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Abstract

Vitamin D has many functions in the regulation of various systems affecting the whole
body. A deficiency of this hormone thus affects many essential systems (e.g. skeletal, dental,
immune) and can leave visible lesions on the skeleton and teeth. During the Industrial Revolution,
various environmental factors probably contributed to an increase in vitamin D deficiency.
Therefore, most studies on vitamin D deficiency have been conducted on European skeletal
samples dated to the 19" century. However, the frequency of this type of metabolic disease has not
been explored extensively in Canada for the same period. Furthermore, in palacopathology, the
possible interactions between vitamin D deficiency and other diseases have only been poorly
explored. To fill this gap, the present study focuses on an historic Euro-Quebecois population (St.
Antoine cemetery, Montréal (1799-1854), exploring the frequency and prevalence of pathological
lesions and conditions as well as their possible influence on the age and sex categories. More
precisely, are investigated the possible link between the occurrence of vitamin D deficiency cases
during infancy and health deterioration later in life, as well as the temporal evolution of the cases
within the St. Antoine cemetery in relation to the industrialization process. In total, 52 individuals
(8 nonadults, 44 adults) from the St. Antoine urban cemetery were used for the study. The data
collected during the research is of an empiric nature and was acquired following three steps: 1) the
basic skeletal inventory (sex, age-at-death); ii) the macroscopic and radiographic observations of
the pathological lesions on the skeletons; iii) and the histological examination of selected dental
tissues to assess the presence of interglobular dentin (IGD). The results indicate a high prevalence
of IGD during infancy indicative of vitamin D deficiency, i.e. 44% (23/52) to 75% (39/52),
excluding and including the degree 1 of IGD, respectively. The majority of these episodes occurred
at or from birth to up to three years-old (63%, n=33/52) and 12% of the individuals (n=6/52)
presented prenatal IGD episodes, raising questions about maternal deficiencies and cultural
influences. The presence of IGD during infancy was not correlated with demographic parameters,
nor with health status deterioration later in life. A possible link was recorded between the presence
of more severe degrees of IGD and LEH. The number of IGD cases during infancy seems to

decrease with time, contrary to what might be expected of an industrializing population. However,



this result must be taken with caution because of the small portion of the sample coming from the

more recent parts of the cemetery.

Keywords: 19" century, Montréal, palacoepidemiology, histology, vitamin D, deficiencies,

health, cultural practices, industrialization.
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Résumé

La vitamine D occupe de nombreuses fonctions dans la régulation de divers systémes
affectant le corps entier. Une déficience de cette hormone peut donc affecter plusieurs systémes
essentiels (ex. squelettique, dentaire, immunitaire) et peut laisser des 1ésions repérables sur le
squelette et les dents. Au cours de la Révolution industrielle, plusieurs facteurs environnementaux
ont probablement contribué a I’augmentation des cas de déficience en vitamine D. Ainsi, la
majorité des études portant sur la déficience en vitamine D se sont concentrées sur des populations
européennes du XIXe siecle. Au Canada, pour la méme époque, la fréquence de ce type de maladie
métabolique n’a pas été explorée en profondeur. De plus, les possibles interactions entre déficience
en vitamine D et autres maladies ont été peu explorées jusqu’a maintenant. Afin de pallier cette
lacune, la présente étude se concentre sur une population euroquébécoise (cimetiere St-Antoine,
Montréal (1799-1854)), explorant la fréquence et prévalence de diverses lésions et conditions
pathologiques, en plus d’évaluer leur influence sur les catégories d’age et de sexe. Plus
précisément, cette recherche investigue le possible lien entre la présence de cas de déficience
vitamine D durant I’enfance et la détérioration de I’état de santé plus tard au cours de la vie, en
plus de I’évolution temporelle des cas au sein du cimetiére St-Antoine en lien avec le phénomene
d’industrialisation. Au total, 52 individus (8 non adultes, 44 adultes) issus du cimetiére urbain St-
Antoine a Montréal ont été étudi¢s. Les données collectées sont de nature empirique et ont été
acquises selon les trois phases suivantes : i) I’inventaire squelettique de base (sexe, age au déces),
i) les observations macroscopiques et radiographiques des lésions pathologiques pour chaque
squelette; iii) et ’analyse histologique de tissus dentaires sélectionnés afin d’explorer la présence
ou I’absence de dentine interglobulaire (DIG). Les résultats indiquent une proportion élevée de
DIG durant I’enfance indiquant une déficience en vitamine D, c’est-a-dire 44% (23/52) a 75%
(39/52), excluant et incluant le degré 1 de DIG, respectivement. La majorité de ces épisodes de
déficience se sont produits a ou a partir de la naissance, allant jusqu’a trois ans (63%, n=33/52), et
12% des individus (n=6/52) présentent des épisodes prénataux de DIG, ce qui souléve la question
de la déficience maternelle et de I’influence des facteurs culturels. La présence de DIG durant
I’enfance n’est corrélée ni aux paramétres démographiques ni a une détérioration de 1’état de santé
plus tard au cours de la vie de I’individu. Un possible lien a été soulevé entre les degrés plus séveres

de DIG et I’hypoplasie dentaire. Le nombre d’épisodes de DIG durant I’enfance semble diminuer

il



avec le temps, contrairement a ce qui pourrait étre attendu d’une population en voie
d’industrialisation. Toutefois, ce résultat doit étre considéré avec prudence en raison de la faible

portion de I’échantillon provenant des aires plus récentes du cimetiere.

Mots-clés : XIX¢ siécle, Montréal, paléoépidémiologie, histologie, vitamine D, carences, santé,

pratiques culturelles, industrialisation.
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Introduction

Metabolic disorders such as vitamin D deficiency can be caused by biophysical variables,
such as geographical latitude, skin pigmentation and bioavailability of vitamin D in food sources
(Brickley, Moffat, and Watamaniuk 2014, 48). Cultural factors that influence individual and
populational risk such as infant and child feeding practices and behaviours that affect exposure to
sunlight can also cause vitamin D deficiency (Brickley, Moffat, and Watamaniuk 2014, 48).
According to clinical studies, vitamin D deficiency during infancy can influence the resistance to
infections and the development of some cancers and/or rheumatoid arthritis (Holick 2004; Bikle
2009; Baceke et al. 2010). In fact, studies by Manolagas and his group (1985,1986,1991) provided
strong evidence that a large quantity of vitamin D receptors are located on activated lymphocytes
that play a crucial role in the regulation of the immune system (Deluca and Cantorna 2001; Yu et
al. 1991; Manolagas et al. 1986; Manolagas, Provvedini, and Tsoukas 1985). However, in
palaeopathology, the possible interactions of metabolic disorders with other diseases have been
poorly explored (Roberts and Brickley 2018). A study conducted by Snoddy and colleagues (2016)
on two skeletal collections, one dating to the medieval period (St. Mary Graces, 1350-1540 AD)
and the other dating to the postmedieval period (St. Benet Sherehog, 16-17' centuries AD) indicate
a strong association (95% accuracy) between vitamin D deficiency and chronic infections, although
no significant relation between tuberculosis and vitamin D deficiency was noted (Snoddy, Buckley,
and Halcrow 2016). The researchers consider relevant further exploration of this issue in future

studies (Snoddy, Buckley, and Halcrow 2016).

Evidence of vitamin D deficiency was found in Late Pleistocene individuals as well as in
various ancient Roman populations, indicating that this type of disease is not a recent phenomenon
(Mays et al. 2018). However, during the Industrial Revolution, various environmental factors
probably contributed to an increase in vitamin D deficiency. Therefore, most studies on vitamin D
deficiency have been conducted on European skeletal samples dated to the 19th century (Brickley,
Kahlon, and D’Ortenzio 2019; D’Ortenzio, Ribot, et al. 2018; Watts and Valme 2018; Mays et al.
2018; Ives 2018; D’Ortenzio et al. 2016; Mays, Brickley, and Ives 2007; 2006). So far, the

frequency of metabolic diseases has not yet been explored extensively in Canada for the same



period, with the exception of a reported cases (Brickley, Kahlon, and D’Ortenzio 2019; D’Ortenzio
et al. 2018; 2016; Houle-Wierzbicki 2016; Morland 2009).

Therefore, the present research project aims to fill this gap by studying the health status of
a Euroquebecois population transitioning from the preindustrial to the industrial period. Although
industrialization started later in Quebec in comparison to other regions (Dickinson 2014), vitamin
D deficiency might still have affected people depending on various environmental factors such as
their access to resources and their way of life (indoor, outdoor or mixed) (Brickley, Moffat, and

Watamaniuk 2014).
Objectives

Thus, the analysis of 52 skeletal and dental remains from an urban population of Montréal
(Catholic cemetery of St. Antoine) dated to the 19" century (Ethnoscop 2012) aims to answer the

following questions:

1) What is the frequency and prevalence of pathological lesions and conditions among
the sampled individuals from 19" century St. Antoine cemetery, Montréal?

i1) How do pathological lesions and conditions affect the various categories (sex, age)
of the urban population sample from St. Antoine cemetery?

i) Is there a possible link between the occurrence and severity of vitamin D deficiency
episodes during infancy and the health deterioration occurring later in life?

v) Is there a temporal evolution within the St. Antoine cemetery of vitamin D

deficiency cases during infancy, in relation to the industrialization process?

To explore these four questions, which combine both palacopathology and

palaeoepidemiology, the dissertation is organized in three chapters (Fig.1).

e Chapter 1: Literature review on the palaeopathological and paleoepidemiological
approaches, as well as the Developmental Origins of Health and Disease (DOHaD);

e Chapter 2: Literature review on the previous clinical and bioarchaeological studies
on vitamin D and vitamin D deficiency;

e Chapter 3: Journal article in preparation, which is composed of:

1. Materials and methods:



1) The basic skeletal inventory (sex, age-at-death) of the skeletal remains;

i1) The macroscopic and radiographic analysis of the pathological lesions for
each skeleton,;

1ii) The photographic recording of the dental tissues before the destruction of
the tissues; and

v) The histological examination of selected dental tissues to evaluate the
presence of metabolic lesions;

2. The results of the study and the discussion;

3. The conclusion of the study.

My work on this journal article consists of the data collection, the analysis of the data and

the final writing.

—» Preservation state
——— Sex estimation
—» Age estimation

» Selection of the sample

Biological profile

Macroscopic examination » Pathological lesions

A\ 4

Radiographic analysis —— » Pathological lesions identified on

bone tissues

A

Photographic recording Dental tissues

A

Histological analysis Dental tissues

Figure 1. — Main phases of the methodology used in this thesis.






Chapter 1: Theoretical framework-palaeopathological and

palaeoepidemiological approach

1.1 Palaeopathological approach

Palaeopathology, simply put, is the field that studies diseases in the past (Grauer 2012, 1).
The past might be relatively recent or considerably ancient (Grauer 2012, 1). Indeed, in many states
throughout the US, for example, remains are deemed “ancient” if they are over 100 years old and
can be thus studied by palacopathologists (Grauer 2012, 1). Palacopathology is a multidisciplinary
field composed of individuals trained in medicine, dentistry, archaeology or physical anthropology
who choose to focus their research on studying the manifestations of diseases on ancient human
remains (Grauer 2012, 4). Concerning the scientific methodology, palaeopathology is mainly
descriptive but very interdisciplinary and it focuses not only on case studies of single or few
individuals but also on population samples to evaluate the general health status within a group

(Buikstra and DeWitte 2019, 13).

Differentiating normal variation, taphonomic aspects and pathological lesions is crucial in
palaeopathology (Buikstra and DeWitte 2019, 13). Describing lesions and examining the
dispersion of the lesions across the skeleton is necessary to achieve a potential diagnosis and

evaluate the pathological state of the individuals (Buikstra and DeWitte 2019, 13).

1.2 Palaeoepidemiological approach

Palacoepidemiology focuses on health and disease patterns at the populational scale
according to data mainly derived from skeletal and mummified tissues, applying a more
quantitative approach than palacopathology (Boldsen and Milner 2012, 114; Buikstra and DeWitte
2019, 14). Such studies usually focus on the documentation of changes in disease experience that
accompanied major transitions during recent human evolution, such as industrialization in the case
of this research (Boldsen and Milner 2012, 114). Palacoepidemiological research aims to evaluate
how common certain diseases were in groups of people that differed according to various variables
(e.g. geographical origin, time period, sex, age, socioeconomic position, residential location)

(Boldsen and Milner 2012, 114). Ideally, the skeletal collections must be homogenous culturally



and biologically and come from well-documented cemeteries associated with single communities
(Boldsen and Milner 2012, 118). The knowledge of the cultural context of a skeletal sample is thus
a preliminary step (Boldsen and Milner 2012, 118).

Minimally, palaeoepidemiological studies must take into account the origin and
representativeness of skeletal samples, the association between diseases and lesions, the selective
effect of mortality in the formation of skeletal assemblages, the causes and consequences of
diseases in various cultural and natural environments, and the particular details of local conditions
that affect health (Boldsen and Milner 2012, 115). The principal objective is thus to reconstruct the
lives of people using data derived from those who died (a mortality sample), which is in part done
by analysing the age distribution of people affected and not affected by specific lesions (Boldsen
and Milner 2012, 115).

1.2.1 Expected outcome of palaecoepidemiological studies
One of the aims of palacoepidemiological studies is to assess the impact of diseases or injury
on mortality (Milner and Boldsen 2017, 36). Careful considerations of disease processes,

heterogeneous frailty, selective mortality and archaeological and cultural contexts have to be

undertaken (Milner and Boldsen 2017, 36; Wood et al. 1992).

1.3 Limitations of the approaches and biases

Both palaeopathological and palacoepidemiological approaches have limitations that can

impair the accuracy of any bioarchaeological study. Five of these limitations are presented below.

1.3.1 Selective mortality

The first issue concerns the fact that the skeletons analysed represent people that died for a
reason, meaning that the prevalence of lesions of a particular condition in an osteological sample
does not directly represent its prevalence in the living population at a given point in time (Wood et
al. 1992; Wright and Yoder 2002, 45). It is thus difficult to interpret the absence of lesions: was
this person healthy before death or were they weak and died at the first exposure to a pathological
agent (Wood et al. 1992; Wright and Yoder 2002, 45)? This makes it difficult to assess the
probability that individuals with a pathological condition also present the associated markers, thus

often underestimating the frequency of affected people (Milner and Boldsen 2017, 34).
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1.3.2 Hidden heterogeneity in risk

Susceptibility to illness varies substantially from one individual to another, a situation
called frailty (Wright and Yoder 2002, 45; Wood et al. 1992). The factors contributing to this frailty
are generally not identifiable (Wright and Yoder 2002, 45; Wood et al. 1992). During this research,
vitamin D deficiency during infancy is a contributing factor that will be assessed, thus reducing the
bias. Indeed, according to clinical studies, the occurrence of vitamin D deficiency during infancy
can influence the resistance to infections and the development of certain types of cancer and
rheumatoid arthritis (Baeke et al. 2010; Bikle 2009; Holick 2004). However, other variables, non-
environmental ones, such as genetics, which are not explored here in the present study, might bias

the results (Wood et al. 1992, 345).

1.3.3 Representativeness of the sample

A difficult part in examining skeletal remains consists in assessing the representativeness
of the sample (Milner and Boldsen 2017, 29). Our sample is constituted of a group of people that
have only vaguely known temporal, geographical and social dimensions (Milner and Boldsen 2017,
29). Concerning the representativeness of the skeletal sample from most historic cemeteries in
Quebec, it is impossible to know each individual’s geographic origin and social status since no
gravestones are recovered most of the time (Ethnoscop 2016b; 2016a; 2014; 2012). However, the
time frame (i.e. the period of use of a cemetery) is well established according to archaeological
data (Ethnoscop 2016b; 2016a; 2014; 2012). Furthermore, people are sampled at the moment of
their death and do not reflect the full range of people that would be observed if one could actually
analyse a past living population (Milner and Boldsen 2017; Waldron 1994, 12; Wood et al. 1992).

1.3.4 Integrity of the sample

The state of preservation of the bones can alter the identification of pathognomonic lesions
associated to a certain condition (Waldron 1994, 13—14). Certain conditions indeed present lesions
that appear on specific elements of the skeleton, which might not be visible in fragmented

osteological collections (Waldron 1994, 13—14).

1.3.5 Age-at-death estimation
Adequate age-at-death estimation is challenging amongst adults (Roberts 2018, 137). Age

estimation after growth has stopped is more difficult because it is based on the senescence process,
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which can be influenced by various cultural, occupational and biological factors (Roberts 2018,
131,137-140). Estimation of age-at-death for people older than 50 years is also very difficult and

this can result in an underestimation of the age-at-death for some individuals (Roberts 2018, 137).

1.4 Developmental Origins of Health and Disease (DOHaD)

The DOHaD concept, one of the most important theories in biological science, refers to the
fact that environmental parameters in early fetal life can impact the expression of genes and might
later have effects on health and disease (Suzuki 2018, 266). The DOHaD theory originates from
the work of Barker’s epidemiological report in 1986 and many following articles by himself and
his colleagues, which led to the “Barker hypothesis™ (Suzuki 2018, 266; Barker 2007; Osmond et
al. 1993; Barker et al. 1993; 1989; Barker and Osmond 1986a; 1986b). This hypothesis suggests
that a poor prenatal nutrition can increase the detrimental effects of an opulent diet in adulthood,
causing an increased risk of various non-communicable diseases (Suzuki 2018, 266; Barker 2007;
Osmond et al. 1993; Barker et al. 1993; 1989; Barker and Osmond 1986a; 1986b). Later, the
terminology changed, from the “Barker hypothesis” to the term “DOHaD”, because the period of
“origin” was extended from the prenatal period to the entire developmental period, up until the

maturation from infancy to adolescence (Suzuki 2018, 266; Gillman et al. 2007).

While the causative factors of DOHabD originally started with poor nutritional status during
pregnancy, they have now progressed to include various external and internal environmental
factors affecting the whole body, such has drugs and chemicals, light and other electromagnetic
waves, sounds and oscillations and indigenous microbiota in the gut and elsewhere (Suzuki 2018,
266; Haugen et al. 2015; Rosenfeld 2015). In biological anthropology, the importance of DOHaD
has been recognized (e.g. DeWitte and Stojanowski 2015; Gowland 2015). The use of teeth to
investigate the subject has emerged in recent years, especially in biomedical research, since teeth
can provide permanent biomarkers of metabolic stressors that disrupted mineralization in utero or
during early infancy (Brickley, Kahlon, and D’Ortenzio 2019, 1-2; Arora et al. 2017; Tvinnereim
etal. 2012).



Chapter 2: Previous clinical and bioarchaeological studies on

vitamin D and vitamin D deficiency

2.1 Introduction

Vitamin D plays an essential role in the metabolism of the human organism; however, it is
affected by a multitude of environmental and cultural factors (Brickley et al. 2017). Its complex
aetiology makes it very difficult to pinpoint the causes of its deficiency, even more so in past
populations (Brickley, Moffat, and Watamaniuk 2014). Indeed, even in a similar environment,
individuals can present different levels of vitamin D depending on a variety of cultural factors,
such as clothing, weaning, number of pregnancies, diet and occupation (Brickley, Moffat, and
Watamaniuk 2014). In the next chapter, the current clinical studies on vitamin D and vitamin D
deficiency will be addressed, followed by an exploration of the different bioarchaeological research

on vitamin D deficiency.

2.2 Clinical studies

2.2.1 Metabolism of vitamin D

Vitamin D exists under two forms, i.e. vitamin D; (ergocalciferol) and vitamin Dj
(cholecalciferol), which are produced differently (Thacher and Clarke 2011, 50). Vitamin D3 is
generated from the reaction of the skin to the UV rays of the sun or is acquired through the diet
(ex. fatty fish, egg yolk, liver, mushrooms, supplements) (Thacher and Clarke 2011, 50). Vitamin
D», found in certain plants and produced commercially through yeast irradiation, is used for
fortification and supplementation (Thacher and Clarke 2011, 50). Both vitamin D; and D3 can be
used for supplementation (Thacher and Clarke 2011, 51). The metabolism and effects of both forms

of vitamin D is explained more extensively in the following sections and it is summarized in Fig.

2. Calcium and phosphorus homeostasis
4Neuromuscular effects
- > > ‘D_y 1.25-dih itamin > Immune system regulation
‘.Vitamin D; 25- 25 yd}r)oxyVl amlni: Cell growth and regulation
o Cardiovascular effects
Vitamin Ds hydroxyvitamin D
Figure 2. — Metabolism of vitamin D and its biological effects (Holick 2006; Jones 2018; Thacher

and Clarke 2011).



The skin of many vertebrate animals naturally produces 7-dehydrocholesterol (provitamin
D3) that resides in epidermal and dermal cells which, during exposure to sunlight, absorb ultraviolet
(UVB) radiation (Jones 2018, 3). The absorption of this radiation transforms provitamin Ds into
previtamin D3 (Jones 2018, 3). By remodelling its double bonds, this element transforms in a more

thermodynamically stable structure called vitamin D3 (Jones 2018, 3).

The vitamin D obtained, through natural light or diet, is, however, an inactive compound
which needs to undergo two metabolic processes before becoming an active hormonal compound
(Jones 2018; Jones, Strugnell, and DeLuca 1998). The first step, through the liver, produces an
intermediary compound 25-hydroxyvitamin D (25(OH)D) (Jones 2018; Blunt, DeLuca, and
Schnoes 1968, 3321). The second phase of the activation mainly happens in the kidneys and results
in the active form of vitamin D, i.e. 1,25-dihydroxyvitamin D (1,25(OH); D) or calcitriol (Jones
2018). When only considering vitamin D3 absorbed by the skin or acquired through naturally
enriched foods, the compounds are referred to as 25(OH)Ds and 1,25(OH)2D3 (Jones 2018).

Because few foods contain vitamin D, most people gain their vitamin D intake from sunlight
exposure (Webb, Kline, and Holick 1988, 1697). Vitamin D can be stored in fatty tissue during
times when sunlight is abundant (e.g. summer), thus providing some stores during times when
sunlight exposure is low (e.g. winter) (Webb, Kline, and Holick 1988, 1697). At latitudes where
long winters prevail, this storage is insufficient and vitamin D status declines (Webb, Kline, and

Holick 1988, 1697).

2.2.2 Effects of vitamin D and vitamin D deficiency on the skeletal and dental
systems

The vitamin D thus activated ligates easily to vitamin D receptors (VDR) and generates an
increase of calcium and phosphorus absorption through the intestines (Holick 2006, 355). Vitamin
D becomes crucial regarding bone formation, resorption and mineralization, as well as maintaining
neuromuscular functions (Holick 2006, 355). In case of low vitamin D levels, the small intestine
can only absorb 10 to 15% of the dietary calcium, while the intestinal absorption rises up to 30-
40% in optimal situation (Holick 2006, 355). Inadequate calcium absorption occurs when vitamin
D levels are low, impairing bone health and the majority of metabolic functions and neuromuscular

activities (Holick 2006, 355).
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Thus, consequences of vitamin D deficiency on skeletal health are multiple. First, an
episode of vitamin D deficiency during bone growth and development can cause rickets, i.e. a
reduction or absence of endochondral calcification in growth plates, which, under the mechanical
pressure of the weight of the individuals, causes bending of the bones (Elder and Bishop 2014,
1665). In adults, remnant bending deformities of nonadult rickets are called residual rickets
(Veselka et al. 2018, 69). Vitamin D deficiency in adults can also generate hyperparathyroidism,
which can precipitate or increase osteoporosis (Holick 2004, 364). Furthermore, the secondary
hyperparathyroidism causes a loss of phosphates in the urine, which results in an imbalance
between calcium and phosphate (Holick 2002; 2003; 2004, 364). This inadequate serum
composition fails to ensure the mineralization of the osteoid in the bone, resulting in osteomalacia,
i.e. nonmineralization of the collagen matrix (Holick 2004, 364). Individuals suffering from

osteomalacia thus become at risk of fractures due to a lack of structural support (Holick 2004, 364).

On a microscopical level, vitamin D deficiency can impair dental development and
mineralization (D’Ortenzio et al. 2016). During dental growth, the primary dentine, which
constitutes the majority of the crown of the tooth, develops before root formation and newly
secreted dentine is unmineralized (predentine) (D’Ortenzio, Kahlon, et al. 2018, 102). Both
primary dentine and predentine grow in increments during the mineralisation process (D’Ortenzio,
Kahlon, et al. 2018, 102; Avery 2002). The mineralization of the dentine requires hydroxyapathite
crystals whose spherical regions are named calcospherites, i.e. tiny round spheres containing
calcium salts (D’Ortenzio, Kahlon, et al. 2018, 102). A normal mineralization of the dentine results
in a homogenous aspect (D’Ortenzio, Kahlon, et al. 2018, 102). However, when an individual has
vitamin D deficiency, calcospherites can fail to fuse correctly and can_leave badly mineralized
patches of dentine, resulting in the presence of IGD or spherical or hemispheric shaped spaces

(D’Ortenzio et al. 2016; Dean 2017).

IGD is characterized by a band-like formation that follows the incremental growth lines in
the dentine (D’Ortenzio, Kahlon, et al. 2018, 103). If the vitamin D deficiency is long-standing and
severe, the IGD can often be found on both sides of the teeth (mesial and distal sides for molars)
(D’Ortenzio, Kahlon, et al. 2018, 103). The relative amount of IGD differs in teeth depending on
the severity of vitamin D deficiency and the rate of dentinal growth (D’Ortenzio, Kahlon, et al.

2018, 103; Seow, Romaniuk, and Sclavos 1989). The appositional rate is maximal near the growth
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initiation centres and decreases progressively towards the apical aspect of the root, which may

result in an absence of IGD in the root of the tooth (D’Ortenzio, Kahlon, et al. 2018, 103).

It is important to differentiate IGD from the normal spaces that occur during tooth
development, i.e. developmental interglobular dentine (DIGD) (D’Ortenzio, Kahlon, et al. 2018,
105). DIGD appears near the dentinal periphery and consists of poorly mineralized dentine that
does not follow the incremental lines, in both the permanent and deciduous dentition of healthy
individuals (D’Ortenzio, Kahlon, et al. 2018, 105). DIGD is characterized by a small, sparse area
of spaces that can be slightly elongated or wavy (D’Ortenzio, Kahlon, et al. 2018, 105).

Vitamin D deficiency has been recognized as the primary cause of interglobular dentine
(IGD), since it ensures the homoeostasis of phosphate and calcium involved in the mineralization
of the dentine (D’Ortenzio et al. 2016, 154). Various other vitamin deficiencies (A, C, and E),
magnesium deficiency, fluorosis, liver disease and gastrointestinal malabsorption were excluded

from the causes of IGD (D’Ortenzio et al. 2016, 154).

2.2.3 Extra-skeletal effects of vitamin D and vitamin D deficiency

Vitamin D is also very involved in extra-skeletal systems. The brain, prostate, breasts and
colon, to name a few, as well as immune cells, all possess vitamin D receptors reacting to the
presence of 1,25(OH),Ds (Christakos et al. 2013, 46). According to clinical studies, the occurrence
of vitamin D deficiency during infancy can influence the resistance to infections and the
development of certain types of cancer and rheumatoid arthritis (Baeke et al. 2010; Bikle 2009;
Holick 2004). Indeed, laboratory studies, including animal models, indicate the implication of
1,25(OH);D3 in numerous systems : inhibition of cancerous progression and certain autoimmune

diseases and modulation of innate immunity (Christakos et al. 2013, 46).

First, the vitamin D hormone regulates the expression of certain genes as well as cell
differentiation and proliferation (Christakos et al. 2013). According to studies on animals and
humans, an increased risk of developing some cancers has been linked to vitamin D insufficiency
or deficiency (Snoddy, Buckley, and Halcrow 2016, 187). Research conducted in the United States
and Eastern Europe indicate a higher risk of contracting colorectal, breast, prostate, ovaries,
bladder, oesophageal, kidney, lung, pancreatic, stomach and corpus uteri cancer in relation with a

lesser exposition to UV rays (Garland and Garland 1980; Garland et al. 1990; Gorham, Garland,
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and Garland 1990; John et al. 1999; Grant 2002, 1867; Snoddy, Buckley, and Halcrow 2016, 187).
These findings have to be taken with precaution since vitamin D deficiency is only one of many
risk factors and its specific impact on disease incidence has never been assessed (Peterlik 2012,
784). However, convincing evidence indicate that vitamin D deficiency is a major risk factor for

colorectal and breast cancer (Peterlik 2012, 784).

Furthermore, the most common autoimmune diseases, such as type 1 diabetes, rheumatoid
arthritis and multiple sclerosis, have all been successfully prevented in models using mice that were
susceptible to these diseases if they received 1,25(0OH).Ds early in life (Mathieu et al. 1994;
Cantorna, Hayes, and DeLuca 1996; Cantorna, Hayes, and DeLuca 1998; Deluca and Cantorna
2001; Gregori et al. 2002).

It has been revealed that 1,25(OH):D; induces macrophages to secrete an antibacterial
peptide called cathelicidine involved in the destruction of mycobacteria, including the causal agent
of tuberculosis (Lockau and Atkinson 2018; Liu 2006). In fact, many controlled cohort studies of
the last decade have found that a low presence of vitamin D is an important independent risk factor
for the development of secondary tuberculous infections (Snoddy, Buckley, and Halcrow 2016,

187; Gibney et al. 2008; Nnoaham and Clarke 2008; Ustianowski et al. 2005).

While many clinical studies explore the relation between vitamin D deficiency and various
other diseases, all-cause mortality seems to be the most correlated to vitamin D deficiency (Lockau
and Atkinson 2018, 5). Indeed, numerous systematic reviews and meta-analyses revealed a
decrease of all-cause mortality amongst individuals of cohort and observational studies presenting
a higher vitamin D status or amongst individuals of RCT taking supplements (Lockau and Atkinson
2018, 5; Autier 2014; Bolland et al. 2014; Theodoratou et al. 2014; Reid, Bolland, and Grey 2014;
Schottker 2013). Some studies even recorded a mortality reduction of 4 to 8% (Lockau and

Atkinson 2018, 5; Autier 2014; Schottker 2013).

2.2.4 Vitamin D deficiency’s biophysical risk factors

The biophysical risk factors include geographical latitude, skin pigmentation,
bioavailability of vitamin D in food sources, body fat content, fat malabsorption, gastrointestinal
malabsorption and age (Brickley, Moffat, and Watamaniuk 2014, 48; Bikle 2007, V-51; Holick
2006, 356-57).
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The latitude and the season can affect the vitamin D metabolism of an individual, since at
latitudes above 37°N and below 37°S, sunlight is insufficient to induce cutaneous vitamin D3
synthesis during winter months (Holick 2006, 356; Holick and Jenkins 2003; Webb, Kline, and
Holick 1988; Chen 1999). In northern latitudes, seasons strongly affect circulating levels of
25(OH)Ds3, which decrease during winter and increase during summer (Huotari and Herzig 2008,
172; Rapuri et al. 2002; Maxwell 1994). In Finland (60° N latitude), 328 healthy adults (202
women, 126 men, 31-43 years-old) participated in a study by Lambert-Allardt and colleagues
(1998) from February to March. The mean daily intake met the recommendations in the men (5.6
+ 3.2 pg) and in the women (4.7 £ 2.5 pg), but the levels were low (Lamberg-Allardt et al. 2001,
2066). This indicates that even in a normal, healthy, adult population, the vitamin D that has been
stored during the summer is not enough to ensure an optimal vitamin D status during winter

(Lamberg-Allardt et al. 2001, 2072).

Up to 99.9% of the cutaneous production of vitamin D can be reduced as skin pigmentation
increases (Holick 2006, 357; Matsukoa et al. 1995; 1991; Clemens et al. 1982). The studies of
Clemens and colleagues (1982), which measured vitamin D itself, indicated that the presence of
melanin in high concentrations in skin markedly reduces the amount of vitamin D3 that is made

after one exposure to a relatively small dose of UV rays.

Starting at birth, breastfeeding can put neonates and young children at risk of developing
vitamin D deficiency (Holick 2004, 365; Kreiter et al. 2000; Specker 1985). Indeed, breast milk
does not contain significant amounts of vitamin D, which puts the infants at risk of developing this
kind of metabolic disorder, especially if the mother is already deficient (Holick 2004, 365; Kreiter
et al. 2000; Specker 1985). The total vitamin D concentration in human milk is 15 to 50
International Units (IU)/L, which is too low to provide the recommended daily requirement of 400
IU/day (Kreiter et al. 2000, 155; Reeve, Chesney, and DeLuca 1982). Furthermore, the children
of women of colour are particularly at risk (Holick 2004, 365; Kreiter et al. 2000; Specker 1985).
Dark-skinned mothers require a longer duration of sun exposure than light-skinned mothers to
receive sufficient vitamin D concentrations due to the higher concentration of melanin in their skin
(Misra et al. 2008, 406; Clemens et al. 1982). As a result, decreased vitamin D levels in the mothers
result in a decreased transplacental transfer in utero, which reduces the infants’ stores of vitamin
D at birth (Misra et al. 2008, 408).
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It has also been suggested that phytate-derived polyphosphate esters, present in cereal-
based products, may be rachitogenic (Robertson et al. 1981, 22; Van Den Berg, Hill, and Stanbury
1972). Lignin, an important component of wheat fibre, combines with bile acids and increases their
excretion (Robertson et al. 1981, 22; Eastwood and Hamilton 1968). If vitamin D fuses to the fibre-
acid complex, which is chemically likely, it may be transported through the gut (Robertson et al.
1981, 22; Reinhold 1976). A cereal-based diet may thus lead to enough wastage of vitamin D to
produce a deficiency (Robertson et al. 1981, 22).

Recent studies indicated that body mass index and body fat content are inversely related to
serum 25(OH)D level, which is probably due to the deposition of vitamin D in body fat units
(Holick 2006, 357; Snijder et al. 2005; Bell et al. 1985). Individuals with fat malabsorption
syndromes, including sprue, cystic fibrosis and Crohn’s disease, are at especially high risk of
vitamin D deficiency because of the malabsorption of oral vitamin D (Holick 2006, 357; Koutkia
etal. 2001; Bell et al. 1985).

There are numerous reasons why gastrointestinal disorders can affect vitamin D absorption.
First, vitamin D absorption requires an intact small intestine, pancreas and liver (Bikle 2007, V—
51). Partial gastrectomy, chronic pancreatic insufficiency, intrinsic small bowel disease, disorders
of the biliary tract and surgical bypass procedures can all cause problems (Bikle 2007, V-51).
Second, since vitamin D needs to be metabolized into an active compound through the liver,
diseases of the liver can alter the availability of the active metabolites (Bikle 2007, V-51). Third,
certain diseases of the liver and small intestine can disrupt the circulation of vitamin D, which is
usually conjugated with bile reabsorbed in the small intestine (Bikle 2007, V-51). Fourth, vitamin
D has to be transported in the blood through vitamin D-binding proteins which are produced in the
liver (Bikle 2007, V=51). Any disorder affecting the liver can decrease the synthesis of these
proteins and impair the delivery of the vitamin D metabolites to the target tissues (Bikle 2007, V-
51). Finally, the intestine affected by disease, aging or surgical alteration may fail to respond
normally to the active vitamin D metabolites concerning calcium and phosphate absorption (Bikle

2007, V-51).

Moreover, aging has been associated with lower 25(OH)D levels regardless of the season
(Rucker et al. 2002, 1521). Dietary deficiencies and decreased cutaneous synthesis due to reduced

ability of the skin to synthesize vitamin D3 put the elderly at risk of developing vitamin D
15



deficiency (Holick 2006, 357). In fact, a 70-year-old produces approximately four times less
vitamin D via synthesis compared with a 20-year-old (Holick 2006, 357; Holick, Matsukoa, and
Wortsman 1989; MacLaughlin and Holick 1985).

2.2.5 Vitamin D deficiency’s biocultural risk factors
The clinical literature is abundant regarding the risk factors associated to vitamin
deficiency, both biological and cultural. The Fig. 3 presents an overview of these factors that are

presented extensively in the next sections.

Type of work L
(indoor vs. Multiparity
outdoor or
mixed)
Clothing—» <— Closely spaced
pregnancies
Swaddling > <«—— Air pollution and

cloud cover

Figure 3. — Biocultural risk factors of vitamin D deficiency. Figure prepared according to the data

collected by Brickley, Moffat, and Watamaniuk (2014).

Working young and middle-aged adults who rarely spend any time outdoors or always wear
sun protection outdoors are at high risk of vitamin D deficiency (Tangpricha et al. 2002).
Tangpricha and colleagues (2002) observed that 32% of healthy adults aged 18 to 29 years-old
were vitamin D deficient at the end of the winter in Boston (Tangpricha et al. 2002; Holick 2004,
365-66). The elderly and institutionalized individuals who barely spend any time outside are also

at high risk of developing vitamin D deficiency (Pearce and Cheetham 2010, 144).

Clothing also affects the intake of natural UVB light and restricts it, even in regions of the
world getting plenty of sun exposure (Holick 2006, 356). The practice of covering the entire body
with clothing and of avoiding sunlight adopted by some Saudi Arabian women and children might

account for the high prevalence of osteomalacia in the former and of rickets in the latter (Holick
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2006, 356). Moreover, a fully clothed infant without a hat requires four times as much sun exposure
as an infant in only a diaper to achieve similar 25(OH)D concentrations, which can be problematic
if the former is not allowed sufficient time outside due to cultural practices (Specker et al. 1985,

372).

The number of UVB rays that reach the surface of the earth can be impaired by cloud cover
and industrial pollution (Misra et al. 2008, 408). Industrial pollution has been associated with a
greater prevalence of vitamin D deficiency rickets according to the results of a study of 34 children
aged 9-24 months-old living in an area of Delhi, India, renowned for high levels of atmospheric
pollution, with a comparable group of children from a less polluted area of the city (Misra et al.

2008, 408; Agarwal 2002).

Swaddling is a cultural practice that might put newborns at risk of developing vitamin D
deficiency (Wayse et al. 2004). Indeed, that practice entails that babies are tightly enveloped in
layers of cloth from the neck to the feet to minimize body movement (Yurdakok, Yavuz, and Taylor
1990, 873). In India, research conducted by Wayse and colleagues (2004) indicated that
unswaddled children had 42,4 nmol/L of serum 250HD3 compared to 26.5 nmol/L for swaddled
children when exposed to outdoor sun (Wayse et al. 2004, 556).

Other practices can influence the vitamin D levels in individuals, especially for women. The
clinical literature on the possible link between multiple and closely spaced pregnancies is limited
(Brickley, Moffat, and Watamaniuk 2014, 55). Sachan and colleagues (2005) indicate that vitamin
D deficiency could be due to calcium requirements of the developing fetus but they also remark
that factors contributing to vitamin D deficiency are complex (Brickley, Moffat, and Watamaniuk
2014, 55; Sachan et al. 2005). A study of the status of serum (25(OH)D) in a healthy section of the
population in Tunisia concluded that multiparity was noted in 68.9% of the subjects with
hypovitaminosis D, while in the nonparous group, hypovitaminosis D was only observed in 43.9%

of the subjects (Meddeb et al. 2005, 181).

17



2.3 Bioarchaeological studies

2.3.1 Introduction

Culture and environment-related vitamin D deficiencies have been studied in
bioarchaeology among different periods and societies (Mays et al. 2018). However, much of the
research has been conducted on European skeletal samples dating to the 19" century A.D., since
this period is characterized by the Industrial Revolution where various environmental factors
probably contributed to an increase in vitamin D deficiency (Watts and Valme 2018; Mays 2018;
Ives 2018; Mays, Brickley, and Ives 2007; 2006). Few bioarchaeological studies have been
conducted on North American populations of the same period and mainly consist of vitamin D
deficiency-related lesions being recorded in a few individuals (Table 1) (Brickley, Kahlon, and
D’Ortenzio 2019; D’Ortenzio et al. 2018; 2016; Houle-Wierzbicki 2016; Morland 2009). Key
studies based on 19™-century populations of European descent are presented in Table 1. These sites
offer a good comparison to the St. Antoine cemetery, since they are from similar time periods, are
composed of populations of European ancestry and are located at northern latitudes. Although the
St. Antoine cemetery was situated in an urban environment, it is relevant to consider sites from

other environments considering that cultural practices also impact vitamin D deficiency.

Time period Geographical Context N Key findings Source for key
location findings
Historic, 1771-1860 St. Matthew, Urban area Individual 15A-S36 presents 2 D’Ortenzio et al.
€ Québec city, episodes of IGD: 1.5-2 and 5.5 years 2016; Brickley,

Quebec, Canada

(LM

Individual 15A-S36 presents
evidence of residual rickets

Four individuals, two children and
two adults, present lesions of rickets

and osteomalacia

Kahlon, and
D’Ortenzio 2019
Houle-Wierzbicki
2015

Morland 2009

Historic, 1748-1878 St. Marie, Beauce, Rural area 2 episodes: prenatal and ~2.5 years D’Ortenzio et al.
CE Québec, Canada (RM1) 2016;
Brickley, Kahlon, and
D’Ortenzio 2019
Historic, 1799-1854 St. Antoine, Urban area 1 episode of IGD: 3 years (LM') D’Ortenzio, Ribot, et

€

Montréal, Québec,

Canada

18

al. 2018;
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Historic, 18th-19th

centuries CE

Historic, 19th century
CE

Birmingham,

England

St. John’s Church,

Redhill, Surrey,
UK

Urban area

Suburban area

136 adults, 164

nonadults

79 nonadults

5% (7/136) of adults had evidence of
osteomalacia, while 12.8% (21/164)
of nonadults showed evidence of
rickets

17.7% (14/79) presented rachitic

lesions

Mays, Brickley and
Ives 2006; Brickley,
Mays and Ives 2007

Watts and Valme 2018

Historic, 19th century Beemster, Rural area 200 adults 14.5% (29/200) of adults had Veselka et al. 2018;
CE Netherlands evidence of residual rickets, while 3
others might
95 nonadults 9.5% (9/95) of nonadults had rickets Veselka, Hoogland,
and Waters-Rist 2015;
15 adults 14/15 adults presented IGD based on ~ Veselka et al. 2019
micro-CT and histological data
(M!/C1)
Historic, 17th-19t Hattem, Urban area 88 adults, 23.8% (5/21) of nonadults had Veselka 2019
century CE Netherlands 21 nonadults evidence of rickets, 23.9% (21/88) of
adults had evidence of residual
rickets
15 13/15 adults/nonadults presented Veselka et al. 2019
adults/nonadults  IGD based on micro-CT and
histological data (M!/C1).
Table 1.— Vitamin D deficiency-related lesions associated with time period and geographical

location. Modified from Brickley et al. (2017).
2.3.2 Lack of natural light exposure

Latitude of living site

The choice of living environment can impact a population’s UV rays exposure (Veselka et
al. 2019; Veselka, Hoogland, and Waters-Rist 2015; Holick 2003). For example, 29 adults from
the rural locality of Beemster, Netherlands (19" century CE), studied by Veselka and colleagues
(2018) (N=200) presented residual rickets (Veselka et al. 2018). Nine nonadults studied by Veselka
and colleagues (2015) presented rickets (N=95). 14/15 adults also presented IGD based on micro-
CT and histological data of the M!/C1 (Veselka et al. 2019). At the site of Hattem, Netherlands
(17"-19" century CE), 5/21 nonadults had evidence of rickets, 21/88 adults showed residual rickets
and 13/15 adults and nonadults presented IGD based on micro-CT and histological data of the
M!/C1 (Veselka 2019; Veselka et al. 2019). As the sites are located at a latitude of 52°N, the
inhabitants had significantly decreased dermal synthesis of vitamin D during winter and early
spring, i.e. from November to March, and possibly increased vitamin D deficiency in vulnerable

individuals (Veselka et al. 2019; Veselka, Hoogland, and Waters-Rist 2015; Holick 2003). The
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rather northern latitudes of the Ste. Marie, St. Antoine and St. Matthew cemeteries in Quebec,
Canada (45°N) and of the Birmingham cemetery and the Saint-John’s church cemetery (£ 50 °N)
in England might also have contributed to the vitamin D-related lesions found in some individuals
(Watts and Valme 2018; Webb et al. 2018; D’Ortenzio et al. 2016; Gagnon et al. 2010; Brickley,
Mays, and Ives 2007; Mays, Brickley, and Ives 2006).

Indoor work and habits

During the Industrial Revolution, in Europe, factory work became increasingly common,
which is reflected in the bioarchaeological record (Brickley, Mays, and Ives 2007). The skeletons
of 164 nonadults and 143 adults coming from the late 18th and 19th century churchyard of St.
Martin’s Birmingham, England presented a few cases of vitamin D deficiency (Brickley, Mays,
and Ives 2007, 69). None of the adults buried in vault burials (N=59) presented lesions of
osteomalacia, while seven of the 84 adults buried in earth-cut graves showed some evidence of this
disease (Brickley, Mays, and Ives 2007, 69). The type of burial seemed to suggest that the lesions
associated with vitamin D deficiency might be linked to lower status adult individuals working for

long periods of time in factories (Brickley, Mays, and Ives 2007, 78).

Suburban areas near industrializing cities were not immune to vitamin D deficiency (Watts
and Valme 2018). Indeed, 76 individuals coming from the cemetery of St. John’s Church in
Redhill, Surrey (19th century) were analysed by Watts and Valme (2018) for vitamin D deficiency
lesions. Fourteen nonadults presented rachitic lesions, indicating a prevalence of 17.7% (Watts and
Valme 2018, 3). One of the reasons for the high prevalence of rickets in the individuals of the
suburban area is the presence at the time of the nearby Reigate Union Workhouse (Watts and Valme
2018, 7). The records from 1881 indicate a list of 193 inmates, including 43 children under 18 years
of age (Watts and Valme 2018, 7). Previous bioarchaeological studies into workhouse assemblages
have shown that both adults and children presented high rates of pathological lesions, including

those associated with metabolic deficiencies (Geber 2016; Geber and Murphy 2012).

In rural areas, vitamin D deficiency was still prevalent among certain groups working
indoor (Veselka et al. 2018). The study of Veselka and colleagues (2018) on the rural community
of Beemster, Netherlands (19th century) explored the association between vitamin D deficiency

and gender-related activities. Out of the 200 adults (18-50+ years) exhumed from the cemetery and
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then analysed, 29 presented residual rickets, which was recorded more frequently in the Beemster
females than males, suggesting that female nonadults lacked more sunlight exposure compared to
male nonadults (Veselka et al. 2018, 73). Up to the 19th century, in most populations of the region
and at that time, including Beemster, men worked in the fields, while women mostly conducted
work indoor in and around the house, such as spinning, sawing, laundry, churning butter, making
cheese and taking care of the children (Veselka et al. 2018, 73). This division of labour started

early in life, as young as six years-old, sometimes even younger (Veselka et al. 2018, 73).

Urbanism

According to the study of Mays and colleagues (2018) on human remains pertaining to 18
Roman cemeteries, no association between the settlement type and vitamin D deficiency was found
except for one site, Isola Sacra, the necropolis of the port town of Ostia. Both documentary and
physical evidence indicate the presence of multi-storey buildings, mainly apartment blocks, in
Ostia (Bowman and Wilson 2011; Storey 2003; Packer 1967; Ling 1973). Density of housing at
Ostia resulted in a population density possibly even higher than in Rome (Storey 2001; 1997). The
lack of sunlight caused by these factors might have influenced the higher prevalence of rickets

recorded in individuals buried at Isola Sacra (Mays et al. 2018, 9-10).

As for the period of the Industrial Revolution, the developing urban centres did present a
building arrangement improper to sufficient natural light exposure (Brickley, Mays, and Ives 2007,
75). The individuals from St. Martin’s churchyard in Birmingham which presented vitamin D
deficiency-related lesions might have been affected by living in camped inner city housing with

limited and unsanitary outside spaces (Brickley, Mays, and Ives 2007, 75).

Brickley and colleagues (2019) suggest that, as the economic development grew in 18"
century Québec city due to shipbuilding and export of agricultural produce, population growth
generated cramped housing, which might have limited sunlight exposure (Brickley, Kahlon, and
D’Ortenzio 2019, 8; Library and Archives Canada 2016).. The individuals suffering from vitamin
D deficiency among the St. Matthew cemetery were thus possibly affected by this predicament
(Brickley, Kahlon, and D’Ortenzio 2019, 8; Library and Archives Canada 2016).
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Atmospheric pollution

According to Lewis (2002), industrialization is the main factor of health deterioration in
children (Lewis 2002, 211). Indeed, in 19"-century London, air pollution created by industrial
development limited solar ultraviolet reaching the ground level (Loomis 1970). This might have
been a contributing factor to the high rate of rickets in the St. Martin’s population (Mays, Brickley,
et Ives 2006, 371). The lesions related to vitamin D deficiency in the St. Martin’s children indicate
that it was a common and frequent condition, i.e. active and healed rickets present in a wide range
of ages (six months to four years) and osteomalacia in adults (Watts and Valme 2018, 5; Mays,
Brickley, and Ives 2006, 371). On the opposite, the age profile at Redhill is very different, with
individuals between six months to 2.5 years of age affected by rickets, and healed cases observed
after 2.6 years of age (Watts and Valme 2018, 5).The lack of atmospheric pollution in the Redhill
suburban area and the differences in age distribution of active and healed rickets indicate that a

completely different set of risk factors are occurring at Redhill (Watts and Valme 2018, 5).

Clothing

Clothing is a cultural factor that highly influences the exposure to sunlight. During the 19th
century, the type of clothing worn by Dutch nonadults and adults barely let any skin exposed, which
might have increased the risk of developing vitamin D deficiency among the individuals buried in
the Beemster cemetery in the Netherlands (Veselka et al. 2018, 72). Clothing also constitutes a
contributing factor to the prevalence of vitamin D deficiency in the human remains of the suburban
Redhill cemetery (Watts and Valme 2018, 5). Indeed, historical documents indicate that children
were clothed from the neck down when playing outside, which only left the head and hands
uncovered (Watts and Valme 2018, 5). Lengthy or frequent periods under the sun would have been
needed to obtain the required amount of vitamin D, which might have been possible in the summer,

but not in winter, Redhill laying at a latitude of 52°N (Watts and Valme 2018, 5).

2.3.3 Lack of or impairment of vitamin D in the diet

The suburban community of Redhill, England (19th century) offers an example of the
influence of the diet on the development and healing of vitamin D deficiency-related lesions (Watts
and Valme 2018). During the mid to late 19" century, weaning was encouraged once the first teeth
erupted at approximately 12-18 months old, introducing a new diet composed of bread, oatmeal

and broth (Watts and Valme 2018, 6; Wickes 1953a). The high levels of phytates present in this
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type of diet might have impaired calcium and phosphorus absorption, causing rachitic type lesions
(Pettifor 2004). However, beyond the age of two, only healed rickets were recorded in the Redhill
individuals, which concurs with the integration of a more adult diet composed of accessible vitamin
D enriched foods (ex. cod liver oil, eggs, kippers, herring) (Watts and Valme 2018, 5; Clayton and
Rowbotham 2008; Moore 1999). Furthermore, cod liver oil was administered in the early 19th
century and, at Redhill, it might have been done more specifically to individuals presenting signs
of rickets, which might have been more noticeable once the children were walking (Watts and

Valme 2018, 7; Fildes 2017; Wickes 1953D).

2.3.3 Perinatal Practices

During the historical period, some of the studied nonadults of the rural community of
Beemster (19th century) exhibited short periods of breastfeeding, i.e. a few weeks to a few months,
while others indicated no breastfeeding (Veselka et al. 2018, 72; Waters-Rist and Hoogland 2017).
The cultural practice of feeding the infants cow milk might have contributed to the development
of vitamin D deficiency (Veselka et al. 2018, 72). Indeed, cow’s milk differs substantially from
human breast milk and predisposes children to many ailments: gastrointestinal bleeding, intestinal
blockages, bacterial infections, reduced immune function, gastric symptoms (vomiting, diarrhoea),
breathing difficulty and iron deficiency anaemia (Veselka et al. 2018, 72; Thompkinson and Kharb
2007; Butte et al. 2002; Sullivan 1993). When an individual is affected by one or many of these

conditions, vitamin D can become less bioavailable (Veselka et al. 2018, 72).

2.3.4 Link between vitamin D deficiency and other diseases

The research by Snoddy and colleagues (2016) is a key study since it is one of the only
studies that explored the possible link between vitamin D deficiency cases and other diseases, i.e.
chronic infectious diseases. While the goal of the present study is not identical to the research by
Snoddy and colleagues (2016), it still provides useful information and background. As Snoddy and
colleagues (2016) mention, an important part of the poor vitamin D status spectrum is
archaeologically invisible when looking at the lesions on the skeleton (Fig. 4). For example, the
adequate vitamin D status can be recovered before skeletal lesions appear and the diagnostic lesions

can remodel before the death of the individual (Snoddy, Buckley, and Halcrow 2016, 189).
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immunity, tumor

Figure 4. — Scope of vitamin D-related lesions visible in archaeological assemblages (Snoddy et al.

2016).

A key study of Snoddy and colleagues (2016) considered comorbidities from a
paleopathological perspective despite the fact that a vast majority of nonskeletal disease processes
associated with vitamin D deficiency are archaeologically invisible. Compromised immunity is
explored by the authors, meaning that in skeletal assemblages where multiple cases of vitamin D
deficiency are present, a similar high prevalence of chronic infectious disease (e.g. treponemal
disease and tuberculosis) could also be expected (Snoddy, Buckley, and Halcrow 2016, 190; Pearce
and Cheetham 2010; Wayse et al. 2004). Overall mortality also has to be considered according to
the researchers, meaning that non-infectious and acute infectious pathologies related to poor
vitamin D status should be taken into account as potential contributing factors in populations from
regions and eras where people were at high risk of vitamin D deficiency, for example post-colonial
North America (Snoddy, Buckley, and Halcrow 2016, 190). The authors refer to “chronic
infection” as “any individual exhibiting skeletal lesions attributable to any infectious process (e.g.
tuberculosis, nonspecific osteomyelitis, etc.)” (Snoddy, Buckley, and Halcrow 2016, 191).
“Nonspecific infection” refers to “individuals exhibiting lesions that are potentially attributable to
an infectious process but not to a specific infectious disease” (Snoddy, Buckley, and Halcrow 2016,

191).
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The sample used by Snoddy et al (2016) is composed of two cemeteries, St-. Mary Graces
(1350-1540 AD; N= 389) and St. Benet Sherechog cemetery (16th-17th centuries AD;
N=231)(Snoddy, Buckley, and Halcrow 2016, 19; Miles, White, and Tankard 2008). The results

of both analyses are presented in Table 2.

St. Mary Graces St. Benet Sherehog

N=100% 389 231
Vitamin D Deficiency 0.5% 15.0%
Infection (all) 18.0% 54.0%
Tuberculosis 0.8% 2.0%
Table 2. — Prevalence of skeletal evidence of vitamin D deficiency, all chronic infection (including

nonspecific infections), and tuberculosis at St. Mary Graces and St. Benet Sherehog (Snoddy,
Buckley, and Halcrow 2016).

In both of the populations, these authors found a strong association between the prevalence
of vitamin D deficiency and chronic infection at the 95% confidence level (Snoddy, Buckley, and
Halcrow 2016, 191). However, a nonsignificant correlation was demonstrated between the
prevalence of vitamin D deficiency and tuberculosis alone (Snoddy, Buckley, and Halcrow 2016,

191).

In this research, periosteal new bone formations were considered as lesions of chronic
infectious disease, even though trauma, metabolic, neoplastic and autoimmune diseases could also
be the cause (Snoddy, Buckley, and Halcrow 2016, 191). However, the authors suggest that future
researchers applying this model should only include individuals with lesions that are exclusively
related to a systemic infectious process (Snoddy, Buckley, and Halcrow 2016, 191). The lesions
exclusively linked to a systemic infectious process refer to a bilateral involvement of multiple
skeletal elements and lesion type and patterning which is different from non-infectious pathologies
such as scurvy or rickets (Buckley and Tayles 2003; Roberts 2019). Furthermore, although the
authors were not able to conclude to an association between the prevalence of vitamin D deficiency
and tuberculosis at either site, they still recommend exploring this issue (Snoddy, Buckley, and

Halcrow 2016, 192).
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In sum, this case concludes to a strong association between the prevalence of vitamin D
deficiency and chronic infections, but not tuberculosis alone (Snoddy, Buckley, and Halcrow 2016,
191). It will be interesting to verify whether the same results will be obtained when considering
vitamin D deficiency episodes that occurred during infancy. Moreover, as the authors suggested,
only individuals with lesions that are exclusively related to systemic infectious process will be

integrated to this pathological category (Snoddy, Buckley, and Halcrow 2016, 191).

2.4 Conclusion

To sum up, the current research aims to build on previous clinical and bioarchaeological
studies to better understand vitamin D deficiency’s manifestation in a North American urban
population of the early to mid-19th century. Environmental and demographic parameters studied
in various historic populations can serve as comparative references for the sample under study here,
i.e. an urban population of Montréal dated to the early to mid-19'" century. The issue of the possible
association between vitamin D deficiency and other diseases will be explored here using a detailed
methodological approach, which is presented in the next section, “Methodology, Results,

Discussion and Conclusion-Journal article in preparation”.
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Chapter 3: Methodology, Results, Discussion and

Conclusion-Journal article in preparation

The results of this research are presented as an article (titled Palaeoepidemiological
analysis of a historical urban population from Montréal: exploring interactions between vitamin
D deficiency and various palaeopathological skeletal manifestations) that will be submitted to the
International Journal of Palaeopathology. My participation resides in the writing of the paper and

in the collection as well as the analysis of the data.

Abstract (250 words limit)

Objective: This project aims to explore the possible link between vitamin D deficiency during

infancy and mortality, biological sex, industrialization and health deterioration later in life.
Materials: 52 skeletons and M; from the St. Antoine cemetery (1799-1854), Montréal, Québec.

Methods: Macroscopic and radiographic observations of pathological lesions and histological

examination of interglobular dentine (IGD) in M.

Results: Prevalence of IGD of 44% to 75%, excluding and including the degree 1 of IGD,
respectively. The episodes occurred mostly at or from birth to up to 3 years-old, six prenatal
episodes were recorded. The presence of IGD was not correlated with demographic parameters,
nor with health status deterioration later in life, however, a possible link was noted with LEH. IGD
cases during infancy seem to decrease with time, although this result is mitigated due to the small

portion of the sample coming from recent parts of the cemetery.

Conclusions: Interesting implications for maternal vitamin D deficiency and cultural practices
surrounding infants impairing proper vitamin D intake. More severe episodes of IGD and LEH are

possibly linked, although the latter is related to various factors.

Significance: This is the first archaeological populational North American study on IGD. It holds
implications for epidemiological studies on vitamin D deficiency and the relationship between

vitamin D deficiency and health, biological, environmental and cultural factors.

Limitations: The sample is small and first-generation migrants remain unidentified.
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Suggestions for Further Research: Use of a bigger sample. Add isotopic and/or aDNA analysis

for geographical origins to complement individual health biographies.

Keywords: 19" century, histology, IGD, health, culture, industrialization.

1. Introduction

Metabolic disorders such as vitamin D deficiency can be caused by biophysical variables,
such as geographical latitude, skin pigmentation and bioavailability of vitamin D in food sources
(Brickley, Moffat, and Watamaniuk 2014, 48). Cultural factors that influence individual and
populational risk such as infant and child feeding practices and behaviours that affect exposure to
sunlight can also cause vitamin D deficiency (Brickley, Moffat, and Watamaniuk 2014, 48).
Vitamin D3 (cholecalciferol) is generated from the reaction of the skin to the UV rays of the sun or
acquired through the diet (e.g. fatty fish, egg yolk, liver, mushrooms) (Thacher and Clarke 2011,
50). The vitamin D obtained, through natural light or diet, is, however, an inactive compound which
needs to undergo two metabolic processes before becoming an active hormonal compound (Jones
2018; Jones, Strugnell, and DeLuca 1998). The first step, through the liver, produces an
intermediary compound 25-hydroxyvitamin D (25(OH)D) (Jones 2018; Blunt, DeLuca, and
Schnoes 1968, 3321). The second phase of the activation mainly happens in the kidneys and results
in the active form of vitamin D, i.e. 1,25-dihydroxyvitamin D (1,25(OH). D) or calcitriol (Jones
2018). The activated vitamin D ligates easily to vitamin D receptors (VDR) and generates an
increase of calcium and phosphorous absorption through the intestines (Holick 2006, 355). Vitamin
D becomes crucial regarding bone formation, resorption and mineralization, as well as maintaining
neuromuscular functions (Holick 2006, 355). Thus, consequences of vitamin D deficiency on
skeletal health are multiple. Skeletal conditions associated with low vitamin D include rickets,
hyperparathyroidism, osteoporosis and osteomalacia (Elder and Bishop 2014, 1665; Holick 2004,
364). Vitamin D is also involved in extra-skeletal systems. The brain, prostate, breasts and colon,
to name a few, as well as immune cells, all possess vitamin D receptors reacting to the presence of
1,25(0OH),D3 (Christakos et al. 2013, 46). According to clinical studies, the occurrence of vitamin
D deficiency during infancy can influence the resistance to infections and the development of
certain types of cancer and rheumatoid arthritis (Baeke et al. 2010; Bikle 2009; Holick 2004).
Indeed, laboratory studies, including animal models, indicate the implication of 1,25(OH),D3 in

numerous systems : inhibition of cancerous progression and certain autoimmune diseases and
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modulation of innate immunity (Christakos et al. 2013, 46). Vitamin D’s implication in cancer
progression is related to the fact that this hormone regulates the expression of cell proliferation and
differentiation (Christakos et al. 2013). Convincing evidence indicate that vitamin D deficiency is
a major risk factor for colorectal and breast cancer (Peterlik 2012, 784). Studies on mice also
indicate that the most common autoimmune diseases (e.g. type 1 diabetes, rheumatoid arthritis,
multiple sclerosis) can be prevented when administering 1,25(OH).D3 early in life (Mathieu et al.
1994; Cantorna, Hayes, and DeLuca 1996; Cantorna, Hayes, and DeLuca 1998; Deluca and
Cantorna 2001; Gregori et al. 2002). Many cohort and controlled studies also show that low
presence of vitamin D is a risk factor for the development of secondary tuberculosis (Ustianowski
et al. 2005; Nnoaham and Clarke 2008; Gibney et al. 2008; Snoddy, Buckley, and Halcrow 2016,
2016). While many clinical studies explore the relation between vitamin D deficiency and various
other diseases, all-cause mortality seems to be the most correlated to vitamin D deficiency (Lockau
and Atkinson 2018, 5). These studies contribute to the DOHaD theory, i.e. the fact that
environmental parameters during the developmental period can impact the expression of genes and
might later have effects on health and disease, citing vitamin D deficiency as a causative factor for
various pathological conditions (Suzuki 2018, 266). In biological anthropology, the importance of
DOHaD has been recognized (e.g. DeWitte and Stojanowski 2015; Gowland 2015) and the use of
teeth as means to investigate the subject has been emerging in recent years, which is reflected by
the use of deciduous teeth in biobanks for biomedical research (e.g. Arora et al. 2017; Tvinnereim
et al. 2012) (Brickley, Kahlon, and D’Ortenzio 2019, 2). Indeed, teeth constitute permanent
biomarkers of metabolic stressors disrupting mineralization in utero or during early infancy

(Brickley, Kahlon, and D’Ortenzio 2019, 1).

On a microscopical level, vitamin D deficiency can impair dental development and
mineralization (D’Ortenzio et al. 2016). The mineralization defaults present in the dentine called
interglobular spaces (IGD) are caused by the inability of the inorganic calcospherites, i.e. tiny round
spheres containing calcium salts, to fuse correctly (D’Ortenzio et al. 2016, 153-54). Vitamin D
deficiency has been recognized as the primary cause of interglobular dentine (IGD), since it ensures
the homoeostasis of phosphate and calcium involved in the mineralization of the dentine
(D’Ortenzio et al. 2016, 154). Various other vitamin deficiencies (A, C, and E), magnesium
deficiency, fluorosis, liver disease and gastrointestinal malabsorption were excluded from the

causes of IGD (D’Ortenzio et al. 2016, 154).
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IGD is characterized by a band-like formation that follows the incremental growth lines_in
the dentine, since both primary dentine and predentine form in increments during the
mineralization process (D’Ortenzio, Kahlon, et al. 2018, 102-3; Avery 2002). If the vitamin D
deficiency is long-standing and severe, the IGD can often be found on both sides of the teeth (mesial
and distal sides for molars) (D’Ortenzio et al. 2018, 103). The relative amount of IGD differs in
teeth depending on the severity of vitamin D deficiency and the rate of dentinal growth
(D’Ortenzio, Kahlon, et al. 2018, 103; Seow, Romaniuk, and Sclavos 1989). The appositional rate
is maximal near the growth initiation centres and decreases progressively towards the apical aspect
of the root, which may result in an absence of IGD in the root of the tooth (D’Ortenzio, Kahlon, et
al. 2018, 103). IGD differs from the normal spaces that occur during tooth development, i.e.
developmental interglobular dentine (DIGD) (D’Ortenzio, Kahlon, et al. 2018, 105). DIGD appears
near the dentinal periphery and consists of poorly mineralized dentine that does not follow the
incremental lines, in both the permanent and deciduous dentition of healthy individuals
(D’Ortenzio, Kahlon, et al. 2018, 105). DIGD is characterized by a small sparse area of spaces that
can be slightly elongated or wavy (D’Ortenzio, Kahlon, et al. 2018, 105).

Several biocultural factors can affect the development of vitamin D deficiency in past
populations (Thacher and Clarke 2011, 50). Indeed, vitamin D levels depend on natural light
exposure and dietary intake, which are highly linked to cultural behaviour (Thacher and Clarke
2011, 50). The main biocultural risk factors (e.g. latitude of living site, indoor work/habits,
urbanism/pollution, clothing, perinatal practices, diet) for vitamin D deficiency explored in 19"
century European populations are presented in Table 3 (Brickley, Moffat, and Watamaniuk 2014,
48). These cases offer a good comparison to the St. Antoine cemetery, since they are from similar
time periods, are composed of populations of European ancestry and are located at northern
latitudes. Although the St. Antoine cemetery was situated in an urban environment, it is relevant to
consider sites from other environments considering that cultural practices also impact vitamin D
deficiency. The findings of these studies indicate that many environmental and cultural parameters
can influence the amount of vitamin D deficiency cases, no matter the social class (Brickley et al.
2017). Although the environmental conditions of the Industrial Revolution probably contributed to
the most notable increase in vitamin D deficiency cases, this metabolic disorder can be retraced to
the Late Pleistocene (Ivanhoe 1982; Hardy 2003; D’Ortenzio, Ribot, et al. 2018; Mays et al. 2018).

It is thus not a recent condition, but the majority of bioarchaeological studies on the subject have
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been conducted on European skeletal samples dated to the 19" century (Watts and Valme 2018;
Mays 2018; Ives 2018; Mays, Brickley, and Ives 2007; 2006).

Key risk factor Time period, location Description of main findings Reference
Latitude of living  Historic (17-19"" CE), 29/200 adults presented residual rickets at a Veselka et al.
site Beemster, Netherlands latitude of 53°N 2018.

9/95 nonadults had evidence of rickets at a Veselka,
latitude of 53°N Hoogland, and
Waters-Rist 2015
Historic (17-19" CE), 4/30 nonadults and adults present IGD episodes ~ Veselka et al. 2019
Beemster and Hattem, consistent with seasonal deficiencies during
Netherlands winter (latitude of 53°N) based on micro-CT and
histological data (M'/C;)
Historic (18-19"" CE), 5% (7/136) of adults had evidence of Brickley, Mays,
Birmingham, England osteomalacia, while 12.8% (21/164) nonadults and Ives 2007
showed evidence of rickets at a latitude of 52°N
Historic (19" CE), Redhill, 17.7% (14/79) of nonadults presented rachitic Watts et Valme
Surrey lesions at a latitude of 51°N 2018
Indoor work and ~ Historic (17-19" CE), More residual rickets (N=29/200) recorded in Veselka et al.
habits Beemster, Netherlands females than males, females working mainly 2018.
indoors
Historic (18-19" CE), 7/84 adults recovered in earth-cut graves present ~ Brickley, Mays,
Birmingham, England osteomalacia, possibly from working in factories  and Ives 2007
Historic (19" CE), Redhill, 14/76 nonadults present rachitic lesions possibly ~ Watts et Valme
Surrey linked to factory work 2018
Urbanism Historic (18-19" CE), 7/84 adults recovered in earth-cut graves present  Brickley, Mays,
Birmingham, England osteomalacia, possibly in part from the cramped  and Ives 2007
building arrangement
Industrialization ~ Historic (18-19 CE), Lesions indicate that vitamin D deficiency was Brickley, Mays,
(atmospheric Birmingham, England frequent, i.e. active and healed rickets in and Ives 2007
pollution) nonadults (21/164) and osteomalacia in adults
(7/136)
Clothing Historic (17-19" CE), Clothing at Beemster barely showed any skin, Veselka et al.
Beemster, Netherlands which might have increased the risk of vitamin D 2018;
deficiency (29/200 adults had residual rickets, Veselka,
9/95 nonadults had rickets) Hoogland, and
Waters-Rist 2015
Historic (19" CE), Redhill, Children’s clothing that only let the hands and Watts et Valme
Surrey the head uncovered might have contributed to the 2018
vitamin D deficiency cases (14/79).
Perinatal Historic (17-19"" CE), Short periods of breastfeeding followed by cow Veselka et al.
practices Beemster, Netherlands milk ingestion might have contributed to vitamin ~ 2018.

D deficiency (29/200 adults had residual rickets)
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Diet Historic (19" CE), Redhill, Only healed rickets recorded after the age of two ~ Watts et Valme

Surrey (5/79) might be related to cod liver oil 2018
administration
Table 3. — Main biocultural risk factors of vitamin D deficiency detected in 19" century European
populations.

Except for the recording of vitamin D deficiency-related lesions in a few individuals, the
frequency of this type of metabolic disease has not been explored extensively in Canada for the
same period (e.g. Brickley, Kahlon, and D’Ortenzio 2019; D’Ortenzio et al. 2018; 2016; Houle-
Wierzbicki 2016; Morland 2009). The impact of vitamin D deficiency on past health at a
populational level has also been only poorly explored, since much of the research concerned
modern societies (Roberts and Brickley 2018).Indeed, according to clinical studies, this deficiency
during infancy can influence the resistance to infections and the development of some cancers

and/or rheumatoid arthritis ( Holick 2004; Bikle 2009; Baeke et al. 2010).

Therefore, the present palacopathological research project aims to fill this gap by studying the
health status of an archaeological population originating from Montréal (Catholic cemetery of St.
Antoine) and dated to the end of the pre-industrial period and the very beginning of the industrial
period (Ethnoscop 2012). Indeed, the Canadian Industrial Revolution began later in comparison to
the European Industrial Revolution and debuted in the 1840s around the Lachine Canal, in Montréal
(Dickinson 2014; Brault 1990, 19). At that time, industrial production becomes a significant growth
engine for Montréal’s economy (Linteau and Robert 1985, 210). In pre-industrial Montréal,
however, vitamin D deficiency might still have affected people depending on various
environmental factors such as their access to resources and their way of life (indoor, outdoor or
mixed) (Brickley, Moffat, and Watamaniuk 2014). In the first half of the 19" century, the
population of the city increases due to immigration (Linteau 2007, 65). Indeed, of approximately
9000 residents in 1800, the population increases to 23 000 inhabitants in 1825 and to 58 000 in
1852 (Linteau 2007, 65). English, Scottish and Irish people composed the majority of the
immigrants in 1831, a phenomenon that lasted for 35 years (Linteau 2007, 65). From the 1840s and
up to 1861, British immigration was gradually replaced by the rural French-Canadian immigration
as the main contribution to population growth (Linteau and Robert 1985, 212). During this period,
the city is overcrowded and water access and sewage are all inadequate since there is no planning

for litter deposition (Bradbury 1982; Brault 1990, 20). During the course of the 19th century,

32



epidemic diseases spread across the population, including smallpox, typhus, cholera, influenza,
yellow fever, plague, leprosy and tuberculosis (Cadotte 1990, 136). Cholera, transmitted by water,
milk or other food contaminated by sick people’s faeces, hits Montréal in 1832, 1849, 1851, 1852
and 1854, often after the arrivals by boat of infected people (Cadotte 1990, 137). As for the diet,
according to a study by Fyson (2008), it is composed of 40-60% of starchy foods among the
workers of the Lachine Canal (1822-1823), while the sources on two high-class anglophone
families (1816-1824) indicate a diet composed of 29 to 40% of starchy foods. Among starches,
bread constitutes 80 to 95% of the caloric intake for Lachine Canal workers (Fyson 2008, 76).

In light of all these historical sources, the present study will address the following research

questions:
1) What is the frequency and prevalence of pathological lesions and conditions among
the sampled individuals from 19" century St. Antoine cemetery, Montréal?
i1) How do pathological lesions and conditions affect the various categories (sex, age)

of the urban population sample from St. Antoine cemetery?

i) Is there a possible link between the occurrence and severity of vitamin D deficiency
episodes during infancy and the health deterioration occurring later in life?

v) Is there a temporal evolution within the St. Antoine cemetery of vitamin D

deficiency cases during infancy, in relation to the industrialization process?

To explore these issues, a detailed archaeological, osteological and palaeopathological profile
using macroscopic and radiographic analysis was completed, in parallel to a histological analysis
of dental tissues to assess the presence of vitamin D deficiency. The data will be analysed together
in order to investigate the possible impact of vitamin D deficiency during infancy, especially of a
severe type, on health deterioration and/or early death. Clinical studies tend to indicate a possible
link (Holick 2004; Bikle 2009; Baeke et al. 2010). Furthermore, spatial data, i.e. the depth of the
burials and the zone of the cemetery where they are situated (Ethnoscop 2012; 2014; 2016b; 2016a;
Arkéos 2018), will be added to the palaeopathological data to explore the evolution of the vitamin
D deficiency cases during infancy in relation to the industrialization process. The environmental
and sanitary deterioration over the course of the 19" century in Montréal could have increased the

number of cases of this metabolic disease (Bradbury 1982; Brault 1990, 20).
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2. Materials and methods

2.1 Skeletal and dental samples

The selected material for this study consists of 52 individuals from the 19%-century urban
cemetery of St. Antoine in Montréal (Québec, Canada). During the period of use of the cemetery,
55 000 people were buried on its grounds, many of them the victims of the cholera epidemics,
resulting in the cemetery being called the “cholera cemetery” (Ville de Montréal 2016). For more
than 50 years, it constituted the only burying ground of Catholics in Montréal, poor or wealthy,
which confers a significant historical importance to this cemetery (Ville de Montréal 2016). In the
years following the inauguration, the cemetery expands over the course of a decade (Ethnoscop
2012, 34). The distribution of the graves of the sampled individuals across the St. Antoine cemetery
is presented on Fig. 5. According to other archives of the Montréal Fabrique (1868), the cemetery
is divided in five areas that were inaugurated at different dates: areas 1 and 2 (1799), area 3 (1800),
area 4 (1807), area 5 (1812) and area 6 (1824) (Ethnoscop 2016b, 15). It seems that the opening of
a new area did not signify that the older areas ceased to be used (Arkéos 2018, 6). The limits
between the zones on Fig. 5 are approximative since they are drawn by the archaeological firm that
excavated the site (Ethnoscop 2012) based on the plan of the occupation of the grounds of the St.
Antoine cemetery (site BiFj-37) between 1799 and 1824, which does not have a scale. The Annexe
D presents a summary of various archaeological data associated with the sampled individuals, i.e.
areas of the burials within the cemetery, date of inauguration of the areas, bottom altitude of coffins
and artefacts recovered in association with the burials. This spatial data, i.e. the horizontal (area of
the burial within the cemetery) and vertical (bottom altitude of coffins) position of the burials in
the cemetery, will be used to assess the temporal evolution of vitamin D deficiency cases during
infancy in relation to industrialization (Ethnoscop 2012; 2014; 2016b; 2016a; Arkéos 2018).
Following the last episode of cholera epidemic, the St. Antoine cemetery is officially closed in
1854 (Ethnoscop 2012, 34). In 2009, 2012, 2014 and 2015, at least 244 burials in total with no
gravestones were excavated (Ethnoscop 2012; 2014; 2016b; 2016a; Arkéos 2018). While the exact
identity and origin of the recovered individuals are unknown, the Catholic nature of the cemetery
(Ville de Montréal 2016) limits the possibilities and tends to indicate mainly French-Canadian
ancestry, with also, possibly, Irish ancestry. The St. Antoine cemetery in the Province of Quebec
is also located at a latitude of 45°N (Gagnon et al. 2010, 820). This means that virtually no skin
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production of vitamin D occurs during winter, which might contribute to seasonal vitamin D

deficiency in the sampled individuals from the St. Antoine cemetery (Gagnon et al. 2010, 821).
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Figure 5. — Location of the burials under study (dots) (N=52) in relation to six areas inaugurated at
different dates for the cemetery St. Antoine. The data is superimposed on the land map of
Perrault (1867) (modified figure by I. Ribot from Ethnoscop (2016(a): maps 4 & 11),
Ethnoscop (2016(b): map 2) and Arkéos (2018: map 5).

A final sample of 52 individuals was selected according to the preservation of at least one of
the first permanent mandibular molars because the histological method, developed by D’Ortenzio
and colleagues (2016), will be used to assess the presence of vitamin D deficiency-related lesions
in the dentine. This type of tooth reflects approximately the first seven years of life and is easier to
extract without bone damage than the maxillary molars (AlQahtani, Hector, and Liversidge 2010).
Only the left ones were selected for standardization purposes, unless they were not well preserved,

in which case the right ones were sampled. We selected individuals for which sex was uncertain to
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expand our sample of individuals presenting at least one first permanent mandibular molar (n= 9).
Table 4 presents the state of preservation of the sampled individuals. The ACI (Anatomical
Conservation Index) of Dutour (1989), presented in Annexe A, was not applied to a few juveniles
(n=5) of our sample because the equation is not suitable for juvenile skeletons. Table 4 also presents
the composition of the sample according to sex, which was estimated using the methods presented
in Annexe B, and according to age-at-death, which was estimated using the methods presented in
Annexe C. Individuals were classified into six age categories early childhood (0-6 yrs.), late
childhood (6-10 yrs.), adolescence (10-17 yrs.), early adulthood (18-35 yrs.), adulthood (35-51 yrs.)
and late adulthood (51 yrs.+). There is a predominance of males in our sample. The age-at-death
distribution of the individuals in our sample is mainly composed of young adults. However, the
sample is still small and might be biased by the fact that only individuals with first permanent
mandibular molars were selected. Thus, older individuals with dental loss and younger individuals

with badly preserved skeletal and dental remains might be underrepresented in the sample.

ICA Sex Age-at-death
Bad (n=3, 5%) Female (n=11, 21%) Early childhood (n=1, 2%)
Poor (n=5, 10%) Likely Female (n=8, 15%) Late childhood (n=4, 7%)
Correct (n=13, 25%) Male (n=11, 21%) Adolescence (n=3, 6%)
Good (n=13, 25%) Likely Male (n=13, 25%) Early adulthood (n=31, 60%)
Very good (n=8, 15%) Undetermined (n=4, 8%) Adulthood (n=13, 25%)
Excellent (n=5, 10%) N.A. (n=5, 10%) Late adulthood (n=0, 0%)
N.A. (n=5, 10%)
Table 4. — Preservation state, sex and age-at-death composition of the 52 sampled individuals. The

Undetermined category refers to the adults whose sex could not be estimated due to
preservation issues, while the N.A. (Not Applicable) category concerns the juveniles whose

sex or ACI cannot be estimated.

2.2 Data recording

To assess the presence of vitamin D deficiency as well as other pathological lesions and
conditions in the sample, macroscopic observations were conducted on the whole skeleton. In this
study, pathological lesions are responses in the bones and/or teeth to a disease or a wound (Thomas
1985). By themselves, they can be aetiologically non-specific or pathognomonic, i.e. specifically

indicative of a certain pathological condition (Buikstra and DeWitte 2019, 15; Stevenson and
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Lindberg 2015). Pathological conditions are defined in this study as abnormal physical disorders
that can be estimated by a set of pathological lesions (Buikstra and DeWitte 2019, 15). They can
be associated to a disease or be non-specific (Klaus and Lynnerup 2019, 64; Kumar et al. 2014;
Kent 2007). The descriptive data of the abnormal bone and dental lesions were recorded in an Excel
sheet according to seven criteria recommended by the Guidance on recording palaeopathology
(abnormal variation) (Roberts 2017) in Updated Guidelines to the standards for recording human
remains (Mitchell and Brickley 2017) (Table 5).

Recording criteria for palacopathological lesions
1.Bone/tooth affected (including the side)
2.Part of the bone/tooth and aspect

3.Nature of the lesion (formation or destruction of bone, destruction of the tooth structure or destruction of
alveolar bone)

4.Nature of bone formation: « woven » (porous, disorganized and indicating an active pathology at the time of
death) or lamellar (soft and organized, indicating a healed lesion and chronic or in the process of healing)
5.Presence or absence of healing signs (ex. Round margins of the lesion)
6.Distribution model of the lesions if more than one bone/tooth is involved
7.Measure and comparison of the abnormality with the normal side

Table 5. — Seven recording criteria for palacopathological lesions (Roberts 2017).

The visual recording of the pathological lesions allowed to summarize their distribution on the
skeletons using a digital skeleton form achieved with the software GIMP (Gutierrez 2017) (Annexe
E).

Table 6 presents various pathological lesions and conditions recorded in this study following a
differential diagnosis based on the evaluation of the two basic variables previously analysed, i.e.
the types of abnormalities and the distribution of the abnormalities within the skeleton (Ortner
2011, 5). This information was afterwards compared with descriptions of known pathological
lesions and pathological conditions, to assess which are present (Annexes F-L) (Klaus and
Lynnerup 2019, 81). As for the terminology used to indicate the degree of certainty of differential
diagnosis in palaeopathology, the Modified Istanbul Protocol was chosen for this research

(Appleby, Thomas, and Buikstra 2015).

Pathological lesions References Pathological conditions References
Dental calculus Kinaston et al. Dental caries Kinaston et al. 2019
2019
Linear enamel hypoplasia El-Najjar, Desanti, Intervertebral disk Adams and Roughley
(LEH) and Ozebek 1978;  disease (IVD) 2006; Waldron 2019
King, Humphrey,
and Hillson 2005
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Patty Stuart-
Macadam 1991;
Naveed et al. 2012

Porotic hyperostosis El-Najjar et al. Non-specific joint
1976, Mann and disease
Hunt 2013

Hershkovitz et al.
2002; Lewis 2004

Faccia and
Williams 2008

Schmorl’s nodes Non-specific infection

Alves-Cardoso and
Assis 2018

Rickets and Residual
Rickets

Tumour

Sinusitis

Osteochondritis
dissecans

Waldron 2019

Waldron 2019

Redfern and Roberts
2019

Roberts 2019; Davies-
Barrett, Antoine, and
Roberts 2019

Roberts and Buikstra
2019; Davies-Barrett,
Antoine, and Roberts
2019; Lewis 2004,
Mann and Hunt 2013
Brickley, Mays, and
Ives 2007; Brickley et
al. 2018; Roberts and
Buikstra 2019

Geber and Murphy
2012; Schattmann et al.
2016

Marques 2019
Roberts and Buikstra
2019

Lewis, Roberts, and
Manchester 1995;
Roberts 2007; 2019

Anderson 2001;
Vikatou, Hoogland, and
Waters-Rist 2017

Table 6. —

Pathological lesions and conditions recorded in the 52 sampled individuals.

Bones that presented macroscopic lesions that needed to be confirmed for diagnosis were

radiographed (for example, bones presenting abnormal curvature, shape, fractures or abnormal

growths). The bones were placed at a distance of 70 cm from the X-ray beam and exposed to 8 to

10 pulses depending on the density of the bone and the lesion to observe.

Since it is advisable to take pictures of the tissue in all angles before undertaking a

destructive process, photographs of the teeth were taken at the AnthropoLab3D, Université de

Montréal (Jean-Baptiste Lemoine, Alexandre Bisson and Diane Martin-Moya), and used to produce

a 3D model with the Metashape software.

The dental samples were prepared histologically according to the method developed by

D’Ortenzio and colleagues (2016) in order to assess the presence or absence of IGD. Prior to
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sectioning the teeth using a low-speed saw, the dental tissues were embedded in epothin resin. The
dental slides were fixed on a microscope slide using UV activated resin and polished using 400 and
1200 grit paper on an automatic polisher until the sample had a thickness of only 0.3 to 0.4 mm.
Microscopic analysis of the dental sample was done using a transmitted light microscope (100X

magnification) attached to a digital camera.

Four criteria were recorded per individual: the presence or absence of IGD (including and
excluding degree 1), the number of IGD episodes (total and observable), the severity of each IGD
episode, the age of onset of each IGD episode and the presence or absence of in utero IGD episodes.
The data was recorded by Rose-Ann Bigué (RAB), the novice observer, as well as by Megan
Brickley (MB) and Bonnie Kahlon (BK), the experienced observers. The observations were

compared to obtain a final assessment.

The presence or absence of IGD was noted according to the presence of interglobular spaces
following incremental lines and patches of disorganized spaces were considered developmental
(DIGD) (Fig. 6) (D’Ortenzio, Kahlon, et al. 2018, 102—3; Avery 2002). The presence or absence
of IGD was recorded according to the presence or absence of IGD episodes during infancys, i.e. in
the crown portion of the tooth which forms during early childhood (AlQahtani, Hector, and
Liversidge 2010). When too much dental wear, diagenesis or post-mortem breakage prevented
proper observation of IGD, it was categorized as not observable (N.O.). The number of vitamin D
deficiency episodes was recorded according to the number of bands of interglobular spaces
following incremental lines present in the dentine (Veselka et al. 2019, 124). Individuals presenting
too much dental wear, diagenesis, post-mortem breakage, or incomplete tooth formation, thus
impairing proper observation of the total number of IGD episodes that could have occurred, were
classified as N.O. The degrees of IGD were scored according to the severity of the phenomenon
(Table 7, Fig. 6). Half scores were used (ex. 1.5) when the severity was situated between two

categories of degrees.
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Grade

Grade 0

Grade 1

Grade 2

Grade 3

Interglobular spaces

Description

Normal: no interglobular
spaces

Dentine is homogeneous;

interglobular dentine is
absent

Minimal interglobular
spaces (IGD-).

Interglobular spaces
present but small; spaces
are <25% relative to
surrounding normal
dentine

Moderate interglobular
spaces (IGD+).

Interglobular spaces
moderately large and more
numerous than grade 1;
spaces are 25-50% relative
to surrounding normal
dentine

Large interglobular
spaces (IGD++)

Interglobular spaces are
large and very numerous
with a clear scalloped or
bubbled appearance;
spaces are >75% relative
to surrounding normal
dentine

Defect in dentine Absent Mild Moderate Severe
mineralization
Table 7.— Scoring system for IGD (interglobular dentine) (D’Ortenzio et al. 2016).

Figure 6. — From left to rigt: grade 0 of IGD, homogenous dentine (22A-S16), grade 1, IGD <25%
(20D-S14), grade 2, IGD 25-50% (17Z-S7), grade 3, >75% (30R-S7), developmental IGD
(DIGD) (21U-S6) (D’Ortenzio et al. 2016) (Photos by Rose-Ann Bigug).

As for the age of onset of each IGD episode and the presence or absence of in utero IGD
episodes, the approximate age of mineralization for the 1™ permanent mandibular molar using the
incremental pattern of growth was used, according to the data compilation by Brickley and
colleagues 2019 (Fig.7). The various age categories for onset of vitamin D deficiency episodes in
the 1™ permanent mandibular molar are presented in Fig.7. In utero and at birth episodes of IGD
were estimated by identifying the neonatal line in the enamel (Brickley, Kahlon, and D’Ortenzio
2019, 4; Schour 1936). This accentuated microstructure separates the enamel and dentine
developed in utero from the dental tissue formed after birth (Brickley, Kahlon, and D’Ortenzio
2019, 4). It can be localized in enamel as a dark, sharp band that is larger than the rest of the
incremental growth lines in enamel (Brickley, Kahlon, and D’Ortenzio 2019, 4; Eli, Sarnat, and
Talmi 1989). In dentine, while not always obsel1/06/2021 19:21:00rvable depending on the
thickness of the histological slide or the presence of IGD, the neonatal line is characterized by a

narrow white line equidistant from the dentino-enamel junction (DEJ) and the neonatal line in
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enamel (see Fig.7, dotted blue line) (Brickley, Kahlon, and D’Ortenzio 2019, 4). The final
assessment of the ages of onset was decided according to the observations of BK, more experienced

in the localization of the neonatal line in the enamel.
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Figure 7. — Ages of mineralization for the first permanent mandibular molar. Enamel = white,

|

dentine= grey, AC= apical closure, black dotted line= neonatal line in the enamel, green
zone= in utero IGD episode, blue dotted line=IGD episode at birth, yellow dotted line= IGD
episode at 1-1.5 years-old. Modified from Brickley, Kahlon, and D’Ortenzio (2019).

2.3 Statistical analysis

Fisher’s test was used to explore the links between pathological lesions, conditions and the
demographic parameters (age, sex). Because of small sample size, age groups were subdivided in
only two groups (i.e. nonadults, adults), as were sex groups (i.e. female/likely female, male/likely
male). The age groups for onset of IGD episodes are treated differently (Fig. 7), since these are
events that happened during the life of the individuals. As for IGD, the statistical analysis was
conducted including and excluding the degree 1, to assess if there might be a difference in the
results when exclusively considering the more severe degrees (i.e. more than degree 1). The

conventional line is drawn at a p-value below 0.05 for a significant association between
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characteristic and outcome (Biau, Jolles, and Porcher 2010, 886). Fisher’s test is appropriate in
2X2 tables with small sample sizes and when one of the four cells has fewer than five observations
(UCLA Statistical Consulting Group 2020a; 2020b). This test was selected because of the small
size of our sample and the inability, in some cases, to conduct tests using several sub-categories of

variables with more than five observations.

3. Results

3.1 Frequency and severity of the various pathological lesions and conditions

Annexe M presents all the observations with the individual skeletal forms including various
detailed information (i.e. ACI, age-at-death, sex, description of the lesions, differential diagnosis).
Annexe N also presents a summary of the differential diagnosis combined with the individuals’
code, age-at-death, sex, ACI and histological data. The possible link between various pathological

lesions, conditions and demographic parameters (age group, sex) are tested below.

3.1.1 Relationship between pathological lesions and various factors (age and sex groups)
Table 8 shows the frequency of pathological lesions according to sex (the undetermined and
N.A. categories were not taken into account for the statistical test). According to the results, no

pathological lesion is associated with sex.

Dental LEH Cribra orbitalia Porotic Endocranial  Osteophytes  Schmorl’s
calculus hyperostosis lesions nodes
P A P A P A P A P A P A P A
Female/likely 5 14 1 18 1 18 1 18 4 15 3 16 3 16
female
Male/likely 14 10 2 22 5 19 1 23 1 23 7 17 9 15
male
Total 19 24 3 40 6 37 2 41 5 38 10 33 12 31
p-value* 0.063 1.000 0.205 1.00 0.153 0.470 0.174
Odds ratio 0.255 0.611 0.211 1.278 6.133 0.455 0.313
Significant No No No No No No No
Table 8. — Frequency of pathological lesions (P = present, A= absent) according to sex (Fisher’s

tests) (n=43).

a significant p value below 0.05.
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According to the results (Table 9), cribra orbitalia is the only pathological lesion to be
significantly associated with age (p-value of 0.004, odds ratio value of 13.000). In fact, it is

predominant among nonadults’ category (5/8).

Dental LEH Cribra Porotic Endocranial  Osteophytes  Schmorl’s

calculus orbitalia hyperostosis lesions nodes

P A | A P A | A P A | A P A
Nonadults 1 7 1 7 5 3 0 8 1 7 0 8 1 7
Adults 21 23 4 40 5 39 2 42 4 40 10 34 11 33
Total 22 30 5 47 10 42 2 50 5 47 10 42 12 40
p-value® 0.118 1.000 0.004 1.000 1.000 0.328 0.663
Odds ratio 0.156 1.429 13.000 1.048 1.429 1.294 0.429
Significant No No Yes No No No No

Table 9. — Frequency of pathological lesions (P= present, A= absent) according to two age groups

(Fisher’s tests) (N=52).

a Significant p-value below 0.05.

Relationship between pathological skeletal lesions that may occur in vitamin D deficiency cases
and demographic parameters (age, sex)
According to Fisher’s tests, no link was found between the pathological skeletal lesions

that may occur in vitamin D deficiency cases and sex (Table 10).

Pathological lesions that may occur in vitamin D deficiency cases

Skull Long bones
Cranial vault Orbital roof  Cranial vault Bending Coxa vara
porosity porosity thickening deformity

P A P A P A P A P A
Female/likely 1 18 1 18 0 19 0 19 0 19
female
Male/likely male 1 23 5 19 1 23 1 23 1 23
Total 2 41 6 37 1 42 1 42 1 42
p-value? 1.000 0.205 1.000 1.000 1.000
Odds ratio 1.278 0.211 1.043 1.043 1.043
Significant No No No No No

Table 10. — Frequency of specific and non-specific pathological lesions that may occur in vitamin D

deficiency cases according to sex (Fisher’s tests) (n=43).

a Significant p-value below 0.05
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Except for orbital roof porosity, no link was found between the pathological lesions that may

occur in vitamin D deficiency cases and the age groups (Table 11).

Pathological lesions that may occur in vitamin D deficiency cases

Skull Long bones
Cranial vault Orbital roof  Cranial vault Bending Coxa vara
porosity porosity thickening deformity

P A P A P A P A P A
Nonadults 0 8 5 3 0 8 1 7 0 8
Adults 2 42 5 39 1 43 1 43 1 43
Total 2 50 1 51 2 50 1 51
p-value? 1.00 0.004 1.000 0.287 1.000
Odds ratio 1.048 13.000 1.023 6.143 1.023
Significant No Yes No No No

Table 11. — Frequency of specific and non-specific pathological lesions that may occur in vitamin D

deficiency cases according to two age groups (Fisher’s tests) (N=52).

a Significant p-value below 0.05

3.1.2 Relationship between pathological conditions and age and sex

Table 12 presents the frequency of pathological conditions according to sex along with the

Fisher’s tests. The results indicate that there is a significant relationship between biological sex and

OA, the p-value between the presence of OA and male sex being 0.012 and the odds ratio 1.412.
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P A P A P A P A P A P A P A P A P A P A P A P A P A P A
Female/ 4 15 0 19 0 19 1 18 6 13 6 13 5 14 0 19 0 19 0 19 0 19 0 19 1 18 2 17
likely
female
Male/likely 10 14 4 20 7 17 0 24 10 14 3021 4 20 1 23 1 23 1 23 0 24 2 22 1 23 1 23
male
Total 12 26 4 39 7 36 1 4 16 27 9 34 9 34 1 42 1 42 1 42 0 43 2 41 2 41 340
p-value® 0.199 0.118 0.012 0.442 0.542 0.153 0.477 1.00 1.000 1.000 0.495 1.000 0.575
Odds ratio 0.373 1.200 1.412 0.947 0.646 3.231 1.786 1.043 1.043 1.043 1.091 1.278 2.706
Significant No No Yes No No No No No No No No No No

Table 12. — Frequency of pathological conditions (P= present, A= absent) according to sex (Fisher’s
tests) (n=43).

a Significant p-value below 0.05
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Table 13 presents the frequency of pathological conditions according to two age groups and
the results of Fisher’s test. Only the non-specific joint disease category presents a significant

association with the adults age group (p-value of 0.042, odds ratio of 1.630).
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P A P A P A P A P A P A P A P A P A P A P A P A P A P A
Nonadults 3 5 0 8 0 8 0 8 0 8 1 7 2 6 0 8 0 8 0 8 1 7 0 8 2 6 0 8
Adults 15 29 5 39 8 36 1 43 17 27 9 35 9 35 1 43 1 43 1 43 0 44 2 42 2 42 3 41
Total 18 34 5 47 8 44 1 51 17 35 10 42 11 41 1 51 1 51 1 51 1 51 2 50 4 48 349
p-value® 1.00 1.000 0.330 1.000 0.042 1.000 1.000 1.00 1.000 1.000 0.154 1.000 0.107 1.000
Odds ratio 1.160 1.128 1.222 1.023 1.630 0.556 1.296 1.023 1.023 1.023 0.875 1.048 7.000 1.073
Significant No No No No Yes No No No No No No No No No

Table 13. — Frequency of pathological conditions (P= present, A= absent) according to two age groups
(Fisher’s tests) (N=52).

a Significant p-value below 0.05

3.2 Microscopic analysis of the teeth: identification of IGD, indicative of vitamin

D deficiency

The frequency of IGD, the number of IGD episodes (total and observable), the degree of
severity of each IGD episode, the age of onset of each IGD episode and the frequency of in utero
IGD episodes for each individual are presented in Annexe N, along with other information

(individuals’ code, ACI, sex, age-at-death, differential diagnosis).

3.2.1 Recording of the data according to various observers

Overall, the three observers were in agreement concerning the presence or absence of IGD.
The identification of the observable number of IGD episodes varied between observers, RAB and
MB tending to identify multiple episodes, while BK tended to record single, longstanding IGD
episodes. The recording of the total number of IGD episodes was mostly impaired by diagenesis
and dentine chipping in the roots. The degrees of IGD varied greatly between the observers,

although RAB and MG tended to be in agreement. As for the ages of onset and the presence or
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absence of in-uterine IGD episodes, BK’s assessment was selected as the reliable one, since the

localization of the neonatal line in the enamel requires more experience.

3.2.2 Frequency and prevalence of IGD

Table 14 presents the final results regarding IGD, i.e. presence or absence of IGD (including
and excluding degree 1), number of IGD episodes (total and observable), degree of severity of each
IGD episode, age of onset of each IGD episode and presence or absence of in utero IGD episodes.
Out of the 52 sampled individuals, one (20Z-S5) presents diagenesis on the totality of the dentine
surface and was thus excluded in all statistical analysis. Another individual, 25C-S94, presents
diagenesis in parts of the crown’s dentine and was excluded from the statistical analysis when
excluding the degree 1 of IGD. Seventy-five percent of the individuals (39/52) present IGD
(degrees 1-3) during infancy but this percentage decreases to 44% (23/52) when excluding the
degree 1 of IGD and only considering more severe cases. The total number of IGD episodes could
only be observed for 4 individuals since diagenesis and dentine chipping in the roots impaired
proper visualization. As for the observable number of IGD episodes, 56% of the individuals (29/52)
present only 1 episode of IGD during infancy, 15% (8/52) 2 episodes, 2% (1/52) 4 episodes, 23%
(12/52) no episode at all and 4% (2/52) are N.O. Fifty-six percent (29/52) of the individuals present
longstanding episodes of IGD, ranging from in utero to up to 4 years. Twelve percent (6/52) of the
individuals present in utero IGD and 63% (33/52) present IGD episodes occurring at or from birth

to up to 3 years of age.

Individual Histology
IGD 1GD NIGD NIGD Grade Age of onset In utero
(degrees  (excluding episodes episodes episodes
1to 3) degree 1) (total) (observable)
P P N.O. 2 Episode 1: grade 1  Episode 1: around

Episode 2: grade 2 birth
Episode 2: around 1.5

10A-S3 (1) yIS. No
P A N.O. 1 Episode 1: grade 1  Episode 1: less than 1
11A-S3 VyI. No
P P N.O. 2 Episode 1: grade 2 Episode 1: in utero to
around 1 yr.
Episode 2: grade 2  Episode 2: around 2
11F-S1 YIS. Yes
P A N.O. 1 Episode 1: grade 1  Episode 1: around
11F-S3 birth No
11F-S6 A A N.O. N.A. N.A. N.A. No
P P N.O. 2 Episode 1: grade2  Episode 1: in utero to
Lyr
17A-S1 Episode 2: grade 1  Episode 2: c. 2 yrs. Yes
P A N.O. 1 Episode 1: grade 1 ~ Episode 1: around 1.5
17Z-51 yIS. No
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N.A.
N.A.

N.A.

Episode 1: grade 2

Episode 1: grade
2.

Episode 2: grade 1
Episode 1: grade 1

Episode 1: grade
2.

Episode 2: grade 1
Episode 1: less
than grade 1
Episode 1: grade 1

Episode 1: grade 1

N.A.

N.A.

Episode 1: grade
1-2

N.A.

N.O.

Episode 1: less
than 1-1

Episode 1: grade 2

Episode 1: grade
less than 1-1

N.A.

Episode 1: grade 2

Episode 1: grade 1

N.A.
N.A.
N.A.

Episode 1: grade
1-2

Episode 1: grade
1-2

Episode 1: grade 1

Episode 1: grade 2
Episode 1: grade 1

N.A.
Episode 1: grade 1

Episode 1: grade
1-2.

Episode 2: grade
l.

Episode 3: grade
l.

Episode 4: grade 2

N.A.
Episode 1: grade 2

Episode 1: birth to
around 2 yrs.

Episode 1: near birth
Episode 2: around 1.5
yIS.

Episode 1: around 1-
2.5 yrs.

Episode 1: birth
Episode 2: around 3
yIS.

Episode 1: 3 yrs.
Episode 1: birth to
around 2 yrs.
Episode 1: birth to
about lyr.

N.A.

N.A.

Episode 1: birth to
around 2.5 yrs.

N.A.

N.O.

Episode 1: birth to
around 1 yr.
Episode 1: in utero to
about 2 yrs.

Episode 1: around 1
yr.

N.A.

Episode 1: birth to
around 1 yr.
Episode 1: in utero to
about 1 yr.

N.A.

N.A.

N.A.

Episode 1: birth to
around 3 yrs.
Episode 1: birth to 1.5
yIS.

Episode 1: birth to
around 1.5 yrs.
Episode 1: around
birth to 1 yr.
Episode 1: close to
birth to less than 1 yr.
N.A.

Episode 1: birth to
around 2 yrs.
Episode 1: birth to c.
1.5 yrs.

Episode 2: around 5
yIS.

Episode 3: around 7
yIS.

Episode 4: around 9
yIS.

N.A.

Episode 1: birth to
around 2 yrs.



A A N.O. N.A. N.A.

25C-S61 N.A. No
P P 1 1 Episode 1: grade2  Episode 1: birth to
25C-S64 around 1.5 yrs. No
P P N.O. 2 Episode 1: grade Episode 1: birth to
1.5 around 2 yrs.
Episode 2: grade
1.5 Episode 2: around 4
25C-S65 yIS. No
P P N.O. 2 Episode 1: grade2  Episode 1: birth to 1.5
yIS.
Episode 2: grade2  Episode 2: around 2
25C-S71 yIS. No
P P N.O. 1 Episode 1: grade Episode 1: around
1.5 birth
25C-S72 No
P P N.O. 1 Episode 1: grade2  Episode 1: birth to
25C-S73 around 2.5 yrs. No
P A N.O. 1 Episode 1: grade 1  Episode 1: around
25C-S94 birth to 1.5 yrs. No
26B-S23 A A N.O. N.A. N.A. N.A. No
P P N.O. 1 Episode 1: grade 2  Episode 1: birth to
29L-S11 around 1 yr. No
P P N.O. 1 Episode 1: grade Episode 1: in utero to
30B-S1 1.5 1 yr. Yes
P P 1 1 Episode 1: grade2  Episode 1: around
30D-S5 birth to less than 1 yr. ~ No
P P N.O. 1 Episode 1: grade 3  Episode 1: in utero to
30R-S7 around 4 yrs. Yes
P A N.O. 1 Episode 1: grade Episode 1: birth to
8V-S9 1.5 around 2 yrs. No
P A N.O. 2 Episode 1: grade 1  Episode 1: around 2
Episode 2: grade 1  yrs. Episode 2: around
IM-S2 4 yrs. No

Table 14. — Recording of IGD in the 52 sampled individuals. P= present, A= absent, N.O.= not
observable, N.A.= not applicable.

3.2.3 IGD and demographic parameters

The results indicate that there is no correlation between IGD and sex or age groups (Tables 15-16).

IGD
Present Absent

Sex
Female/likely female 15 4
Male/likely male 21 3
p-value? 0.680
Odds ratio 0.536
Significant No

Table 15. — Frequency of IGD (including degree 1) according to sex and Fisher’s test (n=43).

a Significant p-value below 0.05
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IGD

Present Absent
Age-at-death
Nonadults 5 2
Adults 34 10
p-value® 0.662
Odds ratio 0.735
Significant No

Table 16. — Frequency of IGD (including degree 1) according to two age groups and Fisher’s test

(n=51).

a Significant p value below 0.05

To verify if the degree of severity could impact the possible correlation between IGD and

sex, only individuals presenting at least one episode of IGD higher than degree 1 were considered.

However, the results in Tables 17 and 18 indicate that there is still no significant association.

IGD
Present Absent

Sex
Female/likely female 6 13
Male/likely male 14 9
p-value? 0.072
Odds ratio 0.297
Significant No

Table 17. — Frequency of IGD (excluding the degree 1) according to sex and Fisher’s test (n=42).

a Significant p-value below 0.05

IGD
Present Absent

Age-at-death
Nonadults 4 3
Adults 19 24
p-value® 0.689
Odds ratio 1.684
Significant No

Table 18. — Frequency of IGD (excluding the degree 1) according to two age- groups and Fisher’s test

(n=50).

a Significant p-value below 0.05
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The frequency of prenatal IGD according to sex and age-at-death was also assessed,

including and excluding the degree 1 of IGD, revealing no statistical link (Tables 19-20).

Prenatal IGD
Present (degrees 1-  Absent (degrees 1-3) Present Absent
3) (excluding (excluding
degree 1) degree 1)

Sex
Female/likely female 1 18 0 19
Male/likely male 4 20 4 20
p-value® 0.363 0.118
Odds ratio 0.278 1.200
Significant No No

Table 19. — Frequency of prenatal IGD (including and excluding degree 1) according to sex and
Fisher’s test (n=43)

a Significant p-value below 0.05

Prenatal IGD
Present (degrees 1-  Absent (degrees 1-3) Present Absent
3) (excluding (excluding
degree 1) degree 1)

Sex
Nonadults 2 5 2 5
Adults 4 40 3 41
p-value® 0.186 0.133
Odds ratio 4.000 5.467
Significant No No

Table 20. — Frequency of prenatal IGD (including and excluding degree 1) according to age-at-death
and Fisher’s test (n=51).

a Significant p-value below 0.05

3.2.4 IGD and pathological lesions or pathological conditions: testing the possible link

Pathological lesions

No significant correlation was observed between IGD and seven pathological
lesions (Table 21), even when excluding the degree 1 of IGD. The exceptions are dental calculus
and the presence of IGD (including degree 1) with a p-value of 0.048, odds ratio of 5.263 and linear
enamel hypoplasia and the presence of IGD (excluding the degree 1) with a p-value of 0.016, odds

ratio of 2.50. These results indicate that even though a significant link between the “nonadults” age
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group and cribra orbitalia was found, the individuals presenting cribra orbitalia don’t seem to
present more severe episodes of IGD. Table 22 presents the results for pathological lesions and the

presence or absence of prenatal IGD (including and excluding degree 1), revealing no statistical

link.

Interglobular dentine (IGD) Interglobular dentine (IGD)

Present  Absent p- Odds ratio  Significant Present Absent p- Odds Significant

(degree  (degree value® (excluding (degree  value® ratio

1to3) 0) degree 1) Oorl)
Dental calculus
Present 20 2 0.048 5.263 Yes 11 10 0.567 1.558 No
Absent 19 10 12 17
LEH
Present 5 0 0.323 1.353 No 5 0 0.016  2.500 Yes
Absent 34 12 18 27
Cribra orbitalia
Present 6 3 0.424 0.545 No 4 5 1.000  0.926 No
Absent 33 9 19 22
Porotic
hyperostosis
Present 2 0 1.000 1.324 No 2 0 0.207  2.286 No
Absent 37 12 21 27
Endocranial
lesions
Present 5 0 0.323 1.353 No 1 4 0.357  0.261 No
Absent 34 12 22 23
Osteophytes
Present 10 0 0.092 1.414 No 7 3 0.155 3.500 No
Absent 29 12 16 24
Schmor!’s nodes
Present 11 1 0.250 4.321 No 7 5 0.508 1.925 No
Absent 28 11 16 22

Table 21. — Frequency of IGD (including (n=51) and excluding (n=50) degree 1) according to
pathological lesions, and Fisher’s tests.

a Significant p-value below 0.05

Prenatal (IGD) Prenatal (IGD)

Present  Absent p- Odds ratio  Significant Present Absent p- Odds Significant

(degree  (degree value® (excluding  (degree  value® ratio

1to3) 0) degree 1) Oorl)
Dental calculus
Present 3 19 1.000 1.368 No 2 20 1.000  0.867 No
Absent 3 26 3 26
LEH
Present 0 5 1.000 1.150 No 0 5 1.000 1.122 No
Absent 6 40 5 41
Cribra orbitalia
Present 2 7 0.284 2.714 No 2 7 0.209  3.714 No
Absent 4 38 3 39
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Porotic

hyperostosis

Present 0 2 1.000 1.140 No 0 2 1.000 1.114 No
Absent 6 43 5 44

Endocranial

lesions

Present 0 5 1.000 1.150 No 0 5 1.000 1.122 No
Absent 6 40 5 41

Osteophytes

Present 3 7 0.081 5.429 No 2 8 0.250 3.167 No
Absent 3 38 3 38

Schmor!’s nodes

Present 1 11 1.000 0.618 No 1 11 1.000  0.795 No
Absent 5 34 4 35

Table 22. — Frequency prenatal IGD (including and excluding degree 1) according to pathological

a Significant p-value below 0.05

lesions, and Fisher’s tests (n=51).

Pathological skeletal lesions that may occur in vitamin D deficiency cases

Furthermore, it is tested here whether pathological skeletal lesions that may occur in vitamin

D deficiency cases are correlated with the presence of IGD (including and excluding degree 1) and

the presence of prenatal IGD (including and excluding degree 1). However, Tables 23 and 24

indicate that there is no significant link between the skeletal and histological observations related

to vitamin D deficiency.

Interglobular dentine (IGD)

Interglobular dentine (IGD)

Pathological lesions that may  Present Absent p- Odds Significant Present Absent p- Odds Significant
occur in vitamin D deficiency  (degree (degree  value? ratio (excluding (degree  value? ratio
cases 1to3) 0) degree 1) Qorl)
Cranial vault
porosity
Present 2 0 1.000 1.324 No 2 0 0.207 2.286 No
Absent 37 12 21 27
Orbital roof
porosity
Present 6 3 4.24 0.545 No 4 5 1.000 0.926 No
Absent 33 9 19 22
Cranial vault
thickening
Present 1 0 1.000 1.316 No 1 0 0.460 2227 No
Absent 38 12 22 27
Long Bending
bones deformity
Present 1 1 0.419 0.289 No 1 1 1.000  1.182 No
Absent 38 11 22 26
Coxa vara
Present 1 0 1.000 1.316 No 1 0 0.460 2227 No
Absent 38 12 22 27

Table 23. — Frequency of IGD (including (n=51) and excluding (n=50) degree 1) according to

pathological lesions that may occur in vitamin D deficiency cases and Fisher’s tests.

a Significant p-value below 0.05
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Prenatal IGD Prenatal IGD

Pathological lesions that may Present  Absent p- Odds Significant Present Absent p- Odds Significant
occur in vitamin D deficiency (degree  (degree  value®  ratio (excluding  (degree  value® ratio
cases 1to 3) 0) degree 1) Oorl)
Cranial vault
porosity
Present 0 2 1.140 1324 No 0 2 1.000 1.114 No
Absent 6 43 5 44
Orbital roof
porosity
Present 2 7 0.284 2.714 No 2 7 0.209 3.714 No
Absent 4 38 3 39
Cranial vault
thickening
Present 0 1 1.000  1.136 No 0 1 1.000 1.111 No
Absent 6 44 5 45
Long Bending
bones deformity
Present 1 1 0.224  8.800 No 1 1 0.188  11.250 No
Absent 5 44 4 45
Coxa vara
Present 0 1 1.000  1.316 No 0 1 1.000 1.111 No
Absent 6 44 5 45

Table 24. — Frequency of prenatal IGD (including and excluding degree 1) according to pathological

lesions that may occur in vitamin D deficiency cases and Fisher’s tests (n=51).

a Significant p-value below 0.05

Various pathological conditions

Table 25 also shows no significant link between the presence or absence of IGD (including
and excluding degree 1) and pathological conditions, except for trauma (p-value 0.030, odds ratio
6.667). Indeed, when excluding the degree 1 of IGD, the results seem to indicate that several
individuals presenting trauma suffered from vitamin D deficiency during infancy (n= 8/10). Table
26 presents the results for the presence or absence of prenatal IGD (including and excluding degree

1) according to pathological conditions, revealing no statistical link.

Interglobular dentine (IGD) Interglobular dentine (IGD)
Present  Absent p- Odds Significant Present Absent p- Odds Significant
(degree  (degree  value® ratio (excluding (degree 0 value® ratio
1to3) 0) degree 1) or 1)
Dental caries
Present 15 3 0.502 1.875 No 8 9 1.000 1.067 No
Absent 24 9 15 18
Intervertebral
disk disease
Present 4 1 1.000 1.257 No 4 1 0.167 5.474 No
Absent 35 11 19 26
Osteoarthritis
Present 6 2 1.000 0.909 No 4 4 1.000 1.211 No
Absent 33 10 19 23
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Non-specific
joint disease

Present 15 2 0.293 3.125 No 10 7 0.239 2.198 No
Absent 24 10 13 20

Trauma

Present 10 0 0.092 1.414 No 8 2 0.030 6.667 Yes
Absent 29 12 15 25

Non-specific

infection

Present 8 3 0.706 0.774 No 4 6 0.736 0.737 No
Absent 31 9 19 21

Tuberculosis

Present 0 1 0.235 4.545 No 0 1 1.000 1.885 No
Absent 39 11 23 26

Rickets

Present 1 0 1.00 1.316 No 1 0 0.460 2.227 No
Absent 38 12 22 27

Residual rickets

Present 1 1 0.419 0.289 No 1 1 1.000 1.182 No
Absent 38 11 22 26

Scurvy

Present 2 1 0.561 0.595 No 1 2 1.000 0.568 No
Absent 37 11 22 25

Tumour

Present 2 1 0.561 0.595 No 2 1 0.588 2.476 No
Absent 37 11 21 26

Syphilis

Present 1 0 1.000 1.316 No 0 1 1.000 1.885 No
Absent 38 12 23 26

Sinusitis

Present 1 0 1.000 1.316 No 1 0 0.460 2.227 No
Absent 38 12 22 27

Osteochondritis

dissecans

Present 1 0 1.000 1.316 No 1 0 0.460 2.227 No
Absent 38 12 22 27

Table 25. — Frequency of pathological conditions according to IGD (including (n=51) and excluding
(n=50) degree 1) and Fisher’s tests.

a Significant p-value below 0.05

Prenatal IGD Prenatal IGD
Present  Absent p- Odds Significant Present Absent p- Odds Significant
(degree  (degree  value® ratio (excluding (degree 0 value® ratio
1to3) 0) degree 1) or 1)
Dental caries
Present 3 15 0.652 2.000 No 3 15 0.331 3.100 No
Absent 3 30 2 31
Intervertebral
disk disease
Present 1 4 0.480 2.050 No 1 4 0.416 2.625 No
Absent 5 41 4 42
Osteoarthritis
Present 0 8 0.572 1.162 No 0 8 0.580 1.132 No
Absent 6 37 5 38

Non-specific
joint disease
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Present 3 14 0.397 2.214 No 2 15 1.000 1.378 No

Absent 3 31 3 31

Trauma

Present 1 9 1.000 0.800 No 1 9 1.000 1.028 No
Absent 5 36 4 37

Non-specific

infection

Present 0 11 0.319 1.176 No 0 11 0.572 1.143 No
Absent 6 34 5 35

Tuberculosis

Present 0 1 1.000 1.136 No 0 1 1.000 1.111 No
Absent 6 44 5 45

Rickets

Present 1 0 0.118 10.000 No 1 0 0.098 12.500 No
Absent 5 45 4 46

Residual rickets

Present 0 2 1.000 1.140 No 0 3 1.000 1.116 No
Absent 6 43 5 43

Scurvy

Present 0 3 1.000 1.143 No 1 2 1.000 0.568 No
Absent 6 42 22 25

Tumour

Present 0 3 1.000 1.143 No 0 3 1.000 1.116 No
Absent 6 42 5 43

Syphilis

Present 0 1 1.000 1.136 No 0 1 1.000 1.111 No
Absent 6 44 5 45

Sinusitis

Present 1 0 0.118 10.000 No 1 0 0.098 12.500 No
Absent 5 45 4 46

Osteochondritis

dissecans

Present 0 1 1.000 1.136 No 0 1 1.000 1.111 No
Absent 6 44 5 45

Table 26. — Frequency of pathological conditions according to prenatal IGD (including and excluding
degree 1) and Fisher’s tests (n=51).

a Significant p-value below 0.05
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3.2.5 Temporal evolution of vitamin D deficiency in the St. Antoine cemetery

Figure 8 and figure 9 present the presence of IGD, including and excluding the degree 1,
respectively, and absence of IGD recorded in the sampled individuals according to the bottom
altitude of coffins (meters, above mean sea level) and the area of burial within the cemetery. The
bottom altitude of coffin of one individual is unknown. It is difficult to assess whether there really
is an increase in the number of IGD cases during infancy in the zones 1 and 5 because of the very
small sample size in the lower altitudes (33-34 m abmsl). Overall, the results tend to indicate a
decrease in the number of IGD cases during infancy with time. Figure 10 presents the distribution

of IGD cases according to the severity across the excavated areas of the St. Antoine cemetery.
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Figure 8. — Frequency of individuals presenting IGD (including degree 1), according to the bottom

altitude of coffins (meters, amsl) (n= 50).
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Figure 9. — Frequency of individuals presenting IGD (excluding degree 1), according to the bottom
altitude of coffins (meters, amsl) (n= 49).
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Figure 10. — Location of the burials under study (dots) (N=52) in relation to six areas inaugurated at
different dates for the cemetery St. Antoine. Individuals presenting a degree 1 of IGD are
green dots, a degree 1.5-3 are red dots and no IGD are black dots. The data is superimposed
on the land map of Perrault (1867) (modified figure by I. Ribot from Ethnoscop (2016(a):
maps 4 & 11), Ethnoscop (2016(b): map 2) and Arkéos (2018: map 5).

4. Discussion

This palaeoepidemiological and palaeopathological analysis of 52 sampled individuals from
the largest 19""-century Catholic cemetery in Montréal provides a preliminary portrait of the health
status during the transition to the industrial era (Ville de Montréal 2016). The results of this study
are discussed below, first according to the preliminary methodological aspects and then according

to the main research objectives, focused on the following questions:

1) What is the frequency and prevalence of pathological lesions and conditions among

the sampled individuals from 19" century St. Antoine cemetery, Montréal?
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i1) How do pathological lesions and conditions affect the various categories (sex, age)
of the urban population sample from St. Antoine cemetery?

i) Is there a possible link between the occurrence and severity of vitamin D deficiency
episodes during infancy and the health deterioration occurring later in life?

v) Is there a temporal evolution within the St. Antoine cemetery of vitamin D

deficiency cases during infancy, in relation to the industrialization process?
4.1 Preliminary methodological aspects

Observers discrepancies

Concerning the discrepancies between the various recordings of degrees of IGD, a possible
explanation would be as follows: it is difficult to systematically apply the various degrees of IGD
to the observations of the lesions, since it is subjective and based on a visual assessment. As for the
differences in the recording of the observable number of IGD episodes, longstanding IGD episodes
are sometimes difficult to assess, depending on the thickness of the IGD bands, and require more
experience to properly identify them. This explains why BK, the most experienced observer,

recorded more longstanding episodes while RAB and MB recorded mostly separate episodes.

4.2 Synthesis of the results in relation to the key questions

Table 27 presents the summary of the results associated with the recording of IGD. These
results indicate that the prevalence of vitamin D deficiency cases is underestimated when only
observing skeletal lesions. Indeed, when only taking into account rickets and residual rickets, the
prevalence in the sample is of 5.8% (3/52). The histological analysis thus reveals a more extensive

and comprehensive profile of vitamin D deficiency throughout the lives of the individuals.

Presence of IGD Maternal deficiency =~ Number of observable IGD Age of onset
episodes
75% (39/52) including 12% (6/52) present in ~ 56% (29/52) = 1 episode 63% (33/52) or 85%
degree 1, 44% (23/52) utero IGD 15% (8/52) = 2 episodes (33/39 individuals
excluding degree 1 2% (1/52) = 4 episodes presenting IGD) = at or
23% (12/52) = 0 episode from birth

4% (2/52) =N.O.

56% (29/52) = longstanding
episodes (from in utero to up
to 4 yrs.)

Table 27. — Main results about IGD (N=52). N.O.= not observable.
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Table 28 also summarizes the frequencies of pathological lesions and conditions in the 52
studied individuals. Differential diagnosis often remains hypothetical; thus, the frequencies
indicate possible pathological lesions and conditions. Dental pathological lesions are most frequent

in the sample, as well as non-specific joint diseases and infections among the recorded pathological

conditions.
Pathological n= Pathological n= Pathological n=
lesions conditions conditions
Dental calculus 22 Dental caries 18 Syphilis 1
LEH 5 IVD 5 Rickets 1
Cribra orbitalia 10 OA 8 Residual 2
rickets
Porotic 2 Osteochondritis 1 Scurvy 4
hyperostosis dissecans
Endocranial 5 Non-specific joint 17 Tumour 3
lesions disease
Osteophytes 10 Trauma 10
Schmorl’s nodes 12 Non-specific 11
infection
Tuberculosis 1
Sinusitis 1

Table 28. — Frequencies of pathological lesions and conditions in the 52 sampled individuals.

4.3 Mortality and sex: possible link to pathological lesions and conditions

First, the statistical analysis indicated that cribra orbitalia was predominant in the
nonadults, with 5 out of 8 juveniles presenting this type of lesion. This result concurs with other
palaeopathological studies indicating that higher frequencies of cribra orbitalia were noted in
children (Piontek and Kozlowski 2002). According to the results, OA is more likely to be found in
male individuals (7/17 for males, 0/19 for females). One of the main precipitants of OA is age,
since a positive correlation has been recorded between the prevalence of OA and increasing age
(Waldron 2019, 724; Felson et al. 2000). One male individual is 19-20 years-old, three are 20-29
years-old, one is +30 years-old and two are 30-59 years-old. A few younger male individuals thus
present OA. According to clinical studies on modern populations by Felson (2000), before 50 years
of age, male individuals are more likely to develop OA in most joints than women. The men
presenting OA in our sample are almost all likely to be under 50 years of age, as well as the women
not presenting OA (3/19 are 30-59 years-old, 1/19 is more than 40 years-old). This correlates to

sex-specific differences of OA recorded by clinical research (Felson et al. 2000). Statistical analysis
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revealed that non-specific joint diseases are more likely to be present in adult individuals (17/27

for adults, 0/8 for nonadults), which is congruent with the ageing process of joints (Waldron 2019).

According to the results of the statistical analysis, no correlation can be established between
the demographic parameters (sex, age-at-death) and the presence of IGD episodes during infancy
or only prenatal IGD episodes (including and excluding the degree 1). These episodes do not seem
to affect the population in a selective manner (sex, age). The impact of vitamin D deficiency
episodes during infancy on mortality could be explored more efficiently if the sample was bigger
and comprised more age categories. It would allow for a better evaluation of the risk factors and

survival rates in relation to vitamin D deficiency during infancy.

4.4 In utero and at birth vitamin D deficiency episodes: mother-infant link
Several cases of in utero IGD episodes were recorded in our sample (n= 6/52), indicating
maternal deficiencies transmitted to the offspring. Such episodes were previously recorded in two
individuals (15A-S36 and 2E4) from sites dated to a similar time period in Quebec: the urban
cemetery of St. Matthew, Quebec City (1771-1860) and the rural one of St. Marie, Beauce (1748-
1878) (Brickley, Kahlon, and D’Ortenzio 2019; D’Ortenzio, Ribot, et al. 2018; D’Ortenzio et al.
2016). During winter, pregnant women would be unlikely to receive enough vitamin D through
sunlight exposure since Montréal lies at a latitude of 45°N (Gagnon et al. 2010, 820). This fact
raises the question of the seasonality of the in utero IGD episodes. However, even during summer,
when sunlight exposure would be optimal, fully covering clothing could impair proper intake of
vitamin D in pregnant women (Brickley, Moffat, and Watamaniuk 2014). Clothing for noble
women in the first half of the 19" century included long dresses with long sleeves and varying
necklines, sometimes covering the chest and shoulders and sometimes exposing part of the
shoulders and the chest (Beaudoin-Ross 1992). A bonnet was also often worn, partially providing
shade for the face (Brett 1967). The only available information on common fashion for a women
in the 19" century Montréal is that they wore both the blouse and the skirt, in the city as well as in
the countryside (Beaudoin-Ross 2013). Furthermore, exposure of pregnant women to natural light
might have been reduced by the cramped housing resulting from overcrowded life conditions in
the city (Bradbury 1984; Brault 1990, 20). All such factors might have contributed to the in utero

IGD episodes observed in foetuses.
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At birth, infants hold vitamin D reserves transferred in utero from the mother to the child
through the placenta (Misra et al. 2008, 408). Serum 25(OH)D levels in mothers are the same as
the levels found in infants (Misra et al. 2008, 408). Infants born of mothers with healthy vitamin D
levels would have reserves above the accepted threshold of deficiency (37.5 nmol/L) (Misra et al.
2008, 408). Thirty-three out of the 52 studied individuals from our sample present at or from birth
IGD episodes to up to 3 years of age. This rapid appearance of IGD at birth indicates that these
infants had no reserves and were unable to synthesize vitamin D (Misra et al. 2008, 408). The lack
of vitamin D synthesis could be linked to the two main sources of vitamin D: sun’s UV-rays
exposure and diet (Thacher and Clarke 2011, 50). Breast-feeding is unlikely to be the main cause.
Maternal milk does not contain enough vitamin D to prevent vitamin D deficiency in breastfed
infants without supplementary sunlight exposure, suggesting that both cultural (e.g. clothing, time
spent outside versus indoor) and seasonal factors might have caused vitamin D deficiency in the
individuals presenting IGD at or from birth, regardless of the type of housing (urban versus rural)
(Brickley, Ives, and Mays 2020, 83; Mays et al. 2018; Ives and Humphrey 2018; Kovacs 2011;
Holick 2004, 365; Kreiter et al. 2000; Specker 1985). In the middle of the 19" century, breast-
feeding was still widespread in Montréal across several groups, such as the French and Irish
Catholics, and most of the mothers were breastfeeding to some extent (Thornton and Olson 1991,
409). It could thus be a common practice between individuals presenting and not presenting vitamin
D deficiency at birth, suggesting that other causal factors than breastfeeding were at work for the
IGD. For example, several modern cases showing a high prevalence of rickets in breast-fed infants
report cultural practices preventing exposure to sunlight, such as swaddling and keeping the infants

in a cradle all day (Mays et al. 2018, 8; Shin, Ghotbi, and Claster 2009; Tserendolgor et al. 1998).

4.5 Longstanding and multiple vitamin D deficiency episodes: a link to cultural

and environmental factors?

The results indicate that 29 individuals out of 52 individuals our sample suffered
continuously from vitamin D deficiency, ranging from the in utero period to up to 4 years of age.
This tends to indicate that sunlight exposure during infancy was too low, even during summer, to
provide sufficient vitamin D synthesis through the skin. It is therefore likely that cultural factors
impairing sunlight exposure (e.g. clothing, time spent outside versus indoor) contributed to vitamin

D deficiency Brickley, Moffat, and Watamaniuk 2014). Other biophysical and cultural factors
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could have increased the deficiency, still remaining not severe enough to cause death. For example,
contracting diseases through contaminated water and/or milk during the weaning period like the
cholera might have caused diarrhoea and/or vomiting (Cadotte 1990, 137). Poor intestinal
absorption, along with a tendency to stay inside during illness, could have led to vitamin D
deficiency on the long term (Bikle 2007, V-51). Historical records indicate that cholera epidemics
stroke Montréal’s population on at least five years, although not always consecutively (e.g. 1832,
1849, 1851, 1852, 1854) (Cadotte 1990, 137). The nonadult 30R-S7 is a good example of prolonged
vitamin D deficiency. From the womb to approximately 4 years-old, this individual suffered from
severe vitamin D deficiency. This individual presents lower limb bones curvature at death (8.5
years); however, biomechanical and shape changes can remain after mineralization returns to
normal (Brickley and Mays 2019, 541; Elder and Bishop 2014, 1665). Porotic bone beneath the
growth plate is indicative of active vitamin D deficiency, however, the proximal and distal
epiphysis of 30R-S7’s lower limb bones are missing (Brickley and Mays 2019, 540). It is possible
that vitamin D deficiency is one of the consequences, but not the only one, of the poor sanitary
conditions that ultimately contributed to the individual’s death (Cadotte 1990, 137; Brault 1990,
20; Bradbury 1984).

Nine individuals out of the 52 individuals under study present multiple and separate

deficiency episodes (see Table 29):

Individual (code) Age of onset of IGD episodes

10A-S3(1) Episode 1: c. birth
Episode 2: c.1.5 years

11F-S1 Episode 1: in utero to c.1 year
Episode 2: c.2 years

17A-S1 Episode 1: in utero to c.1 year
Episode 2: c.2 years

20A-S7 Episode 1: around birth
Episode 2: c.1.5 years

20C-S6 Episode 1: c. birth
Episode 2: c.3 years

25C-S18 Episode 1: c. birth to c.1.5 years

Episode 2: c.5 years
Episode 3: c.7 years
Episode 4: c.9 years

25C-S65 Episode 1: c. birth to c.2 years
Episode 2: c.4 years

25C-S71 Episode 1: c. birth to c.1.5 years
Episode 2: c.2 years

9M-S2 Episode 1: c.2 years

Episode 2: c.4 years
Table 29. — Ages of onset of multiple IGD episodes recorded in the 52 studied individuals.

62




While these deficiency episodes are not always separated by 1-year interval, they might be
the result of seasonal variations. This concurs with the fact that there is a significant lack of sunlight
exposure during winter in Montréal’s region as it is located at a rather high latitude (45 °N) (Gagnon
et al. 2010, 820). Focusing on other historic populations from northern Europe (17"-19% century,
Netherlands), Veselka et al. (2019) also revealed that vitamin D deficiency occurred in recurrent
episodes following seasonal variations. This result was supported by both micro-CT and
histological evaluations of IGD on the mandibular molars of 30 individuals of various ages and sex
(Veselka et al. 2019). Vitamin D synthesis through sunlight exposure might have been totally
absent during the winter months in these historic Dutch communities living at a northern latitude
of 53 °N (Veselka et al. 2019, 129). Our results for Montréal, although located at a slightly more
southern in latitude, also tend to support the seasonal variations as one of the causal factors of these

deficiencies.
4.6 Vitamin D deficiency and health deterioration: a possible link?

LEH and IGD

A possible link between vitamin D deficiency during infancy and LEH was detected.
Indeed, the p-value for the link between the presence of LEH and more severe degrees of IGD
(excluding degree 1) is 0.016 and the odds ratio 2.500, which is significant. Linear enamel
hypoplasia is linked to systemic stress that occurred during the period of tooth crown formation,
either pathological or nutritional (Goodman and Rose 1990; Goodman 1996; Duray 1996; King,
Humphrey, and Hillson 2005). It is thus logical that individuals presenting vitamin D deficiency
during infancy, which is caused by environmental or nutritional stress (Brickley, Moffat, and
Watamaniuk 2014, 48), would also present LEH. It is possible that more severe episodes of vitamin
D deficiency are necessary to induce LEH. These results concur with research conducted on dogs
that concluded to an increase in interglobular spaces and linear enamel hypoplasia linked to vitamin
D deficient diets (Mellanby 1928; Mellanby 1934; D’Ortenzio et al. 2016). However, this link is
hypothetical and not definitive since our sample is small and further research needs to be

undertaken to explore the subject.
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Pathological skeletal lesions that may occur in vitamin D deficiency cases and IGD

The lack of correlation between vitamin D deficiency during infancy and skeletal lesions
associated with vitamin D deficiency in the sampled individuals seems logical. Indeed, the presence
of IGD refers to deficiency episodes that happened during infancy, while the skeletal lesions were
developed later at the time of death of the individuals. What the results indicate, at the most, is that
the presence of vitamin D deficiency episodes during infancy does not seem to predispose the

individuals to develop lesions that may occur in vitamin D deficiency cases later in life.

Other pathological lesions and conditions and IGD

No link was found between other pathological lesions and conditions and the presence of
IGD, except for traumas (excluding degree 1 of IGD) and dental calculus (including degree 1 of
IGD). However, since no explanation can justify these correlations, they might be random. The
lack of correlation between pathological lesions and conditions and IGD is most likely related to

the small size of our sample.

4.7 Spatiotemporal evolution of vitamin D within the cemetery of St. Antoine
The distribution of the cases of vitamin D deficiency (including and excluding degree 1 of
IGD) according to the bottom altitude of the coffins (meters, above mean sea level) and the different
areas of burial within the cemetery reveals that the cases of vitamin D deficiency seem to decrease
with time. This might be due to the fact that the majority of the individuals were recovered from
the oldest part of the cemetery (zone 1) (Ethnoscop 2012; 2014; 2016b; 2016a; Arkéos 2018). This
means that there is an over-representation of individuals buried in the oldest parts of the cemetery
and thus of the most ancient burials. This decrease through time might be the result of a bias of the
sample. Moreover, during the 1850s and 1860s, several graves were exhumed and transferred to
the new cemetery Notre-Dame-des-Neiges, which might account for the higher number of ancient
graves left behind discovered by the archaeologists (Ethnoscop 2012, 21). The zones 1 to 5 also
seem to have been used simultaneously for some periods after their inauguration, which

complicates the spatiotemporal analysis (Arkéos 2018, 6).

5. Conclusion

To conclude, there are several key findings that can be drawn from this research on 52

individuals from the St. Antoine cemetery in Montréal (1799- 1854):
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A high prevalence (75%-44%) of vitamin D cases during infancy according to the
histological analysis. The results indicate the presence of prenatal IGD episodes,
revealing maternal deficiencies, and a high frequency of at or from birth IGD
episodes, indicating possible cultural influences. The presence of longstanding IGD
episodes also suggests the influence of cultural factors, while the few multiple
episodes of IGD recorded might reflect seasonal deficiencies.

Histology allows the recording vitamin D deficiency episodes that happened during
the early life of the individuals and that are not visible on the skeleton anymore,
which might explain the high prevalence in our sample. This suggests that a
histological analysis of another urban population dating to the Industrial Revolution
(e.g. UK, France) would be relevant (for comparisons with our present study) since
it could allow the recording of early-life deficiency episodes and reveal a more
accurate representation of the frequency of vitamin D deficiency cases.

Cribra orbitalia was associated with the nonadults age group, while non-specific
joint diseases were linked to the adults age group. As for OA, it was correlated to
male individuals.

No correlation was noted between vitamin D deficiency cases during infancy and
age-at-death or sex, however, having a bigger sample with a wider age-at-death
range could help explore this issue further.

Non-specific infections and tuberculosis were expected to correlate with the
prevalence of vitamin D deficiency episodes during infancy according to the
previous research by Snoddy and colleagues (2016) but the results indicated no
correlation. In the case of tuberculosis, only one potential case was recorded, thus
not allowing to explore the subject.

LEH correlated statistically with the presence of IGD (excluding degree 1).
However, various other parameters than vitamin D deficiency during infancy
contribute to the pathogenesis process and this hypothetical result needs to be
explored further using a bigger sample.

The temporal analysis of the frequency of vitamin D deficiency cases during infancy
revealed that over the course of the use of the cemetery, this condition was more

frequent at the beginning and then tended to decrease. However, the majority (67%)
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of the sampled individuals comes from the oldest part of the cemetery and studying
more individuals from the most recent parts of the cemetery might help to confirm

and possibly understand better the increase or decrease of cases.

To complete this study, an isotopic analysis of >N would be relevant to pinpoint the
weaning age of the sampled individuals and evaluate if the cultural practices surrounding this event
might have increased vitamin D deficiency. The research is limited by the fact that the exact
geographical origin of the sampled individuals is unknown, since no tombstones were recovered
during the excavations, as is the case for most historic cemeteries in Quebec (Ethnoscop 2012;
2014; 2016b; 2016a; Arkéos 2018). In the future, an isotopic analysis of strontium and oxygen
would be relevant to assess the geographical origin of the individuals and verify if the results really
indicate a portrait of early life in 19" century Montréal or reflect another environment, as some
people were first generation migrants. Finally, conducting this type of study investigating the
possible links between vitamin D deficiency during infancy and health deterioration later in life

using a bigger sample would be relevant.

66



References

Adams, Michael A., and Peter J. Roughley. 2006. ‘What Is Intervertebral Disc Degeneration, and
What Causes 1t?° Spine 31 (18): 2151-61. https://doi.org/10.1097/01.brs.0000231761.73859.2¢.

Agarwal, K S. 2002. ‘The Impact of Atmospheric Pollution on Vitamin D Status of Infants and
Toddlers in Delhi, India’. Archives of Disease in Childhood 87 (2): 111-13.
https://doi.org/10.1136/adc.87.2.111.

Albert, A. M., and W. R. Maples. 1995. ‘Stages of Epiphyseal Union for Thoracic and Lumbar
Vertebral Centra as a Method of Age Determination for Teenage and Young Adult Skeletons’.
Journal of Forensic Science 40 (4): 623-33. https://doi.org/10.1520/JFS13838J.

AlQahtani, S.J., M.P. Hector, and H.M. Liversidge. 2010. ‘Brief Communication: The London
Atlas of Human Tooth Development and Eruption’. American Journal of Physical Anthropology
142 (3): 481-90. https://doi.org/10.1002/ajpa.21258.

Alves-Cardoso, Francisca, and Sandra Assis. 2018. ‘Can Osteophytes Be Used as Age at Death
Estimators? Testing Correlations in Skeletonized Human Remains with Known Age-at-Death’.

Forensic Science International 288: 59—66. https://doi.org/10.1016/j.forsciint.2018.04.034.

Anderson, T. 2001. ‘An Example of Unhealed Osteochondritis Dissecans of the Medial
Cuneiform’.  International  Journal  of  Osteoarchaeology 11 (5): 381-84.
https://doi.org/10.1002/0a.575.

Appleby, Jo, Richard Thomas, and Jane Buikstra. 2015. ‘Increasing Confidence in
Paleopathological Diagnosis — Application of the Istanbul Terminological Framework’.

International Journal of Paleopathology 8: 19-21. https://doi.org/10.1016/].ijpp.2014.07.003.

Arkéos. 2018. ‘Réaménagement de La Place Du Canada Nord :Projet de Construction Du Trottoir
Est de La Rue Peel Cimetiere Saint-Antoine (BiFj-37).” Montréal: Ville de Montréal, ministere de
la Culture, des Communications et de la Condition féminine et Commission des services électriques

de Montréal.

Arora, Manish, Abraham Reichenberg, Charlotte Willfors, Christine Austin, Chris Gennings, Steve

67



Berggren, Paul Lichtenstein, Henrik Anckarséter, Kristiina Tammimies, and Sven Bolte. 2017.
‘Fetal and Postnatal Metal Dysregulation in Autism’. Nature Communications 8 (1): 15493.
https://doi.org/10.1038/ncomms15493.

Autier, Philippe. 2014. ‘Vitamin D Status and Il Health: A Systematic Review’. Diabetes and
Endocrinology 2: 76-89.

Avery, J.K. 2002. Development of Teeth and Supporting Structures. Oral Development and
Histology. 4th ed. New-York: Thieme Medical Publishers.

Baeke, Femke, Tatiana Takiishi, Hannelie Korf, Conny Gysemans, and Chantal Mathieu. 2010.
‘Vitamin D: Modulator of the Immune System’. Current Opinion in Pharmacology 10 (4): 482—
96. https://doi.org/10.1016/j.coph.2010.04.001.

Barker, D. J. P. 2007. ‘The Origins of the Developmental Origins Theory’. Journal of Internal
Medicine 261 (5): 412—17. https://doi.org/10.1111/j.1365-2796.2007.01809.x.

Barker, D. J. P, K. M Godfrey, P. D Gluckman, J. E Harding, J. A Owens, and J. S Robinson. 1993.
‘Fetal Nutrition and Cardiovascular Disease in Adult Life’. The Lancet, Originally published as
Volume 1, Issue 8850, 341 (8850): 938—41. https://doi.org/10.1016/0140-6736(93)91224-A.

Barker, D. J. P, C Osmond, P. D Winter, B Margetts, and S. J Simmonds. 1989. ‘Weight in Infancy
and Death from Ischaemic Heart Disease’. The Lancet, Originally published as Volume 2, Issue

8663, 334 (8663): 577-80. https://doi.org/10.1016/S0140-6736(89)90710-1.

Barker, D. J.P., and C. Osmond. 1986a. ‘Diet and Coronary Heart Disease in England and Wales
during and after the Second World War.” Journal of Epidemiology & Community Health 40 (1):
37-44. https://doi.org/10.1136/jech.40.1.37.

. 1986b. ‘Infant Mortality, Childhood, Nutrition, and Ischaemic Heart Disease in England
and Wales’. The Lancet, Originally published as Volume 1, Issue 8489, 327 (8489): 1077-81.
https://doi.org/10.1016/S0140-6736(86)91340-1.

Beaudoin-Ross, Jacqueline. 1992. Form and Fashion: Nineteenth-Century Montreal Dress.

Montréal: McCord Museum of canadian History.

——— 2013. ‘L’habillement a 1’¢époque Coloniale | I’Encyclopédie Canadienne’. In

68



L’Encyclopédie Canadienne. https://www.thecanadianencyclopedia.ca/fr/article/lhabillement-a-

lepoque-coloniale.

Bell, N H, S Epstein, A Greene, J Shary, M J Oexmann, and S Shaw. 1985. ‘Evidence for Alteration
of the Vitamin D-Endocrine System in Obese Subjects.” Journal of Clinical Investigation 76 (1):
370-73. https://doi.org/10.1172/JCI111971.

Biau, David Jean, Brigitte M. Jolles, and Raphaél Porcher. 2010. ‘P Value and the Theory of
Hypothesis Testing: An Explanation for New Researchers’. Clinical Orthopaedics and Related
Research 468 (3): 885-92. https://doi.org/10.1007/s11999-009-1164-4.

Bikle, Daniel. 2007. ‘Vitamin D Insufficiency/Deficiency in Gastrointestinal Disorders’. Journal

of Bone and Mineral Research 22 (S2): V50-54. https://doi.org/10.1359/jbmr.07s208.

. 2009. ‘Nonclassic Actions of Vitamin D’. The Journal of Clinical Endocrinology &
Metabolism 94 (1): 26-34. https://doi.org/10.1210/jc.2008-1454.

Black, Sue, and Louise Scheuer. 1996. ‘Age Changes in the Clavicle: From the Early Neonatal
Period to Skeletal Maturity’. International Journal of Osteoarchaeology 6 (5): 425-34.
https://doi.org/10.1002/(SICI)1099-1212(199612)6:5<425:: AID-OA287>3.0.CO;2-U.

Blunt, J. W., H. F. DeLuca, and H. K. Schnoes. 1968. ‘25-Hydroxycholecalciferol. A Biologically
Active Metabolite of  Vitamin D3’. Biochemistry 7 (10): 3317-22.
https://doi.org/10.1021/b100850a001.

Boldsen, Jesper L., and George R. Milner. 2012. ‘An Epidemiological Approach to
Paleopathology’. In 4 Companion to Paleopathology, 114-32. UK: Blackwell Publishing Ltd.

Bolland, Mark J, Andrew Grey, Greg D Gamble, and lan R Reid. 2014. ‘The Effect of Vitamin D
Supplementation on Skeletal, Vascular, or Cancer Outcomes: A Trial Sequential Meta-Analysis’.
The Lancet Diabetes & Endocrinology 2 (4): 307-20. https://doi.org/10.1016/S2213-
8587(13)70212-2.

Bowman, Alan, and Andrew Wilson. 2011. Settlement, Urbanization, and Population. Oxford:

OUP Oxford.

Bradbury, Bettina. 1982. ‘The Fragmented Family : Family Strategies in the Face of Death, Illness
69



and Poverty, Montreal, 1860-1885’. In Childhood and Family in Canadian Histor, 109-29.
Toronto: McClelland & Stewart.

. 1984. ‘The Working Class Family Economy, Montreal 1861-1881°. Montréal: Concordia

University.

Brault, Jean-Rémi. 1990. Montréal au XIXe siecle: des gens, des idées, des arts, une ville : actes

du colloque. Collection Ouvrages historiques. Montréal: Leméac.

Brett, Katharine B. 1967. Modesty to Mod: Dress Amd Undress in Canada, 1780-1967. Ontario:

Royal Ontario Museum and University of Ontario.

Brickley, Megan B., Rachel Ives, and Simon Mays. 2020. ‘Vitamin D Deficiency’. In The
Bioarchaeology of Metabolic Bone Disease, 2nd ed., 313. London: Elsevier.
https://doi.org/10.1016/B978-0-08-101020-4.00005-7.

Brickley, Megan B., Bonnie Kahlon, and Lori D’Ortenzio. 2019. ‘Using Teeth as Tools:
Investigating the Mother—Infant Dyad and Developmental Origins of Health and Disease
Hypothesis Using Vitamin D Deficiency’. American Journal of Physical Anthropology 171 (2):
342-53. https://doi.org/10.1002/ajpa.23947.

Brickley, Megan, Lori D’Ortenzio, Bonnie Kahlon, Annabelle Schattmann, Isabelle Ribot,
Emeline Raguin, and Benoit Bertrand. 2017. ‘Ancient Vitamin D Deficiency: Long-Term Trends’.
Current Anthropology 58 (3): 420-27. https://doi.org/10.1086/691683.

Brickley, Megan, and Simon Mays. 2019. ‘Metabolic Disease’. In Ortner’s Identification of
Pathological Conditions in Human Skeletal Remains, edited by Jane E. Buikstra, Third, 531-62.

Elsevier / Academic Press.

Brickley, Megan, Simon Mays, Michele George, and Tracy L. Prowse. 2018. ‘Analysis of
Patterning in the Occurrence of Skeletal Lesions Used as Indicators of Vitamin D Deficiency in
Subadult and Adult Skeletal Remains’. International Journal of Paleopathology 23: 43-53.
https://doi.org/10.1016/j.ijpp.2018.01.001.

Brickley, Megan, Simon Mays, and Rachel Ives. 2007. ‘An Investigation of Skeletal Indicators of

Vitamin D Deficiency in Adults: Effective Markers for Interpreting Past Living Conditions and

70



Pollution Levels in 18th and 19th Century Birmingham, England’. American Journal of Physical
Anthropology 132 (1): 67-79. https://doi.org/10.1002/ajpa.20491.

Brickley, Megan, Tina Moffat, and Lelia Watamaniuk. 2014. ‘Biocultural Perspectives of Vitamin
D Deficiency in the Past’. Journal of Anthropological Archaeology 36: 48-59.
https://doi.org/10.1016/j.jaa.2014.08.002.

Bruzek, Jaroslav. 2002. ‘A Method for Visual Determination of Sex, Using the Human Hip Bone’.
American Journal of Physical Anthropology 117 (2): 157—68. https://doi.org/10.1002/ajpa.10012.

Buckley, H. R., and N. Tayles. 2003. ‘Skeletal Pathology in a Prehistoric Pacific Island Sample:
Issues in Lesion Recording, Quantification, and Interpretation’. American Journal of Physical

Anthropology 122 (4): 303-24. https://doi.org/10.1002/ajpa.10259.

Buikstra, Jane E., and Sharon DeWitte. 2019. ‘A Brief History and 21st Century Challenges’. In
Ortner’s Identification of Pathological Conditions in Human Skeletal Remains, edited by Jane E.
Buikstra, Third, 11-19. Elsevier / Academic Press.

Buikstra, J.E., and D.H. Ubelaker. 1994. Standards for Data Collection from Human Skeletal

Remains. Research series 44. Fayetteville (AR): Arkansas Archeological Survey.

Butte, Nancy F, Mardia G Lopez-Alarcon, Cutberto Garza, WHO, Department of Nutrition for
Health and Development, WHO, and Department of Child and Adolescent Health and
Development. 2002. Nutrient Adequacy of Exclusive Breastfeeding for the Term Infant during the
First Six Months of Life. Geneva: World Health Organization.

Byers, Steven N. 2016. Forensic Anthropology Laboratory Manual. Routledge.
https://doi.org/10.4324/9781315535371.

Cadotte, Marcel. 1990. ‘Considérations Médico-Sociales Des Epidémies a Montréal Au XIXe
Siecle’. In Montréal Au XIXe Siecle: Des Gens Des Idées, Des Arts, Une Ville, 135-42. Ottawa:

Leméac.

Cantorna, M. T., C. E. Hayes, and H. F. DeLuca. 1996. ‘1,25-Dihydroxyvitamin D3 Reversibly
Blocks the Progression of Relapsing Encephalomyelitis, a Model of Multiple Sclerosis.’
Proceedings  of the  National Academy  of  Sciences 93  (15): 7861-64.

71



https://doi.org/10.1073/pnas.93.15.7861.

Cantorna, Margherita T., Colleen E. Hayes, and Hector F. DeLuca. 1998. °1,25-
Dihydroxycholecalciferol Inhibits the Progression of Arthritis in Murine Models of Human
Arthritis’. The Journal of Nutrition 128 (1): 68—72. https://doi.org/10.1093/jn/128.1.68.

Cardoso, Hugo F. V. 2007. ‘Environmental Effects on Skeletal versus Dental Development: Using
a Documented Subadult Skeletal Sample to Test a Basic Assumption in Human Osteological
Research’.  American  Journal  of  Physical  Anthropology 132 (2):  223-33.
https://doi.org/10.1002/ajpa.20482.

Case, D. Troy, and Ann H. Ross. 2007. ‘Sex Determination from Hand and Foot Bone Lengths’.
Journal of Forensic Sciences 52 (2): 264—70. https://doi.org/10.1111/j.1556-4029.2006.00365.x.

Chen, TC. 1999. ‘Photobiology of Vitamin D.’ In Vitamin D: Molecular Biology, Physiology, and
Clinical Applications, 17-37. Totowa, NJ: Human Press.

Christakos, Sylvia, Martin Hewison, David G. Gardner, Carol L. Wagner, Igor N. Sergeev, Erica
Rutten, Anastassios G. Pittas, Ricardo Boland, Luigi Ferrucci, and Daniel D. Bikle. 2013. ‘Vitamin
D: Beyond Bone: Vitamin D: Beyond Bone’. Annals of the New York Academy of Sciences 1287
(1): 45-58. https://doi.org/10.1111/nyas.12129.

Clayton, Paul, and Judith Rowbotham. 2008. ‘An Unsuitable and Degraded Diet? Part Two:
Realities of the Mid-Victorian Diet’. Journal of the Royal Society of Medicine 101 (7): 350-57.
https://doi.org/10.1258/jrsm.2008.080113.

Clemens, T.L., S.L. Henderson, J.S. Adams, and M.F. Holick. 1982. ‘Increased Skin Pegment
Reduces Capacity of Skin to Synthesise Vitamin D3’. Lancet 1: 74-76.

Davies-Barrett, Anna M., Daniel Antoine, and Charlotte A. Roberts. 2019. ‘Inflammatory
Periosteal Reaction on Ribs Associated with Lower Respiratory Tract Disease: A Method for

Recording Prevalence from Sites with Differing Preservation’. American Journal of Physical

Anthropology 168 (3): 530—42. https://doi.org/10.1002/ajpa.23769.

Dean, Christopher. 2017. ‘How the Microstructure of Dentine Can Contribute to Reconstructing

Developing Dentitions and the Lives of Hominoids and Hominins’. Comptes Rendus Palevol 16

72



(5-6): 557-71. https://doi.org/10.1016/j.crpv.2016.10.006.

Deluca, Hector F., and Margherita T. Cantorna. 2001. ‘Vitamin D: Its Role and Uses in
Immunology’. The FASEB Journal 15 (14): 2579-85. https://doi.org/10.1096/1j.01-0433rev.

DeWitte, Sharon N., and Christopher M. Stojanowski. 2015. ‘The Osteological Paradox 20 Years
Later: Past Perspectives, Future Directions’. Journal of Archaeological Research 23 (4): 397-450.
https://doi.org/10.1007/s10814-015-9084-1.

Dickinson, John Alexander. 2014. Breéve histoire socio-économique du Québec. New Edition.

Montréal: Bibliothéque québécoise.

DiGangi, Elizabeth A., Jonathan D. Bethard, Erin H. Kimmerle, and Lyle W. Konigsberg. 2009.
‘A new method for estimating age-at-death from the first rib’. American Journal of Physical

Anthropology 138 (2): 164-76. https://doi.org/10.1002/ajpa.20916.

DiMichele, Daniel L., and M. Katherine Spradley. 2012. ‘Sex Estimation in a Modern American
Osteological Sample Using a Discriminant Function Analysis from the Calcaneus’. Forensic

Science International 221 (1-3): 152.e1-152.e5. https://doi.org/10.1016/j.forsciint.2012.03.026.

D’Ortenzio, Lori, Bonnie Kahlon, Taylor Peacock, Hana Salahuddin, and Megan Brickley. 2018.
‘The Rachitic Tooth: Refining the Use of Interglobular Dentine in Diagnosing Vitamin D
Deficiency’. International Journal of Paleopathology 22: 101-8.
https://doi.org/10.1016/}.ijpp.2018.07.001.

D’Ortenzio, Lori, Isabelle Ribot, Bonnie Kahlon, Benoit Bertrand, Emmy Bocaege, Emeline
Raguin, Annabelle Schattmann, and Megan Brickley. 2018. ‘The Rachitic Tooth: The Use of
Radiographs as a Screening Technique’. International Journal of Paleopathology 23: 32-42.
https://doi.org/10.1016/j.1jpp.2017.10.001.

D’Ortenzio, Lori, Isabelle Ribot, Emeline Raguin, Annabelle Schattmann, Benoit Bertrand, Bonnie
Kahlon, and Megan Brickley. 2016. ‘The Rachitic Tooth: A Histological Examination’. Journal of
Archaeological Science 74: 152—63. https://doi.org/10.1016/j.jas.2016.06.006.

Duray, Stephen M. 1996. ‘Dental Indicators of Stress and Reduced Age at Death in Prehistoric
Native Americans’. American Journal of Physical Anthropology 99 (2): 275-86.

73



https://doi.org/10.1002/(SICI)1096-8644(199602)99:2<275::AID-AJPA5>3.0.CO;2-Y.

Dutour, O. 1989. Hommes Fossiles Du Sahara: Peuplements Holocenes Du Mali Septentrional.

France: Editions du Centre national de la recherche scientifique.

Eastwood, M. A., and Desiree Hamilton. 1968. ‘Studies on the Adsorption of Bile Salts to Non-
Absorbed Components of Diet’. Biochimica et Biophysica Acta (BBA) - Lipids and Lipid
Metabolism 152 (1): 165-73. https://doi.org/10.1016/0005-2760(68)90018-0.

Elder, Charlotte Jane, and Nicholas J Bishop. 2014. ‘Rickets’. The Lancet 383 (9929): 1665-76.
https://doi.org/10.1016/S0140-6736(13)61650-5.

Eli, Dana, DMD Haim Sarnat, and DMD Eliezer Talmi. 1989. ‘Effect of the Birth Process on the
Neonatal Line in Primary Tooth Enamel’. Pediatric Dentistry 11 (3): 220-23.

El-Najjar, Mahmoud Y., Mike V. Desanti, and Leon Ozebek. 1978. ‘Prevalence and Possible
Etiology of Dental Enamel Hypoplasia’. American Journal of Physical Anthropology 48 (2): 185—
92. https://doi.org/10.1002/ajpa.1330480210.

El-Najjar, Mahmoud Y., Dennis J. Ryan, Christy G. Turner, and Betsy Lozoff. 1976. ‘The Etiology
of Porotic Hyperostosis among the Prehistoric and Historic Anasazi Indians of Southwestern
United States’. American Journal of Physical Anthropology 44 (3): 477-87.
https://doi.org/10.1002/ajpa.1330440311.

Ethnoscop. 2012. ‘Projet de Réaménagement Du Square Dorchester et Projet de Construction d’un
Réseau Souterrain de La Commission Des Services Electriques de Montréal (CSEM) Dans Les
Rues Metcalfe, de La Cathédrale et Peel et Le Boulevard René-Lévesque. Interventions
Archéologiques Au Square Dorchester, a La Place Du Canada et Dans Les Rues Metcalfe, de La
Cathédrale et Peel et Le Boulevard René-Lévesque, 2008 et 2009. Site Archéologique BiFj-37 Du
Cimetiére Saint-Antoine (1799-1854)’. Montréal: Ville de Montréal, ministére de la Culture, des

Communications et de la Condition féminine et Commission des services €lectriques de Montréal.

. 2014. ‘Projet de Réaménagement de La Place Du Canada. Site Archéologique BiFj-37.
Cimetiére Saint-Antoine (1799-1854).” Montréal: Ville de Montréal, ministére de la Culture, des

Communications et de la Condition féminine et Commission des services €lectriques de Montréal.

74



. 2016a. ‘Projet de Réaménagement de La Place Du Canada Site Archéologique Du
Cimetiére Saint-Antoine (1799-1854) BiFj-37, Montréal. Fouille et Supervision Archéologiques
(2014)’. Montréal: Ville de Montréal, ministére de la Culture, des Communications et de la

Condition féminine et Commission des services ¢lectriques de Montréal.

. 2016b. ‘Projet de Réaménagement de La Place Du Canada Site Archéologique Du
Cimetiére Saint-Antoine (1799-1854) BiFj-37, Montréal. Fouille et Supervision Archéologiques
(2015).” Montréal: Ville de Montréal, ministére de la Culture, des Communications et de la

Condition féminine et Commission des services ¢électriques de Montréal.

Faccia, K. J., and R. C. Williams. 2008. ‘Schmorl’s Nodes: Clinical Significance and Implications
for the Bioarchaeological Record’. International Journal of Osteoarchaeology 18 (1): 28—44.
https://doi.org/10.1002/0a.924.

Fazekas, 1.G., and F. Késa. 1978. Fetal Forensic Osteology. Budapest: Akademial Kiado.

Felson, David T., Reva C. Lawrence, Paul A. Dieppe, Rosemarie Hirsch, Charles G. Helmick,
Joanne M. Jordan, Raynard S. Kington, et al. 2000. ‘Osteoarthritis: New Insights. Part 1: The
Disease and Its Risk Factors’. Annals of Internal Medicine.

https://www.acpjournals.org/doi/abs/10.7326/0003-4819-133-8-200010170-00016.

Fildes, Valerie. 2017. ‘The Culture and Biology of Breastfeeding: An Historical Review of Western
Europe’. In Breastfeeding: Biocultural Perspectives, edited by Patricia Stuart-Macadam and
Katherine A. Dettwyler, 101-27. New-York: Routledge. https://doi.org/10.4324/9781315081984-
4.

Fyson, Donald. 2008. ‘Du pain au madére: L’alimentation a Montréal au début du XIXe siecle’.

Revue d’histoire de I’ Amérique frangaise 46 (1): 67-90. https://doi.org/10.7202/305048ar.

Gagnon, Claudia, Jean-Patrice Baillargeon, Guillaume Desmarais, and Guy D Fink. 2010.
‘Prevalence and Predictors of Vitamin D Insufficiency in Women of Reproductive Age Living in

Northern Latitude’. European Journal of Endocrinology, 6.

Garland, CF, and FC Garland. 1980. ‘Do Sunlight and Vitamin D Reduce the Likelyhood of Colon
Cancer?’ International Journal of Epidemiology 9: 227-31.

75



Garland, Frank C., Cedric F. Garland, Edward D. Gorham, and Jeffrey F. Young. 1990.
‘Geographic Variation in Breast Cancer Mortality in the United States: A Hypothesis Involving
Exposure to Solar Radiation’. Preventive Medicine 19 (6): 614-22. https://doi.org/10.1016/0091-
7435(90)90058-R.

Geber, Jonny. 2016. “Children in a Ragged State”: Seeking a Biocultural Narrative of a
Workhouse Childhood in Ireland during the Great Famine (1845—-1852)’. Childhood in the Past 9
(2): 120-38. https://doi.org/10.1080/17585716.2016.1205344.

Geber, Jonny, and Eileen Murphy. 2012. ‘Scurvy in the Great Irish Famine: Evidence of Vitamin
C Deficiency from a Mid-19th Century Skeletal Population’. American Journal of Physical
Anthropology 148 (4): 512-24. https://doi.org/10.1002/ajpa.22066.

Gibney, Katherine B., Lachlan MacGregor, Karin Leder, Joseph Torresi, Caroline Marshall, Peter
R. Ebeling, and Beverley-Ann Biggs. 2008. ‘Vitamin D Deficiency Is Associated with
Tuberculosis and Latent Tuberculosis Infection in Immigrants from Sub-Saharan Africa’. Clinical

Infectious Diseases 46 (3): 443—46. https://doi.org/10.1086/525268.

Gillman, Matthew W, David Barker, Dennis Bier, Felino Cagampang, John Challis, Caroline Fall,
Keith Godfrey, et al. 2007. ‘Meeting Report on the 3rd International Congress on Developmental
Origins of Health and Disease (DOHaD)’. Pediatric Research 61 (5, Part 1): 625-29.
https://doi.org/10.1203/pdr.0b013e31804591cd.

Goodman, A.H., and Jerome C. Rose. 1990. ‘Assessment of Systemic Physiological Perturbations
from Dental Enamel Hypoplasias and Associated Histological Structures’. American Journal of

Physical Anthropology 33 (S11): 59—110. https://doi.org/10.1002/ajpa.1330330506.

Goodman, Alan. 1996. ‘Early Life Stresses and Adult Health: Insights from Dental Enamel
Development’. In Long-Term Consequences of Early Environment: Growth, Development and the

Lifespan Developmental Perspective, 163—82. United Kingdom: Cambridge University Press.

Gorham, Edward D., Frank C. Garland, and Cedric F. Garland. 1990. ‘Sunlight and Breast Cancer
Incidence in the USSR’. International Journal of Epidemiology 19 (4): 820-24.
https://doi.org/10.1093/ije/19.4.820.

Gowland, Rebecca L. 2015. ‘Entangled Lives: Implications of the Developmental Origins of
76



Health and Disease Hypothesis for Bioarchaeology and the Life Course’. American Journal of
Physical Anthropology 158 (4): 530—40. https://doi.org/10.1002/ajpa.22820.

Grant, William B. 2002. ‘An Estimate of Premature Cancer Mortality in the U.S. Due to Inadequate
Doses of Solar Ultraviolet-B Radiation’. Cancer 94 (6): 1867-75.
https://doi.org/10.1002/cner.10427.

Grauer, Anne L. 2012. ‘Introduction: The Scope of Paleopathology’. In 4 Companion to
Paleopathology, 1-14. New-Jersey: John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781444345940.chl.

Gregori, S., N. Giarratana, S. Smiroldo, M. Uskokovic, and L. Adorini. 2002. ‘A 1 ,25-
Dihydroxyvitamin D3 Analog Enhances Regulatory T-Cells and Arrests Autoimmune Diabetes in
NOD Mice’. Diabetes 51 (5): 1367-74. https://doi.org/10.2337/diabetes.51.5.1367.

Gutierrez, Eléa. 2017. ‘Réalisation d’un inventaire numérique 2D’.

Hardy, Anne. 2003. ‘Commentary: Bread and Alum, Syphilis and Sunlight: Rickets in the
Nineteenth  Century’. International Journal of Epidemiology 32 (3): 337-40.
https://doi.org/10.1093/ije/dyg175.

Haugen, A. C., T. T. Schug, G. Collman, and J. J. Heindel. 2015. ‘Evolution of DOHaD: The
Impact of Environmental Health Sciences’. Journal of Developmental Origins of Health and

Disease 6 (2): 55-64. https://doi.org/10.1017/S2040174414000580.

Hershkovitz, Israel, Charles M. Greenwald, Bruce Latimer, Lyman M. Jellema, Susanne Wish-
Baratz, Vered Eshed, Olivier Dutour, and Bruce M. Rothschild. 2002. ‘Serpens Endocrania
Symmetrica (SES): A New Term and a Possible Clue for Identifying Intrathoracic Disease in
Skeletal Populations’. American Journal of Physical Anthropology 118 (3): 201-16.
https://doi.org/10.1002/ajpa.10077.

Holick, M. 2002. ‘Vitamin D: The Underappreciated D-Lightful Hormone That Is Important for
Skeletal and Cellular Health’: Current Opinion in Endocrinology & Diabetes 9 (1): 87-98.
https://doi.org/10.1097/00060793-200202000-00011.

—— 2003. “Vitamin D: A Millenium Perspective: Vitamin D’. Journal of Cellular

77



Biochemistry 88 (2): 296-307. https://doi.org/10.1002/jcb.10338.

Holick, M. 2004. ‘Vitamin D: Importance in the Prevention of Cancers, Type 1 Diabetes, Heart
Disease, and Osteoporosis’. The American Journal of Clinical Nutrition 79 (3): 362-71.
https://doi.org/10.1093/ajcn/79.3.362.

Holick, M. 2006. ‘High Prevalence of Vitamin D Inadequacy and Implications for Health’. Mayo
Clinic Proceedings 81 (3): 353—73. https://doi.org/10.4065/81.3.353.

Holick, M, and M Jenkins. 2003. The UV Advantage. New-York, NY: iBooks.

Holick, M., Lois Y. Matsukoa, and Jacobo Wortsman. 1989. ‘Age, Vitamin D, and Solar
Ultraviolet’. The Lancet 2: 1104-5. https://doi.org/10.1016/S0140-6736(89)91126-4.

Holman, Darryl J., and Kenneth A. Bennett. 1991. ‘Determination of Sex from Arm Bone
Measurements’.  American  Journal of Physical Anthropology 84 (4): 421-26.
https://doi.org/10.1002/ajpa.1330840406.

Houle-Wierzbicki, Zocha. 2015. ‘Etude paléopathologique préliminaire & travers I’analyse
macroscopique et scanographique: exemple du cimetiere St. Matthew, ville de Québec (1771-

1860)’. Montréal: Université de Montréal.

Huotari, Anne, and Karl-Heinz Herzig. 2008. ‘Vitamin D and Living in Northern Latitudes—an
Endemic Risk Area for Vitamin D Deficiency’. International Journal of Circumpolar Health 67
(2-3): 164-78. https://doi.org/10.3402/ijch.v6712-3.18258.

Iscan, M. Yasar, S. R. Loth, and R. K. Wright. 1984. ‘Age Estimation from the Rib by Phase
Analysis:  White Males’. Journal of Forensic Science 29 (4): 1094-1104.
https://doi.org/10.1520/JFS11776J.

. 1985. ‘Age Estimation from the Rib by Phase Analysis: White Females’. Journal of
Forensic Science 30 (3): 853—63. https://doi.org/10.1520/JFS11018J.

Ivanhoe, Francis. 1982. ‘Interglobular Dentine in First and Third Molars: Relation to Hours of
Sunshine during Growth in Two Archeological Populations from England’. Calcified Tissue

International 34 (1): 136—44. https://doi.org/10.1007/BF02411224.

Ives, Rachel. 2018. ‘Rare Paleopathological Insights into Vitamin D Deficiency Rickets, Co-
78



Occurring Illnesses, and Documented Cause of Death in Mid-19th Century London, UK’.
International Journal of Paleopathology 23: 76-87. https://doi.org/10.1016/}.1jpp.2017.11.004.

Ives, Rachel, and Louise Humphrey. 2018. ‘Endochondral Growth Disruption during Vitamin D
Deficiency Rickets in a Mid-19th Century Series from Bethnal Green, London, UK’. American
Journal of Physical Anthropology 167 (3): 585—-601. https://doi.org/10.1002/ajpa.23687.

John, Esther M., Gary G. Schwartz, Darlene M. Dreon, and Jocelyn Koo. 1999. ‘Vitamin D and
Breast Cancer Risk: The NHANES I Epidemiologic Follow-up Study, 1971-1975 to 1992°. Cancer
Epidemiology and Prevention Biomarkers 8 (5): 399-406.

Jones, Glenville. 2018. ‘The Discovery and Synthesis of the Nutritional Factor Vitamin D’.
International Journal of Paleopathology 23: 96-99. https://doi.org/10.1016/}.1jpp.2018.01.002.

Jones, Glenville, Stephen A. Strugnell, and Hector F. DeLuca. 1998. ‘Current Understanding of
the Molecular Actions of Vitamin D’. Physiological Reviews 78 (4): 1193-1231.
https://doi.org/10.1152/physrev.1998.78.4.1193.

Katzenberg, Mary Anne, and Shelley Rae Saunders. 2000. Biological Anthropology of the Human
Skeleton. New York; Toronto: Wiley.
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119151647.

Kent, Michael. 2007. ‘Pathological Condition’. In The Oxford Dictionary of Sports Science &
Medicine, Third. Oxford University Press.
https://www.oxfordreference.com/view/10.1093/acret/9780198568506.001.0001/acref-
9780198568506-e-5121.

Kinaston, Rebecca, Anna Willis, Justyna J. Miszkiewicz, Monica Tromp, and Marc F. Oxenham.
2019. ‘The Dentition: Development, Disturbances, Disease, Diet, and Chemistry’. In Ortner’s
Identification of Pathological Conditions in Human Skeletal Remains, edited by Jane E. Buikstra,
Third, 749-81. Elsevier / Academic Press.

King, T., L. T. Humphrey, and S. Hillson. 2005. ‘Linear Enamel Hypoplasias as Indicators of
Systemic Physiological Stress: Evidence from Two Known Age-at-Death and Sex Populations
from Postmedieval London’. American Journal of Physical Anthropology 128 (3): 547-59.
https://doi.org/10.1002/ajpa.20232.

79



Klaus, Haagen D., and Niels Lynnerup. 2019. ‘Abnormal Bone: Considerations for
Documentation, Disease Process Identification, and Differential Diagnosis’. In Ortner’s
Identification of Pathological Conditions in Human Skeletal Remains, edited by Jane Buikstra,
Third, 59-89. Elsevier / Academic Press.

Koutkia, Polyxeni, Zhiren Lu, Tai C. Chen, and Michael F. Holick. 2001. ‘Treatment of Vitamin
D Deficiency Due to Crohn’s Disease with Tanning Bed Ultraviolet B Radiation’.
Gastroenterology 121 (6): 1485-88. https://doi.org/10.1053/gast.2001.29686.

Kovacs, Christopher S. 2011. ‘Fetus, Neonate and Infant’. In Vitamin D (Third Edition), edited by
David Feldman, J. Wesley Pike, and John S. Adams, 625-46. San Diego: Academic Press.
https://doi.org/10.1016/B978-0-12-381978-9.10035-6.

Kreiter, Shelley R., Robert P. Schwartz, Henry N. Kirkman, Philippa A. Charlton, Ali S. Calikoglu,
and Marsha L. Davenport. 2000. ‘Nutritional Rickets in African American Breast-Fed Infants’. The
Journal of Pediatrics 137 (2): 153-57. https://doi.org/10.1067/mpd.2000.109009.

Kumar, Vinay, Abul K. Abbas, Nelson Fausto, and Jon C. Aster. 2014. Robbins and Cotran
Pathologic Basis of Disease, Professional Edition E-Book. Elsevier Health Sciences.

Lamberg-Allardt, Christel J. E., Terhi A. Outila, Merja U. M. Kérkkéinen, Hannu J. Rita, and Liisa
M. Valsta. 2001. ‘Vitamin D Deficiency and Bone Health in Healthy Adults in Finland: Could This
Be a Concern in Other Parts of Europe?’ Journal of Bone and Mineral Research 16 (11): 2066—73.
https://doi.org/10.1359/jbmr.2001.16.11.2066.

Lewis, M. E. 2004. ‘Endocranial Lesions in Non-Adult Skeletons: Understanding Their
Aectiology’.  International  Journal — of  Osteoarchaeology 14 (2): 82-97.
https://doi.org/10.1002/0a.713.

Lewis, M. E., C. A. Roberts, and K. Manchester. 1995. ‘Comparative Study of the Prevalence of
Maxillary Sinusitis in Later Medieval Urban and Rural Populations in Northern England’.
American Journal of Physical Anthropology 98 (4): 497-506.
https://doi.org/10.1002/ajpa.13309804009.

Lewis, Mary E. 2002. ‘Impact of Industrialization: Comparative Study of Child Health in Four
Sites from Medieval and Postmedieval England (A.D. 850-1859)’. American Journal of Physical
80



Anthropology 119 (3): 211-23. https://doi.org/10.1002/ajpa.10126.

Library and Archives Canada. 2016. ‘New France New Horizons: On French Soil in America’.
Library and Archives Canada. 2016. https://www.bac-lac.gc.ca/eng/discover/exploration-

settlement/new-france-new-horizons/Pages/daily-life.aspx.

Ling, R. J. 1973. ‘J. E. Packer, The Insulae of Imperial Ostia. (Memoirs of the American Academy
in Rome, Xxxi.)’. The Journal of Roman Studies 63: 279-81. https://doi.org/10.2307/299209.

Linteau, Paul-André. 2007. Bréve Histoire de Montréal. 2nd edition. Montréal: Boréal.

Linteau, Paul-André, and Jean-Claude Robert. 1985. ‘Montréal au 19e siécle: bilan d’une
recherche’. Urban History Review 13 (3): 206-23. https://doi.org/10.7202/1018103ar.

Liu, P. T. 2006. ‘Toll-Like Receptor Triggering of a Vitamin D-Mediated Human Antimicrobial
Response’. Science 311 (5768): 1770-73. https://doi.org/10.1126/science.1123933.

Liversidge, Helen M. 2015. ‘Controversies in Age Estimation from Developing Teeth’. Annals of

Human Biology 42 (4): 397—-406. https://doi.org/10.3109/03014460.2015.1044468.

Lockau, Laura, and Stephanie A. Atkinson. 2018. ‘Vitamin D’s Role in Health and Disease: How
Does the Present Inform Our Understanding of the Past?’ International Journal of Paleopathology
23: 6-14. https://doi.org/10.1016/5.ijpp.2017.11.005.

Lovejoy, C. Owen. 1985. ‘Dental Wear in the Libben Population: Its Functional Pattern and Role
in the Determination of Adult Skeletal Age at Death’. American Journal of Physical Anthropology
68 (1): 47-56. https://doi.org/10.1002/ajpa.1330680105.

MacLaughlin, J, and M F Holick. 1985. ‘Aging Decreases the Capacity of Human Skin to Produce
Vitamin D3> Journal of  Clinical Investigation 76 (4): 1536-38.
https://doi.org/10.1172/JCI1112134.

Mann, Robert W., and David R. Hunt. 2013. Photographic Regional Atlas of Bone Disease: A
Guide to Pathologic and Normal Variation in the Human Skeleton. 3rd ed. Spingfield: Charles C
Thomas Publisher.

81



Manolagas, Stavros C., Diego M. Provvedini, and Constantine D. Tsoukas. 1985. ‘Interactions of
1,25-Dihydroxyvitamin D3 and the Immune System’. Molecular and Cellular Endocrinology 43
(2): 113-22. https://doi.org/10.1016/0303-7207(85)90074-7.

Manolagas, Stavros C., Deborah A. Werntz, Constantine D. Tsoukas, Diego M. Provvedini, and
John H. Vaughan. 1986. ‘1,25-Dihydroxyvitamin D3 Receptors in Lymphocytes from Patients with
Rheumatoid Arthritis’. The Journal of Laboratory and Clinical Medicine 108 (6): 596—600.
https://doi.org/10.5555/uri:pii:002221438690034X.

Maresh, MM. 1970. ‘Measurements from Roentgen-Ograms, Heart Size, Long Bone Lengths,
Bone, Musclesand Fat Widths, Skeletal Maturation.” In Human Growth and Development, edited
by RW. MacCammon, 155-200. Springfield, IL: Charles C Thomas.

Marques, Carina. 2019. ‘“Tumors of Bone’. In Ortner’s Identification of Pathological Conditions
in Human Skeletal Remains, edited by Jane E. Buikstra, Third, 639-711. Elsevier / Academic Press.

Mathieu, C., M. Waer, J. Laureys, O. Rutgeerts, and R. Bouillon. 1994. ‘Prevention of
Autoimmune Diabetes in NOD Mice by 1,25 Dihydroxyvitamin D3’. Diabetologia 37: 552-58.

Matsukoa, Lois Y., Jacobo Wortsman, TC. Chen, and M.F. Holick. 1995. ‘Compensation for the
Interracial Variance in the Cutaneous Synthesis of Vitamin D’. Journal of Laboratory and Clinical

Medicine 126: 452-57.

Matsukoa, Lois Y., Jacobo Wortsman, John G. Haddad, Paul Kolm, and Bruce W. Hollis. 1991.
‘Racial Pigmentation and the Cutaneous Synthesis of Vitamin D’. Archives of Dermatology 127:
536-38.

Maxwell, J. D. 1994. ‘Seasonal Variation in Vitamin D’. Proceedings of the Nutrition Society 53
(3): 533-43. https://doi.org/10.1079/PNS19940063.

Mays, S. 2018. ‘The Epidemiology of Rickets in the 17th—19th Centuries: Some Contributions
from Documentary Sources and Their Value to Palaeopathologists’. International Journal of

Paleopathology 23: 88-95. https://doi.org/10.1016/j.1jpp.2017.10.011.

Mays, S., M. Brickley, and R. Ives. 2006. ‘Skeletal Manifestations of Rickets in Infants and Young
Children in a Historic Population from England’. American Journal of Physical Anthropology 129

82



(3): 362—74. https://doi.org/10.1002/ajpa.20292.

.2007. ‘Skeletal Evidence for Hyperparathyroidism in a 19th Century Child with Rickets’.
International Journal of Osteoarchaeology 17 (1): 73-81. https://doi.org/10.1002/0a.854.

Mays, S., T. Prowse, M. George, and M. Brickley. 2018. ‘Latitude, Urbanization, Age, and Sex as
Risk Factors for Vitamin D Deficiency Disease in the Roman Empire’. American Journal of

Physical Anthropology 167 (3): 484-96. https://doi.org/10.1002/ajpa.23646.

Meddeb, N., H. Sahli, M. Chahed, J. Abdelmoula, M. Feki, Hadj Salah, S. Frini, et al. 2005.
‘Vitamin D Deficiency in Tunisia’. Osteoporosis International 16 (2): 180-83.
https://doi.org/10.1007/s00198-004-1658-6.

Meindl, Richard S., and C. Owen Lovejoy. 1985. ‘Ectocranial Suture Closure: A Revised Method
for the Determination of Skeletal Age at Death Based on the Lateral-Anterior Sutures’. American

Journal of Physical Anthropology 68 (1): 57—66. https://doi.org/10.1002/ajpa.1330680106.

Mellanby, M. 1934. Diet and the teeth. An experimental study. Part 3. The effect of diet on dental
Structure and disease in man. London: H.M. Stationery Office.

https://www.cabdirect.org/cabdirect/abstract/19341400977.

Mellanby, May. 1928. ‘The Influence of Diet on the Structure of Teeth’. Physiological Reviews 8:
545-77. https://doi.org/10.1152/physrev.1928.8.4.545.

Miles, A, W White, and D Tankard. 2008. Burial at the Site of the Parish Church of St. Benet
Sherehog before and after the Great Fire. London: Museum of London Archaeology Sve.

Milner, George R., and Jesper L. Boldsen. 2017. ‘Life Not Death: Epidemiology from Skeletons’.
International Journal of Paleopathology 17: 26-39. https://doi.org/10.1016/}.1jpp.2017.03.007.

Misra, M., D. Pacaud, A. Petryk, P. F. Collett-Solberg, M. Kappy, and on behalf of the Drug and
Therapeutics Committee of the Lawson Wilkins Pediatric Endocrine Society. 2008. ‘Vitamin D
Deficiency in Children and Its Management: Review of Current Knowledge and

Recommendations’. PEDIATRICS 122 (2): 398-417. https://doi.org/10.1542/peds.2007-1894.

Mitchell, Piers D, and Megan Brickley. 2017. ‘Updated Guidelines to the Standards for Recording

Human Remains’. CIfA professional practice series.

83



Molleson, T., and M. Cox. 1993. The Spitafields Project Volume 2-The Anthropology. Vol.
Research Report 86. London: Council for Birtish Archaeology.

Moore, A. 1999. 4 History of Redhill. The Town from Its Earliest Beginnings to the End of the 19th
Century. Vol. 1. Worthing: Grapevine Print.

Morland, Fanny. 2009. ‘Nutrition et état de santé : études paléochimique et paléopathologique de
la population exhumée du cimeti¢re protestant Saint-Matthew, ville de Québec, Canada (1771-

1860)’. Montréal: Université de Montréal.

Murail, P., J. Bruzek, F. Houét, and E. Cunha. 2005. ‘DSP: A tool for probabilistic sex diagnosis
using worldwide variability in hip-bone measurements’. Bulletins et mémoires de la Société

d’Anthropologie de Paris, no. 17 (3-4) (December): 167-76.

Naveed, Hasan, Saif F. Abed, Indran Davagnanam, Jimmy M. Uddin, and Philip J. Adds. 2012.
‘Lessons from the Past: Cribra Orbitalia, An Orbital Roof Pathology’. Orbit 31 (6): 394-99.
https://doi.org/10.3109/01676830.2012.723785.

Nnoaham, Kelechi E., and Aileen Clarke. 2008. ‘Low Serum Vitamin D Levels and Tuberculosis:
A Systematic Review and Meta-Analysis’. International Journal of Epidemiology 37 (1): 113-19.
https://doi.org/10.1093/ije/dym247.

Ortner, Donald J. 2011. ‘Human Skeletal Paleopathology’. International Journal of
Paleopathology 1 (1): 4-11. https://doi.org/10.1016/].ijpp.2011.01.002.

Osmond, C., D. J. Barker, P. D. Winter, C. H. Fall, and S. J. Simmonds. 1993. ‘Early Growth and
Death from Cardiovascular Disease in Women.’ British Medical Journal 307 (6918): 1519-24.
https://doi.org/10.1136/bm;j.307.6918.1519.

Packer, James E. 1967. ‘Housing and Population in Imperial Ostia and Rome*’. The Journal of

Roman Studies 57 (1-2): 80-95. https://doi.org/10.2307/299346.

Pearce, S. H., and T. D Cheetham. 2010. ‘Diagnosis and Management of Vitamin D Deficiency’.
BMJ 340 (janl1 1): b5664-b5664. https://doi.org/10.1136/bmj.b5664.

Peckmann, Tanya R., Susan Meek, Natasha Dilkie, and Andrew Rozendaal. 2016. ‘Determination

of Sex from the Patella in a Contemporary Spanish Population’. Journal of Forensic and Legal

84



Medicine 44: 84-91. https://doi.org/10.1016/j.jflm.2016.09.007.

Perrault, H.M. 1867. Plan d’une Propriété Appartenant a La Fabrique de Montréal Connue Sous
Le Nom de [’ancien Cimetiere Catholique Situé Au Quartier Saint-Antoine et Indiquant Sa

Subdivision En Lots. 1001-ARC-268 ANQM CA 601 S535S1 P557. Fonds de la Fabrique de la

paroisse Notre-Dame de Montréal, plans et dessins.

Peterlik, Meinrad. 2012. ‘Vitamin D Insufficiency and Chronic Diseases: Hype and Reality’. Food
& Function 3 (8): 784-94. https://doi.org/10.1039/C2FO10262E.

Pettifor, John M. 2004. ‘Nutritional Rickets: Deficiency of Vitamin D, Calcium, or Both?’ The
American Journal of Clinical Nutrition 80 (6): 1725S-1729S.
https://doi.org/10.1093/ajcn/80.6.17258.

Piontek, J., and T. Kozlowski. 2002. ‘Frequency of Cribra Orbitalia in the Subadult Medieval
Population from Gruczno, Poland’. International Journal of Osteoarchaeology 12 (3): 202-8.

https://doi.org/10.1002/0a.615.

Plato, C.C., W.W. Greulich, R.M. Garruto, and R. Yanagihara. 1984. ‘Cortical Bone Loss and
Measurements of the Second Metacarpal Bone: II. Hypodense Bone in Postwar Guamanian

Children.” American Journal of Physical Anthropology 63: 57-63.

Rapuri, Prema B, H Karimi Kinyamu, J Christopher Gallagher, and Vera Haynatzka. 2002.
‘Seasonal Changes in Calciotropic Hormones, Bone Markers, and Bone Mineral Density in Elderly

Women’. The Journal of Clinical Endocrinology & Metabolism 87 (5): 2024-32.

Redfern, Rebecca, and Charlotte E. Roberts. 2019. ‘Trauma’. In Ortner’s Identification of
Pathological Conditions in Human Skeletal Remains, edited by Jane E. Buikstra, Third, 211-73.

Elsevier / Academic Press.

Reeve, L. E., R. W. Chesney, and H. F. DeLuca. 1982. ‘Vitamin D of Human Milk: Identification
of Biologically Active Forms’. The American Journal of Clinical Nutrition 36 (1): 122-26.
https://doi.org/10.1093/ajcn/36.1.122.

Reid, lan R, Mark J Bolland, and Andrew Grey. 2014. ‘Effects of Vitamin D Supplements on Bone
Mineral Density: A Systematic Review and Meta-Analysis’. The Lancet 383 (9912): 146-55.

85



https://doi.org/10.1016/S0140-6736(13)61647-5.

Reinhold, John. 1976. ‘Rickets in Asian Americans’. The Lancet, Originally published as Volume
2, Issue 7995, 308 (7995): 1132-33. https://doi.org/10.1016/S0140-6736(76)91104-1.

Roberts, Charlotte. 2017. ‘Guidance on Recording Palaecopathology (Abnormal Variation)’. Edited
by Piers D Mitchell and Megan Brickley. CIfA professional practice series.

Roberts, Charlotte A. 2007. ‘A Bioarcheological Study of Maxillary Sinusitis’. American Journal
of Physical Anthropology 133 (2): 792—-807. https://doi.org/10.1002/ajpa.20601.

. 2018. Human remains in archaeology: a handbook. 2nd edition. Practical handbooks in

archaeology ; no. 19. York: Council for British Archaeology.

. 2019. “Infectious Disease: Introduction, Periostosis, Periostitis, Osteomyelitis, and Septic
Arthritis’. In Ortner’s Identification of Pathological Conditions in Human Skeletal Remains, edited
by Jane E. Buikstra, Third, 285-317. Elsevier / Academic Press.

Roberts, Charlotte A., and Megan Brickley. 2018. ‘Infectious and Metabolic Diseases: A
Synergistic Relationship’. In Biological Anthropology of the Human Skeleton, edited by M. Anne
Katzenberg and Anne L. Grauer, 415-46. Hoboken, NJ, USA: John Wiley & Sons, Inc.
https://doi.org/10.1002/9781119151647.ch12.

Roberts, Charlotte A., and Jane E. Buikstra. 2019. ‘Bacterial Infections’. In Ortner’s Identification
of Pathological Condtions in Human Skeletal Remains, edited by Jane E. Buikstra, Third, 321—

431. Elsevier / Academic Press.

Robertson, Iris, J. A. Ford, W. B. McIntosh, and M. G. Dunnigan. 1981. ‘The Role of Cereals in
the Aetiology of Nutritional Rickets: The Lesson of the Irish National Nutrition Survey 1943-8’.
British Journal of Nutrition 45 (1): 17-22. https://doi.org/10.1079/BJIN19810073.

Rosenfeld, Cheryl S. 2015. The Epigenome and Developmental Origins of Health and Disease.

Academic Press.

Rucker, Diana, Jane A. Allan, Gordon H. Fick, and David A. Hanley. 2002. ‘Vitamin D
Insufficiency in a Population of Healthy Western Canadians’. Canadian Medical Association

Journal 166 (12): 1517-24.
86



Sachan, Alok, Renu Gupta, Vinita Das, Anjoo Agarwal, Pradeep K Awasthi, and Vijayalakshmi
Bhatia. 2005. ‘High Prevalence of Vitamin D Deficiency among Pregnant Women and Their
Newborns in Northern India’. The American Journal of Clinical Nutrition 81 (5): 1060—64.
https://doi.org/10.1093/ajcn/81.5.1060.

Schaefer, Maureen, Sue M. Black, and Louise Scheuer. 2009. Juvenile Osteology: A Laboratory
and Field Manual. London: Academic.
http://www.sciencedirect.com/science/book/9780123746351.

Schattmann, Annabelle, Benoit Bertrand, Sophie Vatteoni, and Megan Brickley. 2016.
‘Approaches to Co-Occurrence: Scurvy and Rickets in Infants and Young Children of 16—18th
Century Douai, France’. [International Journal of Paleopathology 12: 63-75.
https://doi.org/10.1016/j.ijpp.2015.12.002.

Scheuer, Louise. 2000. Developmental Juvenile Osteology. Amsterdam: Elsevier / Academic Press.

Scheuer, Louise, and Sue MacLaughlin-Black. 1994. ‘Age Estimation from the Pars Basilaris of
the Fetal and Juvenile Occipital Bone’. International Journal of Osteoarchaeology 4 (4): 377-80.
https://doi.org/10.1002/0a.1390040412.

Schmitt, A. 2005. ‘Une nouvelle méthode pour estimer I’age au déces des adultes a partir de la
surface sacro-pelvienne iliaque’. Bulletins et mémoires de la Société d’Anthropologie de Paris, no.

17 (1-2): 89-101.

Schottker, Ben. 2013. ‘Serum 25-Hydroxyvitamin D Levels and Overall Mortality. A Systematic
Review and Meta-Analysis of Prospective Cohort Studies’. Ageing Research Reviews 12: 708—12.
https://doi.org/doi:10.1016/j.arr.2012.02.004.

Schour, Isaac. 1936. ‘The Neonatal Line in the Enamel and Dentin of the Human Deciduous Teeth
and First Permanent Molar’. The Journal of the American Dental Association (1922) 23 (10):
1946-55. https://doi.org/10.14219/jada.archive.1936.0277.

Seow, Wk, K Romaniuk, and S Sclavos. 1989. ‘Micromorphologic Features of Dentin in Vitamin
D-Resistant Rickets: Correlation with Clinical Grading of Severity.” Pediatric Dentistry 11 (3):
203-8.

87



Shin, Natalya, Nader Ghotbi, and William B. Claster. 2009. ‘Increased Risk of Rickets among
Infants Raised in the Uzbek Cradle, Beshik’. Acta Medica Nagasakiensia 53 (3): 55-58.
https://doi.org/10.11343/amn.53.55.

Snijder, Marieke B., Rob M. van Dam, Marjolein Visser, Dorly J. H. Deeg, Jacqueline M. Dekker,
Lex M. Bouter, Jaap C. Seidell, and Paul Lips. 2005. ‘Adiposity in Relation to Vitamin D Status
and Parathyroid Hormone Levels: A Population-Based Study in Older Men and Women’. The
Journal  of  Clinical  Endocrinology &  Metabolism 90 (7): 4119-23.
https://doi.org/10.1210/jc.2005-0216.

Snoddy, Anne Marie E, Hallie R Buckley, and Sian E. Halcrow. 2016. ‘More than Metabolic:
Considering the Broader Paleoepidemiological Impact of Vitamin D Deficiency in

Bioarchaeology: The Paleoepidemiological Impact of Vitamin D Deficiency’. American Journal

of Physical Anthropology 160 (2): 183-96. https://doi.org/10.1002/ajpa.22968.

Specker, Bonny L. 1985. ‘Effect of Race and Diet on Human-Milk Vitamin D and 25-
Hydroxyvitamin D’. Archives of Pediatrics & Adolescent Medicine 139 (11): 1134.
https://doi.org/10.1001/archpedi.1985.02140130072032.

Specker, Bonny L., Barbara Valanis, Vicki Hertzberg, Neil Edwards, and Reginald C. Tsang. 1985.
‘Sunshine Exposure and Serum 25-Hydroxyvitamin D Concentrations in Exclusively Breast-Fed
Infants’. The Journal of Pediatrics 107 (3): 372-76. https://doi.org/10.1016/S0022-
3476(85)80509-6.

Steele, D. Gentry. 1976. ‘The Estimation of Sex on the Basis of the Talus and Calcaneus’.
American Journal of Physical Anthropology 45 (3): 581-88.
https://doi.org/10.1002/ajpa.1330450323.

Stevenson, Angus, and Christine A. Lindberg, eds. 2015. ‘Pathognomonic’. In New Oxford
American Dictionary, Third. Oxford University Press.
https://www.oxfordreference.com/view/10.1093/acref/9780195392883.001.0001/m_en_us12760
78.

Storey, Glenn R. 1997. ‘The Population of Ancient Rome’. Antiquity 71 (274): 966-78.
https://doi.org/10.1017/S0003598X00085859.

88



. 2001. ‘Regionaries-Type Insulae 1: Architectural/Residential Units at Ostia’. American

Journal of Archaeology 105 (3): 389—401. https://doi.org/10.2307/507362.

. 2003. ‘The “Skyscrapers” of the Ancient Roman World’. Latomus 62 (1): 3-26.

Stuart-Macadam, Patty. 1991. ‘Anaemia in Roman Britain: Poundbury Camp’. In Health in Past
Societies:Biocultural Interpretations of Human Skeletal Remains in Archaeological Contexts, 101—

28. Oxford: TEMPVS REPARATVM.

Suchey, J.M., S.T. Brooks, and D. Katz. 1988. ‘Instructions for Use of the Suchey—Brooks System
for Age Determination for the Female Os Pubis’. In Instructional Materials Accompanying Female

Pubic Symphyseal Models of the Suchey—Brooks System. United-States: France Casting.

Sullivan, P. B. 1993. ‘Cows’ Milk Induced Intestinal Bleeding in Infancy.’ Archives of Disease in
Childhood 68 (2): 240-45. https://doi.org/10.1136/adc.68.2.240.

Suzuki, K. 2018. ‘The Developing World of DOHaD’. Journal of Developmental Origins of Health
and Disease 9 (3): 266—69. https://doi.org/10.1017/S2040174417000691.

Tangpricha, Vin, Elizabeth N. Pearce, Tai C. Chen, and Michael F. Holick. 2002. ‘Vitamin D
Insufficiency among Free-Living Healthy Young Adults’. The American Journal of Medicine 112
(8): 659-62. https://doi.org/10.1016/S0002-9343(02)01091-4.

Thacher, Tom D., and Bart L. Clarke. 2011. ‘Vitamin D Insufficiency’. Mayo Clinic Proceedings
86 (1): 50—60. https://doi.org/10.4065/mcp.2010.0567.

Theodoratou, E., I. Tzoulaki, L. Zgaga, and J. P. A. loannidis. 2014. ‘Vitamin D and Multiple
Health Outcomes: Umbrella Review of Systematic Reviews and Meta-Analyses of Observational
Studies and  Randomised  Trials’.  BMJ 348  (aprOl 2): 22035-g2035.
https://doi.org/10.1136/bm;j.g2035.

Thomas, C.L., ed. 1985. Taber’s Cyclopedic Medical Dictionary. 15th ed. Philadelphia: Davis.

Thompkinson, D. K., and Suman Kharb. 2007. ‘Aspects of Infant Food Formulation’.
Comprehensive  Reviews in  Food Science and Food Safety 6 (4): 79-102.
https://doi.org/10.1111/5.1541-4337.2007.00020.x.

Thornton, Patricia A., and Sherry Olson. 1991. ‘Family Contexts of Fertility and Infant Survival in
89



Nineteenth-Century ~ Montreal’.  Journal of Family History 16 (4): 401-17.
https://doi.org/10.1177/036319909101600405.

Tserendolgor, U, JT Mawson, AC MacDonald, and M Oyunbileg. 1998. ‘Prevalence of Rickets in
Mongolia’. Asia Pacific Journal of Clinical Nutrition 7 (3/4): 325-28.

Tvinnereim, Helene Meyer, Gunvor Bentung Lygre, Kjell Haug, Patricia Schreuder, and Kristin
Klock. 2012. ‘A Biobank of Primary Teeth within the Norwegian Mother and Child Cohort Study
(MoBa): A Resource for the Future’. Paediatric and Perinatal Epidemiology 26 (3): 264-71.
https://doi.org/10.1111/5.1365-3016.2012.01259.x.

Ubelaker, D.H. 1979. Human Skeletal Remains: Excavation, Analysis and Interpretation.

Washington, D.C.: Smithsonian Institute press.

UCLA Statistical Consulting Group. 2020a. ‘Choosing the Correct Statistical Test in SAS, Stata,
SPSS and R’. UCLA Statistical Consulting Group. 2020. https://stats.idre.ucla.edu/other/mult-
pkg/whatstat/.

.2020b. “What Statistical Analysis Should I Use? Statistical Analyses Using SPSS’. UCLA
Statistical Consulting Group. 2020. https://stats.idre.ucla.edu/spss/whatstat/what-statistical-

analysis-should-i-usestatistical-analyses-using-spss/#exact.

Ustianowski, A., R. Shaffer, S. Collin, R. J. Wilkinson, and R. N. Davidson. 2005. ‘Prevalence and
Associations of Vitamin D Deficiency in Foreign-Born Persons with Tuberculosis in London’.

Journal of Infection 50 (5): 432-37. https://doi.org/10.1016/].jinf.2004.07.006.

Van Den Berg, C. J., L. F. Hill, and S. W. Stanbury. 1972. ‘Inositol Phosphates and Phytic Acid as
Inhibitors of Biological Calcification in the Rat’. Clinical Science 43 (3): 377-83.
https://doi.org/10.1042/cs0430377.

Veselka, Barbara. 2019. ‘D-Lightful Sunshine Disrupted: Vitamin D Deficiency as a Method for
the Reconstruction of Changes in Sociocultural Practices Due to Industrialisation in 17th - 19th

Century Netherlands’. Leiden University. https://hdl.handle.net/1887/68401.

Veselka, Barbara, Megan B. Brickley, Lori D’Ortenzio, Bonnie Kahlon, Menno L. P. Hoogland,
and Andrea L. Waters-Rist. 2019. ‘Micro-CT Assessment of Dental Mineralization Defects

90



Indicative of Vitamin D Deficiency in Two 17th—19th Century Dutch Communities’. American

Journal of Physical Anthropology 169 (1): 122-31. https://doi.org/10.1002/ajpa.23819.

Veselka, Barbara, Menno L.P. Hoogland, and Andrea L. Waters-Rist. 2015. ‘Rural Rickets:
Vitamin D Deficiency in a Post-Medieval Farming Community from the Netherlands: Rickets in a
19th Century Dutch Village’. International Journal of Osteoarchaeology 25 (5): 665-75.
https://doi.org/10.1002/0a.2329.

Veselka, Barbara, Alie E. van der Merwe, Menno L.P. Hoogland, and Andrea L. Waters-Rist. 2018.
‘Gender-Related Vitamin D Deficiency in a Dutch 19th Century Farming Community’.
International Journal of Paleopathology 23: 69-75. https://doi.org/10.1016/}.1jpp.2017.11.001.

Vikatou, Irene, Menno L.P. Hoogland, and Andrea L. Waters-Rist. 2017. ‘Osteochondritis
Dissecans of Skeletal Elements of the Foot in a 19th Century Rural Farming Community from The
Netherlands’. International Journal of Paleopathology 19: 53-63.
https://doi.org/10.1016/}.ijpp.2017.09.005.

Ville de Montréal. 2016. ‘Le Cimetiere Catholique Saint-Antoine’.

https://ville.montreal.qc.ca/memoiresdesmontrealais/le-cimetiere-catholique-saint-antoine.

Waldron, Tony. 1994. Counting the Dead: The Epidemiology of Skeletal Populations. England:
John Wiley & Sons.

. 2019. ‘Joint Disease’. In Ortner’s Identification of Pathological Conditions in Human
Skeletal Remains, edited by Jane E. Buikstra, Third, 719-45. Elsevier / Academic Press.

Waters-Rist, A.L., and M.L.P. Hoogland. 2017. ‘Stable Isotope Reconstruction of Maladaptive
Breastfeeding and Weaning Practices in a 19th Century Rural Dutch Community: The Effect of
Possible Negative Nitrogen Balance on Stable Nitrogen Isotope Values’. Poster presented at the
The 86th Annual Meeting of the American Association of Physical Anthropologists, New-Orleans,
USA.

Watts, Rebecca, and Sascha-Ray Valme. 2018. ‘Osteological Evidence for Juvenile Vitamin D
Deficiency in a 19th Century Suburban Population from Surrey, England’. International Journal

of Paleopathology 23: 60—68. https://doi.org/10.1016/}.ijpp.2018.01.007.

91



Wayse, V, A Yousafzai, K Mogale, and S Filteau. 2004. ‘Association of Subclinical Vitamin D
Deficiency with Severe Acute Lower Respiratory Infection in Indian Children under 5 y’.

European Journal of Clinical Nutrition 58 (4): 563—67. https://doi.org/10.1038/sj.ejcn.1601845.

Webb, Ann R, Andreas Kazantzidis, Richard C Kift, Mark D Farrar, Jack Wilkinson, and Lesley
E Rhodes. 2018. ‘Meeting Vitamin D Requirements in White Caucasians at UK Latitudes:
Providing a Choice’. Nutrients 10 (4): 497-510.

Webb, A.R., L. Kline, and M.F. Holick. 1988. ‘Influence of Season and Latitude on the Cutaneous
Synthesis of Vitamin D3: Exposure to Winter Sunlight in Boston and Edmonton Will Not Promote
Vitamin D3 Synthesis in Human Skin’. The Journal of Clinical Endocrinology & Metabolism 67
(2): 373-78.

Wickes, 1.G. 1953a. ‘A History of Infant Feeding: Part III: Eighteenth and Nineteenth Century
Writers’. Archives of Disease in Childhood 28 (140): 332-40.
https://doi.org/10.1136/adc.28.140.332.

. 1953b. ‘A History of Infant Feeding: Part V.—Nineteenth Century Concluded and
Twentieth  Century’.  Archives of Disease in  Childhood 28 (142): 495-502.
https://doi.org/10.1136/adc.28.142.495.

Wood, James W., George R. Milner, Henry C. Harpending, Kenneth M. Weiss, Mark N. Cohen,
Leslie E. Eisenberg, Dale L. Hutchinson, et al. 1992. ‘The Osteological Paradox: Problems of
Inferring Prehistoric Health from Skeletal Samples [and Comments and Reply]’. Current
Anthropology 33 (4): 343-70. https://doi.org/10.1086/204084.

Wright, Lori E, and Cassady J Yoder. 2002. ‘Recent Progress in Bioarchaeology: Approaches to
the Osteological Paradox’. Journal of Archaeological Research 11 (1): 28.

Yu, X P, H Mocharla, F G Hustmyer, and S C Manolagas. 1991. ‘Vitamin D Receptor Expression
in Human Lymphocytes. Signal Requirements and Characterization by Western Blots and DNA
Sequencing.’ Journal of Biological Chemistry 266 (12): 7588-95. https://doi.org/10.1016/S0021-
9258(20)89488-5.

Yurdakok, K, T Yavuz, and C E Taylor. 1990. ‘Swaddling and Acute Respiratory Infections.’
American Journal of Public Health 80 (7): 873-75. https://doi.org/10.2105/AJPH.80.7.873.
92



ANNEXE A

Estimation of the state of preservation of the adult skeletons

The state of preservation is evaluated according to the Anatomical Conservation Index (ACI)
developed by Dutour (1989). This index, calculated for each identified individual, constitutes the
ratio between the sum of the preservation scores (XC) and the total number of bones in the skeleton

(N): ACI=100xXC/N

A score C is given to each type of bone or group of bones according to the following 6
degrees of conservation: complete= 1, almost complete= 0.95, % present = 0.75; half present =
0.50; %4 present= 0.25; absent = 0. The table below presents the different categories of

conservation that can be inferred by the calculated ACI.

ACI Preservation category
1a9.9 Bad
10a19.9 Poor
20a39.9 Correct
40a59.9 Good
60 a 79.9 Very good
802a 100 Excellent
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ANNEXE B

Methods used for the sex estimation of adult skeletons

The sex estimation of individuals under the age of 18 years old is almost impossible and not
recommended (Katzenberg and Saunders 2000; Scheuer 2000). Indeed, sexual dimorphism, i.e.
skeletal differences between males and females, is only significant once puberty starts (Roberts
2018, 127). Sex estimation is generally done using the coxal bone and the skull, which are more
accurate (Murail et al. 2005; Bruzek 2002; Byers 2016; Buikstra and Ubelaker 1994). However,
many other methods were developed using other bones, for example, the patellas,
metacarpals/metatarsals, tarsals and long bones (eg. humerus, radius, ulna) (see table below). This
increases the possibilities for sex estimation, especially in the case of fragmentary individuals.
However, these methods are limited in their accuracy because of the intra-inter observers’ errors,
the nature of the reference population used for the method (i.e. time period or origin) and the age-
at-death of the individuals (Roberts 2018, 126). Thus, we used here six sex estimates: not applicable
due to young age (N.A.), female, likely female, male, likely male and undetermined (Und.). Female
and male tendencies are terms used when the results of various methods are mixed but

predominantly indicate one sex or the other.

Age Type of Author-reference population Description of method-
category method based on...
Adult Metric Murail et al. 2005-Olivier collection Probabilistic sexual

(France 20™ century), Spitafields diagnosis (PSD) using
collection (England 18-19™ centuries), Coxal bones
Tamagnini collection (Portugal 19-20™
centuries), Garmus collection (Lithuania
20" century), Dart collection (South
Africa 20" century), Hamann-Todd
collection and Terry collection (the
United States 20" century), forensic
collection (Thailand, 20™ century)
Non-metric Bruzek 2002-France (20" century), Coxal bones
Portugal (19-20™ century)

Byers 2016- Unknown. Sacrum
Buikstra and  Ubelaker 1994- Skull
Unknown

Metric DiMichele and Spradley 2012-United Calcaneus

States (1900-1985).
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Case and Ross 2007-Terry collection Metacarpals, metatarsals
(United States, 20" century) and phalanges

Steele 1976-Terry collection (United Calcaneus and talus
States, 20" century)

Holman and Bennett 1991-Terry Upper long bones.
collection (United States, 20™ century)

Peckmann et al. 2016- Patella

(Spain, 21* century)
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ANNEXE C

Age-at-death estimation

The age-at-death was estimated using various metric and non-metric methods. The table
below presents the methods in detail. Concerning the nonadults, estimation of age-at-death is more
accurate than for adults (Roberts 2018, 131). The principal methods of age-at-death estimation for
the juveniles are based on dental calcification and eruption (AlQahtani, Hector, and Liversidge
2010; Ubelaker 1979), as well as on bone development, although often less precise than tooth
development (i.e. long bones length, union of primary ossification centres and fusion of epiphyses)
(Schaefer, Black, and Scheuer 2009; Black and Scheuer 1996; Scheuer and MacLaughlin-Black
1994; Molleson and Cox 1993; Plato et al. 1984; Fazekas and Kodsa 1978; Maresh 1970). Indeed,
teeth are less influenced by “environmental factors” than bones, such as poor diet or disease during

growth (Roberts 2018, 134; Liversidge 2015; Cardoso 2007).

As age-at-death estimation for adults is based on the ageing processes of dental and bone
tissues, the estimations are thus less accurate, with large age intervals because of various factors,
i.e. biological sex, geographic origin, genetic, cultural practices and activities (Roberts 2018, 137—
40). The methods of estimating age-at-death for adults are mainly based on the coxal bones
(Suchey, Brooks, and Katz 1988; Schmitt 2005), the skull (Meindl and Lovejoy 1985), the teeth
(Lovejoy 1985), the vertebrae (Albert and Maples 1995) and the ribs (DiGangi et al. 2009; Iscan,
Loth, and Wright 1984). Older individuals are also often underestimated, since ageing processes

become even more variable with age (Roberts 2018, 137).

Age category Type of Author-reference population Description of the
method method- based on...
Juvenile Non-metric AlQahtani, Hector, and Liversidge 2010- Dental calcification and

Spitafields collection (England, 18-19™ eruption

centuries) and Maurice Stack collection

Ubelaker 1979-multiple sources Dental eruption through
gums.

Metric Black and Scheuer 1996-Spitafields, St. Diaphyseal and total
Bride and St. Barnabas collections (United length of diverse bones
Kingdom, 18"-19" centuries) and Lisbone
collection (20™ century) ;

Maresh 1970-American, 20" century;
Molleson and Cox  1993-Spitafields
collection (England, 18-19™ centuries);
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Adult

Non-metric

Non-metric

Scheuer and MacLaughlin-Black 1994-
Spitafields and St. Barnabas collections
(England, 18-19" centuries)

Fazekas and Késa 1978-Hungary, middle of
the 20th century;

Plato et al. 1984-Chamorro population
Schaefer, Black, and Scheuer 2009-multiple
sources

Schaefer, Black, and Scheuer 2009-multiple
sources

Schmitt 2005-18-20™ centuries, Spitafields
(England), Simon (Switzerland), Madrid
Institute of Forensic Medecine (Spain),
Hamann-Todd (United States), Dart (South
Africa), Faculty of Medecine of Chang Mai
(Thailand) collections

Suchey, Brooks, and Katz 1988- United-
States, 20" century

DiGangi et al. 2009- Kosovo, 20™ century
Iscan, Loth, 1984- not
mentioned

Albert and Maples 1995- unknown

and Wright

Meindl and Lovejoy 1985-Hamann-Todd
collection (United States)
Lovejoy 1985-United States

Union of  primary
ossification centres.
Fusion of epiphysis

Morphological changes
of auricular surface and
of retro-auricular area

Morphological changes
of pubic symphysis.
Morphological changes
of first rib
Morphological changes
of 31 4™ or 5" rib
Fusion stages of
vertebral rings and
senescence of vertebral
bodies

Fusion stages of cranial
sutures

Dental wear
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ANNEXE D

Horizontal and vertical information on the localization of the

sampled individuals amongst the St. Antoine cemetery

(Ethnoscop 2012; 2014; 2016b; 2016a; Arkéos 2018).

Individual Sex Age-at-death Area of the Inauguration of Bottom Artefact in
cemetery the area of the altitude-coffin  association with
cemetery meters (amsl) the burial
8V-S9 FT 16-29 yrs. 5 1812 33,78 Leather
IM-S2 F 18-29 yrs. 5 1812 33,76 -
Und. 16-22 yrs. 5 1812 35,51 Buttons,
Fabric,
10A-S3 (1) Plaque
11A-S3 MT 16-20 yrs. 1 1799 35,02 -
11F-S1 M 30 yrs. + 1 1799 35,67 Buttons
11F-S3 FT 16-21 yrs. 1 1799 35,53 Pin
FT 20-49 yrs. (20- 1 1799 35,52 Wedding rings
29 yIS.
according  to
11F-S6 the vertebras)
17A-S1 M 15-20 yrs. 1 1799 35,76 -
M 15-20 yrs. 1 1799 34,37 Buttons
Pins
Ceramic
17Z-S1 fragment
17Z2-S7 FT +40 yrs. 1 1799 33,64 -

MT 15-23 yrs. 1 1799 34,51 Button (1)
20A-S7 Pin with fabric
20A-S13 F 16-29 yrs. 1 1799 34,48 -

FT 20-29 yrs. 1 1799 34,55 Pin

Tombstone
recovered during
the excavation of
20C-S6 20C (1810 C.E.)
F 20-30 yrs. 1 1799 34,52 Tombstone
recovered during
the excavation of
20C-S23 20C (1810 C.E.)

FT 17-20 yrs. 1 1799 34,14 Pin
20D-S14 Staple

MT 20-29 yrs. 1 1799 34,57 Metal button

Cufflinks (4)

4 holes-buttons
20E-S3 (6)
20E-S8 Und. 18-24 yrs. 1 1799 34,68 -
20F-S2 N.A. 6.5 yrs. 4 1807 34,16 Buttons (3)
20F-S10 M +30 yrs. 4 1807 33,93 -

M 19-20 yrs. 4 1807 33,85 Pin

Buttons (5)
20F-S22 Fabric

N.A. 18 months + 6 4 1807 34,63 Pin
20Z-S5 months

MT 27-66 yrs. 5 1812 35,21 -
21E-S2 (mid. 45.6 yrs.)
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21E-S17

21J-S2

21N-S4
21N-S8

21S-S4
21U-S6
22A-S1
22A-S16
22C-S10
23A-S2
23E-S10

24L-S4
25A-S3

25B-S4

25C-S18
25C-S36
25C-845
25C-S61

25C-S64
25C-S65

25C-S71

25C-S72

25C-S73

25C-S94

25C-S106

& =<

FT

FT
FT

N.A.

Und.

MT

=7
;%

L=

MT

MT

N.A.

MT

+40 yrs.
16-22 yrs.

15-25 yrs.

16-22 yrs.
20-36 yrs.

7-9.5 yrs.

18-29 yrs.

+30 yrs.

20-29 yrs.
30-59 yrs.
16-29 yrs.
20-49 yIS.
(more  20-29
yrs. According
to the
vertebras)

16-20 yrs.
34-45 yrs.

30-59 yrs.
30-59 yrs.
18-29 yrs.
20-29 yrs.
15-16 yrs.

20-29 yrs.
30-59 yrs.

30-50 yrs.

9-10 yrs.

24-35 yrs.

30-59 yrs.

W

— — — — O\ O\ W

—

99

1812
1799

1812

1812
1812

1812
1824
1824
1799
1799
1799
1799

1799
1799

1799
1799
1799
1799
1799

1799
1799

1799

1799

1799

1799

35,26
34,80

35,33

35,33
35,76

35,25
35,06
34,48
35,40
34,41
34,59
34,52

34,32
35,61

35,11
35,84
35,90
35,65
35,61

35,12
35,73

35,58

35,34

34,86

Medal
Pearl

Pin
Buttons (3)
Pins (2)

Medal

Pin

Pin

Bottle glass

Buttons (3)
Iron forged nail
Laminated
forged nail
Steel screw
Bone button
Metal medal
Ceramic
Glass

Bone button
Pipe

Pearl

Bead

Brass pin
Laminated iron
nail

Forged iron nail
Steel screw
Brass pin
Laminated iron
nail

Forged iron nail
Steel screw
Metal button
Laminated iron
nail

Forged iron nail
Laminated iron
nail

Forged iron nail
Steel screw
Metal coffin
handle
Laminated iron
nail

Forged iron nail
Mother-of-pearl
button
Laminated iron
nail

Forged iron nail
Bone button



Und.

26B-S23
M
29L-S11
M
30B-S1
30D-S5 MT
30R-S7 N.A.

16-20 yrs.

+40 yrs.

18-29 yrs.

20-39 yrs.

8.5 yrs.

1
1

1812

1799

1799

1799
1799

35,46

34,19

34,55

34,23
33,82

Button

Metal medal
Laminated iron
nail

Forged iron nail

Mother-of-pearl
buttons (3)
Metal plaque

Pins

F= female, FT= likely female, M= male, MT= likely male, Und. = undetermined, N.A.= not applicable.
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ANNEXE E

Example of a digital skeleton form to record various

pathological lesions (Modified from Gutierrez 2017)

A colour code is attributed to seven descriptive categories of pathological lesions: red= osteolytic
lesion, yellow= osteoblastic lesion, light blue= abnormal size, deep green= abnormal shape, neon
green= fracture, deep purple= ecburnation, turquoise= cavitation. Three more specific
pathological lesions were also recorded: pink= mild linear enamel hypoplasia (LEH), deep pink=
severe LEH, burgundy= dental calculus. One pathological condition was recorded: deep blue=

dental caries.

Site_BiFi-37 Box 29 /78 No _25c-s65

Sexemasculine tendency  Age-at-death 20.59 years-old
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ANNEXE F

Pathological lesions associated with dental caries (Kinaston et al.

2019)
Dental diseases
Pathology Affected body part Possible lesion(s) Targeted age group
and aspect
Dental caries Teeth (crown, -Necrosis of the dentin and pulp chamber All age groups
roots)

eventually causing a hole or cavity in the
enamel.
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ANNEXE G

Pathological lesions associated with certain bacterial infections
(Roberts and Buikstra 2019; Davies-Barrett, Antoine, and
Roberts 2019; Mann and Hunt 2013; Lewis 2004)

Bacterial infection

Pathology Affected body part and Possible lesion(s) Targeted age group
aspect
Tuberculosis Spine, mainly the -Lytic destruction of the vertebral bodies  All ages
anterior part of the -Cavity formation on the vertebral bodies  All ages
vertebral bodies of the -Vertebral collapse accompanied by a All ages
first lumbar vertebra fracture and a kyphotic deformity of the
spine
Hips, ie. the coxal -Lytic lesions on the femoral head, the Children
bone and the proximal femoral neck, the greater trochanter and
part of the femur the acetabulum
-Destruction of the femoral head and the Children
acetabulum
-Extension of the lumbosacral focus Young adults

Knee, i.e. the distal part
of the femur, the patella
and the proximal part of
the tibia

Ankle and  tarsals,
mainly the tibiotalar
articulation and rarely
the talocalcanear
articulation

unilaterally or bilaterally
-Lytic destruction on the pubis

-Cortical erosion and destruction of the
articular facets

-Fibrotic or osseous ankylosis in healed
lesions

-Cavity formation on the talus resulting in
destruction

-Development of tibiocalcanear ankylosis
in the case of talus destruction
-Destruction of the tibial epiphysis and
metaphysis

-Tibiotalar osseous ankylosis

-Fusion of the talus and calcaneus
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Older children and young
adults

Mainly toddlers, children and
adolescents

Mainly toddlers, children and
adolescents

Children
Children
Children

Children
Children



Metacarpals and
metatarsals

Shoulder

Elbow, i.e. the distal
part of the humerus, the
proximal part of the
ulna and the proximal
part of the radius.

Wrist and carpals, i.e.
the radiocarpal
articulations  (adults),
intercarpal and
carpometacarpal (kids).
Long bones diaphysis

Ribs

Sternum, mainly the
manubrium.
Skull

-Spina Ventosa, i.e. the formation of a new
bony shell that accounts for the ballooned
appearance of the involved bone

-Destruction of the humeral head and
glenoid cavity

-Bone destruction

-New periarticular bone formations
-Fibrous ankylosis in children and osseous
ankylosis in adults resulting in healed
lesions

-Abnormal formation of cavities, usually
in the metaphysis

-Osseous periosteal formations
-Osteoporosis

-Osteosclerosis

-Lytic lesions, perforation of the cortex
-Periostitis on the pleural surface
-Lytic lesions that can perforate the cortex

-Round lytic lesions on the cranial vault
-Vascular lesions on the endocranial
surface

Toddler, young children

All ages, more frequent in

adults

Toddler to young adult
Toddler to young adult
Toddler to young adult

Children

Children
Adults
Adults

All ages
All ages
All ages

Mainly toddlers and children
Mainly toddlers and children

-Occasional destruction of the petrous Toddlers
bone and the mastoid process
-Facial lesions that can deteriorate in /upus ~ All ages
vulgaris leading to the destruction of nasal
bones
Venereal Cranial vault -Caries sicca Adults
syphilis
Nasal bones -Destruction of the nasal bones; Adults
Spine (mostly cervical -Osteomyelitis Adults
vertebras)
Long bones -Nongummatous and gummatous Adults
osteoperiosis
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ANNEXE H

Pathological lesions associated with certain infectious diseases

(Roberts 2019; 2007; Lewis, Roberts, and Manchester 1995)

Infectious diseases

Pathology Affected body part Possible lesion(s) Targeted age group
and aspect
Sinusitis Sinuses

-Bone deposits of trabecular and lamellar ~ All ages
bone

-Inflammatory pitting All ages
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ANNEXE I

Pathological lesions associated with certain joint diseases
(Waldron 2019; Vikatou, Hoogland, and Waters-Rist 2017;
Adams and Roughley 2006)

Joint diseases

Pathology Affected body part Possible lesion(s) Targeted age group
and aspect
Osteoarthritis Any articulation -Eburnation Risk increases with age
-Sclerosis for all lesions
-Osteophytes
-Porosities
IVD Spine (more  -Pits around the rim of the vertebrae ~ Risk increases with age
common in the -Marginal osteophytes for all lesions

cervical vertebras,
less in lumbar and
rare in the thoracic)

Osteochondritis Any synovial joint -Depressed surface resembling a All ages
dissecans “crater”
-Edges smooth and well defined All ages
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ANNEXE J

Pathological lesions associated with certain metabolic diseases
(Brickley and Mays 2019; Brickley et al. 2018; Schattmann et al.
2016; Geber and Murphy 2012; Brickley, Mays, and Ives 2007)

Metabolic diseases

Pathology Affected body Possible lesion(s) Active/Healed Targeted
parts and aspect age group
Rickets Skull -Cranial vault porosity A Nonadults
-Orbital roof porosity A for all
-Cranial vault thickening H lesions
Mandibular -Deformed mandibular ramus A/H
Ribs -Rib bending deformity A/H
-Costochondral rib flaring AlH
-Costochondral rib porosity A/H
A
1lium -Ilium concavity A/H
Long bones -Bending  deformity-upper-limb A/H
long bones A/H
-Bending deformity-lower-limb A/H
bones A/H
-Long-bone metaphyseal A/H
flaring/cupping of ends A/H
-Long-bone general thickening A/H
-Long-bone cortical (especially H
metaphyseal) porosity
-Superior  flattening  femoral A
metaphysis A/H
-Coxa vara A/H
-Porosis/roughening on  bone A/H
underlying growth plates A/H
A/H
A
Residual Long bones -Bending (upper and lower limb) Adults for all
rickets lesions
Ribs -Curvature
Scapula -Curvature
Sternum -Curvature
Spine -Curvature
Sacrum -Curvature
Osteomalacia  Skull -Extensive porosity and Adults for all
« cardboard-like » texture reported lesions

in pathology museum collections.
Not observed in archaeological
bone to date
-Invagination of foramen magnum.
Not observed in archaeological
bone to date
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Ribs

Scapula

Iliac crest
Pubic bone

Spine

Long bones

Sternum
Sacrum
Sphenoid

Zygomatic bone

Maxillae
Mandible
Orbital walls
Cranial vault
Long
(metaphyses)
Scapula
1lium

bones

-Deformation, can be hard to
identify in fragmented bone
-Pseudofratures, often multiple.
Particularly common where corsets
were worn, but also noted in
noncorset-wearing communities
-Deformation of blades
exaggerated posterior curvature
-Pseudofractures noted at the
spinous process and lateral border
-Deformation

-Pseudofractures.

-Deformation

-Pseudofractures.

-Compression fractures of the
vertebral body

-Pseudofractures noted on
transverse processes

-Deformation, difficult to assess
macroscopically

-Pseudofractures

-Any bone can be affected, but
more commonly noted locations
include the femoral neck
-Deformation

-Deformation

-Porosities and bone formations

All ages for
all lesions
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ANNEXE K

Injury types related to trauma (Redfern and Roberts 2019)

Trauma

Body location Injury types Excludes

Head Superficial injury Fracture: pathological,
with osteoporosis, stress

Neck Open wound

Thorax Fracture: closed

Abdomen, lower back, lumbar
spine, and pelvis

Shoulder and upper arm

Elbow and forearm

Wrist and hand
Hip and thigh

Ankle and foot

Multiple body regions

Unspecified part of the trunk,
limb or body region

Multiple body regions

Fracture: open

Malunion of fracture

Nonunion of fracture

Dislocation, sprain and strain
Injuries to nerves and spinal cords

Injury to blood vessels

Injury to muscle, fascia and tendons

Crushing injury

Traumatic amputation
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ANNEXE L

Description of various pathological lesions (Kinaston et al. 2019;
Alves-Cardoso and Assis 2018; Mann and Hunt 2013; Naveed et
al. 2012; Faccia and Williams 2008; King, Humphrey, and
Hillson 2005; Lewis 2004; Hershkovitz et al. 2002; Patty Stuart-
Macadam 1991; El-Najjar, Desanti, and Ozebek 1978; El-Najjar

et al. 1976)

Pathological lesions

Lesion Affected body part and Possible lesion(s) Targeted age
aspect group
Dental calculus Teeth (crown) -Calcified bacterial plaque All age groups
Linear enamel Teeth (enamel) -Transverse grooves, lines or pits on Juveniles
hypoplasia (LEH) the enamel

Cribra orbitalia

Porotic hyperostosis

Endocranial lesions

Schmor!’s nodes

Osteophytes

Orbits (roof)

Cranial vault

Cranial vault

Spine (vertebral bodies)

Several joints

-Capillary-like
bone;
-Scattered fine foramina

-Large and small isolated foramina;
-Foramina with trabecular
involvement

-Destruction/ thinning of the outer
table of the bones;

-Widening of the diploe

-Hair-on-end striations

-Porous lesions;

-Fiber bone formation

-Capillary lesions;
-Hair-on-end
appearance)
-Small cavitation in the surface

impressions on the

lesions (frosted

-Bony outgrowth that develops at the
contact point between cartilage and
bone

All age groups for
all lesions

All age groups for
all lesions

All age groups for
all lesions
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ANNEXE M

Recording of pathological lesions in the 52 individuals and

differential diagnoses
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Individual: 9M-S2

ACI: 35.84

Age-at-death: 18-29 years-old

Sex: Female

Description of pathological lesions: Cavitation on two lumbar vertebras (LV) (superior face) (a).

Differential diagnosis: Diagnostic of Schmorl’s nodes, consistent with degenerative joint

disease.
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Individual: 10A-S3(1)

ACI: 6.16

Age-at-death: 16-22 years-old
Sex: Undetermined

Description of pathological lesions: Cavity on the crown of left the M (mesial view) (a), calcified
plaque on the first lower incisors (lingual view/buccal view) (e) (f), pits on upper canines (buccal
view) (b), first lower molars (lingual view) (c¢) (d) and lower incisors (lingual view/buccal view)

(e) (f), periosteal lesions on the right femur (lateral view) (g).

Possible aetiologies: Childhood disease-nutritional deficiencies, periapical inflammation or

trauma to a deciduous tooth, fever, disease, endocrine dysfunction, infection during odontogenesis.

Differential diagnosis: Diagnostic of LEH, dental caries and dental calculus, consistent with

trauma.

115



Site_siFi-37 Box _21 /[ 2a No _11A-s3

Sex Male tendency Age-at-death 16-20 years-old

. Dental caries
. Dental calculus

| in place N
nferior
nte mortem losg
ost mortem los
. Osteolytic lesion i

i
W=

@ (& 8¢ s ostosf et

Sy
- Region present an identified with certainty ! % OD R)@ &
- Fragmented region & )z o\o U@! 1 2
PP Exact situation unknown with certainty DT = DI
| Yy 7573
| g9 % < 57 g g o

116



Individual: 11A-S3

ACI: 47.52
Age-at-death: 16-20 years-old
Sex: Likely male

Description of pathological lesions: Calcified plaque on lower (a) (b) and upper teeth (lingual

view), cavity on the M (occlusal view) (d), porosities on the radial tuberosities (medial view) (a).
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Possible aetiology: Strenuous activity.

Differential diagnosis: Diagnostic of dental calculus, dental caries and inflammation of the biceps

muscle insertion.
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Individual: 11F-S1
ACI: 57.04
Age-at-death: 30 years-old +

Sex: Male
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Description of pathological lesions: Bone formation or “lipping” on the border of the right
scapula’s glenoid cavity (medial view) (a), cavitation on thoracic vertebrae (TV) 9,10 and 11

(inferior view) (b).

Differential diagnosis: Diagnostic of osteophytes, Schmorl’s nodes and intervertebral disk

disease (IVD).
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Individual: 11F-S3
ACI: 35.68
Age-at-death: 16-21 years-old

Sex: Likely female
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Descrpition of pathological lesions: Cavity on the right M; and left M> (occlusal view) (a) (b),
premolar (c) and right I', right and left I? (distal/mesial views) (d), capillary-like lesions on the

occipital bone (endocranial view) (e).

Possible aetiologies: Trauma, primary and secondary infections of the meninges, tumours, TB,

syphilis and vitamin deficiencies of A, C and D.

Differential diagnosis: Diagnostic of dental caries and endocranial lesions.
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Individual: 17A-S1

ACI: 41.8

Age-at-death: 15-20 years-old
Sex: Male

Description of pathological lesions: Porosities on the left mandibular condyle (a), depressions on
the left and right glenoid cavities (b), lytic lesions on three vertebral body fragments which are

abnormal compared to the appearance of other vertebral bodies of individuals of the same age (c).

Differential diagnosis: Typical of early degeneration of the left temporomandibular joint.
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Individual: 17Z-S1

ACI: 70.64

Age-at-death: 15-20 years-old
Sex: Male

Description of pathological lesions: Orbital roof porosities on the right and left orbits (inferior
view) (a), woven bone formations on the visceral side of rib fragments (b), cavitation on TV5
(inferior view) (¢) and TV9 (superior view) (d), periosteal lesions on the diaphysis of the left femur

(anterior view) (e) and left tibia (anterior view) (f).

Possible aetiologies: Infectious disease, B12 deficiency megaloblastic anaemia, iron-deficiency

anaemia;

Differential diagnosis: Diagnostic of Schmorl’s nodes, non-specific lung infection, cribra

orbitalia.
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Individual: 17Z-S7

ACI: 52.34
Age-at-death: more than 40 years-old
Sex: Likely female

Description of pathological lesions: Capillary-like lesions bilaterally in the centre of the cranium

(a), new bone formation on the medial face of right and left temporal bones (endocranial view)
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(b), on the right and left sphenoid’s greater wings (posterior view) (c), the lateral sides of right and
left orbits (inferior view)(d-¢) and the left ramus of the mandibula (woven bone) (medial view) (f),
calcified plaque on the lower incisors (buccal view) (g), cavity on right and left M2 (buccal view)
(h-1), cavitation on four undetermined TV (inferior side) (j) and periosteal lesions on the lateral

face of the diaphysis of the right tibia (lateral view) (k).

Possible aetiologies: Trauma, primary and secondary infections of the meninges, tumours, TB,

syphilis and vitamin deficiencies of A, C and D.

Differential diagnosis: Diagnostic of endocranial lesions, dental calculus, dental caries,
Schmorl’s nodes, degenerative joint disease, typical of scurvy according to the distribution pattern

of periosteal lesions and lytic lesions.
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Individual: 20A-S7

ACI: 86.92
Age-at-death:15-23 years-old
Sex: Likely male

Description of pathological lesions: Calcified plaque on lower and upper teeth (buccal view) (a-
b) lines on the lower incisors (buccal view) (a) and superior left I', PM! and M! (buccal view) (b),
healed fracture of a proximal hand phalanx (c), cavitation on TV11-12 (inferior view) (d) and LV1

(superior view) (e), new bone formation on a TV (1rst?) (anterior view) (f).

Possible aetiologies: Childhood disease-nutritional deficiencies, periapical inflammation or

trauma to a deciduous tooth, fever, disease, endocrine dysfunction, infection during odontogenesis.

Differential diagnosis: Diagnostic of dental calculus, LEH, Schmorl’s nodes, degenerative joint

disease, trauma.
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Individual: 20A-S13

ACI: 17.84
Age-at-death: 16-29 years-old
Sex: Female

Description of pathological lesions: Calcified plaque on lower teeth (buccal view) (a) lingual
view (b), extension of the left occipital condyle and shrinking (inferior view) (c), small bone

formation on the left condyle of the atlas (superior view) (d).

Differential diagnosis: Diagnostic of dental calculus, osteophyte, highly consistent with

degenerative joint disease, unilateral right aplasia and unilateral left hypoplasia.
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Individual: 20C-S6

ACI: 77.24

Age-at-death: 20-29 years-old
Sex: Likely female

Description of pathological lesions: New bone formation on ribs (lateral view) (a), cavitation on
TV9-10 (inferior face) (b), periosteal lesions on the lateral side of left tibia (c) and femur (d) (lateral

view).

Differential diagnosis: Diagnostic of Schmorl’s nodes, consistent with trauma, lung infection,

degenerative joint disease.
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Individual: 20C-S23

ACI: 26.28

Age-at-death: 20-30 years-old
Sex: Female

Description of pathological lesions: Endocranial new bone formation (woven) on the occipital

bone (a), periosteal lesion on the medial face of the right tibia (medial view) (b).

Possible aetiologies: Trauma, primary and secondary infections of the meninges, tumours, TB,

syphilis and vitamin deficiencies of A, C and D.

Differential diagnosis: Diagnostic of endocranial lesions.
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Individual: 20D-S14

ACI: 57.32

Age-at-death: 17-20 years-old
Sex: Likely female

Description of pathological lesions: New bone formation and orbital roof porosities on lateral
sides of orbits (inferior view) (a), calcified plaque on lower incisors and canines (b), cavity on left
M, (mesial view ) (c), periosteal lesions on the diaphysis of the right femur (medial view) (d), left

femur (medial view) (e), left tibia posterior view) (f) and right tibia (medial view) (g).

Differential diagnosis: Diagnostic of dental calculus, dental caries and cribra orbitalia, typical

of non-specific infection.
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Individual: 20E-S3

ACI: 56.76

Age-at-death: 20-29 years-old
Sex: Likely Male

Description of pathological lesions: Calcified plaque on lower teeth (buccal view) (a) phalangeal

interosseous new bone formations (palmar view) (b), lytic lesions on articular facets of two TV
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(posterior view) (c), cavitation on TV 7,8,10,11,12 (superior view) (d) and TV 8,9,10,12 (inferior

view) (e).

Differential diagnosis: Diagnostic of dental calculus, Schmorl’s nodes, degenerative joint disease,

highly consistent with osteoarthritis.
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Individual: 20F-S2

ACI: N.A.

Age-at-death: 6.5 years-old
Sex: N.A.

Description of pathological lesions: Orbital roof porosities in both orbits (inferior view) (a), new
bone formation on the left (b) and right (c) mandibular ramus (medial view); cavity on the 2nd left

decidual molar (occlusal view) (d).

Possible aetiologies: B12 deficiency megaloblastic anaemia, iron-deficiency anaemia.
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Differential diagnosis: Diagnostic of dental calculus, dental caries and cribra orbitalia. Highly

consistent with scurvy according to the distribution of the lytic and osteoblastic lesions.
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Individual: 20F-S10

ACI: 79.44

Age-at-death: Approximately 30 years-old
Sex: Male

Description of pathological lesions: New bone formation on both orbits (inferior view) (a),
calcified plaque on the buccal and lingual sides of lower teeth (buccal view) (b), new bone
formation on the lateral end of the right clavicle (superior view) (c), lytic lesions on the sternal end
of the right clavicle (medial view) (d), new bone formation on the right clavicular articular facet of
the sternum (lateral view) (e), bone nodule on the lateral side of the head of the right MC1 (dorsal

view) (f), lytic lesions on the distal part of a first distal foot phalanx (dorsal view) (g), cavitation
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onTV7 (inferior view) (h), lytic lesions on both superior articular facets of TV5 (posterior view)

(1) and periosteal lesions on the diaphysis of the right fibula (lateral view) (j).

Differential diagnosis: Diagnostic of dental calculus, Schmorl’s nodes, degenerative joint disease,

osteoarthritis.
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Individual: 20F-S22

ACI: 95.53

Age-at-death: 19-20 years-old
Sex: Male

Description of pathological lesions: Orbital roof porosities on both orbits (inferior view) (a) (b),
lytic lesion on the inferior side of the right clavicle’s metaphysis (cyst) (c), lytic lesions on the right
clavicular articulation of the sternum (lateral view) (d), lytic lesions on the right and left costal
articular surfaces of the sternum (lateral view) (e) (f), woven bone on the visceral face of the head
of the 4™ right rib (g), woven bone on the visceral face of the 7th left rib (h) (i), cavitation on the
bodies of TV (inferior view) and TV10 (superior view) (j), lytic lesions on the superior articular
facets of TV3 and 4 (posterior view) ( (k), periosteal lesions on the left and right femur (anterior
view) (1) (m), on the right and left tibia (lateral view) (n) (0), on the left fibula (medial view) (p)
and on the right fibula (lateral view) (q), bending of the right (lateral view) (q) and left fibulas’
diaphysis (lateral view) (1), slight bending of right and left tibias, the left tibia slightly shorter than
the right (370 mm (left), 376 mm (right)) (s).
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Possible aetiologies: B12 deficiency megaloblastic anaemia, iron-deficiency anaemia.

Differential diagnosis: Diagnostic of Schmorl’s nodes, osteoarthritis, degenerative joint disease,
cribra orbitalia, typical of residual rickets, empyema, actinomycosis, or pulmonary TB with
haematogenous spread of infection, a combination of respiratory disease and other osteolytic

disease.
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Individual: 20Z-S5

ACI: N.A
Age-at-death: 18 months-old +- 6 months
Sex: N.A.

Description of pathological lesions: Orbital roof porosities on the right orbit (inferior view) (a),

porosities on the greater wing of the left and right sphenoid bones (inferior view) (b) (c).

Possible aetiologies: Infectious disease, B12 deficiency megaloblastic anaemia, iron-deficiency

anaemia.

Differential diagnosis: Diagnostic of cribra orbitalia, highly consistent with scurvy according

to the distribution pattern of the lytic lesions.
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Individual: 21E-S17

Age-at-death: More than 30 years-old
Sex: Male
ACI: 58.72

Description of pathological lesions: Orbital roof porosities on left and right orbits (inferior view)
(a) (b), bone formations in the right sinus (superior view) (c), abnormal porosities on the maxillary
bone (inferior view) (d), calcified plaque on the lower front teeth (lingual view) (e), cavitation on
TV8 (superior view) (f) and on TV7, 8 and 9 (inferior view) (g), new bone formation on the
proximal metaphysis of the right (posterior view) (h) and left humerus (medial view) (i), fracture

on the mid-diaphysis the left radius (lateral view) (j).
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Possible aetiologies: Infectious disease, B12 deficiency megaloblastic anaemia, iron-deficiency

anaemia.

Differential diagnosis: Diagnostic of dental calculus, Schmorl’s nodes, maxillary sinusitis,

trauma, degenerative joint disease, cribra orbitalia.
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Individual: 21S-5S4

ACI: 65.56

Age-at-death: 20-36 years-old
Sex: Likely female

Description of pathological lesions: calcified plaque on left lower teeth (buccal view) (a), bone

formation on the anterior part of an undetermined TV (superior view) (b).

Differential diagnosis: Diagnostic of dental calculus, osteophyte, degenerative joint disease.

170



Site siFj-37

- o~

gf @F ef s§ S¥
6} € 65 o) ot & o of of of af &
() B> PO ¢ 0 ~

o o
o]
@% O%@
Y
¢ [ mgp—
Iﬂmo‘l@ Wuoog bz o S
"0 o TSN “Qoomq oo 0°

JJJJJ%// @0 e

0
) @‘.I.v U oo
Q
C ) =
“m %Vooﬂcaov
\ (3 ee0m am
ﬁo
@oﬂ DOMUU.UQO
Q bDbD
ulmoTllvmwwWUoQﬂ bes O
z N 0
kel ‘T f j@g m
M m m 0& Oy <)
5 c g
i Ef ;
..m =1 b_m ' m (2] mm m
® < & £ 5 £ g 8 &2 8
® |5 £ 5 g 8 £ & €3 o
(7] 173 g B m .M < d mlﬂ W
o o 2 g o k54 pr o .m b= S B
0 S» & 2 L ¢ £ S 2% 8
— © . - ce 2 @ S 2 = E E s 2
gL S} [BEEEos g E 2 H
g O 2 c 2 < o Q2
- o) o w w o S5 E®
x o 5 < --:@w__ HON | i ®
[}




Individual: 21U-S6

ACI: N.A.

Age-at-death: 7-9.5 years-old
Sex: N.A.

Description of pathological lesions: orbital roof porosities on right and left orbits (inferior view)

(a).

Possible aetiologies: B12 deficiency megaloblastic anaemia, iron-deficiency anaemia, infectious

disease.

Differential diagnosis: Diagnostic of cribra orbitalia.
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Individual: 22A-S16

ACI: 13.52

Age-at-death: More than 30 years-old
Sex: Undetermined.

Description of pathological lesions: Cavity on the right M3 and left PM; (mesial view) (a),
calcified plaque on right and left mandibular canines (lingual view) (b), lytic lesions on the body
of two undetermined cervical vertebrae CV (superior view) (¢) (d), lytic lesions and eburnation on
the superior articular facet of undetermined CVs (postero-superior view) (c), lytic lesions and

eburnation on the right femoral head (superior view) (e).
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Differential diagnosis: Diagnostic of dental calculus, dental caries, intervertebral disk disease and

osteoarthritis.
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Individual: 22C-S10

ACI: 47
Age-at-death: 20-29 years-old
Sex: Likely male

Description of pathological lesions: Calcified plaque on upper and lower teeth (buccal view) (a-
b) and on the lingual view of the lower teeth (c), degeneration of the right temporomandibular joint
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(postero-superior view) (d), new bone formation on the diaphysis of right and left tibias (medial

view) (e-f), new bone formation on the diaphysis of the left fibula (lateral view) (g).

Differential diagnosis: Diagnostic of dental calculus, typical of non-specific infection,

degenerative joint disease.

179



23A-S2

No

J18

Box__42

BiFj-37

Site

s-old

Age-at-death 30-59 year

Sex Male tendency

Cervicales

ACl 73.2

Lombaire:

Thoraciques

<
‘@v.

9 DD WP

SPP P Ry P POPPY Y

I B RGN

S

. antl

&u@%

Osteoblastic lesion

Orang
. Osteolytic lesion

range = isolated tooth

Qo
.Dental calculus

]
e..w

180



181



Individual: 23A-S2
ACI: 73.12

Age-at-death: 30-59 years-old
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Sex: Likely male

Description of pathological lesions: Calcified plaque on lower incisors (mesial view) (a), cavity
on the right M3 (mesial view) (b), orbital roof porosities on the right orbit (inferior view) (c),
compression fracture of an undetermined TV and new bone formation on the inferior border of the
body of the TV above (lateral view) (d), lytic lesions on the right inferior articular facet of an
undetermined TV (inferior view) (e), ), lytic lesions on the right superior articular facet of an
undetermined TV (posterior view) (f), bone formations or “lipping” on the superior border of the
body of LV4 and on the inferior border of the body of LV5 (anterior view) (g), bone formations or
“lipping” on the superior border of the body of S1 (superior view) (h), woven bone near the radial
articular facet of the left ulna (antero-lateral view) (i), lytic lesions on the radial tuberosities (medial
view) (j), interosseous bone formations of proximal and intermediate hand phalanx (palmar view)
(k), round bone formation under the lesser trochanter of the left femur (posterior view) (1), new

bone formation on the left MT5 (dorsal view) (m).

Possible aetiologies: Strenuous activity, infectious disease, B12 deficiency megaloblastic

anaemia, iron-deficiency anaemia.

Differential diagnosis: Diagnostic of dental calculus, dental caries, osteophytes, inflammation of
biceps muscle insertion, osteoarthritis, degenerative joint disease, cribra orbitalia, typical of bone

tumour.
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Individual: 24L-S4

ACI: 46.84

Age-at-death: 20-49 years-old (maybe more 20-29 years-old according to the vertebras)
Sex: Male

Description of pathological lesions: Calcified plaque on lower and upper teeth (buccal view) (a-

b), cavity on the right M2 (occlusal view) (c), bone nodule on the surface of the frontal bone
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(anterior view) (d), cavitation on the superior surface of S1 and bone formations or “lipping” on

the border of the body (superior view) (e), coxa vara of the left femur (anterior view) ().

Differential diagnosis: Diagnostic of dental calculus, dental caries, Schmorl’s nodes, osteophytes,

intervertebral disk disease, typical of osteoma, residual rickets.
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Individual: 25A-S3

ACI: 46.56
Age-at-death:16-20 years-old
Sex: Likely male

Description of pathological lesions: Periosteal lesions on the diaphysis of right and left femurs

(lateral view) (a) and of right and left tibias (lateral view) (b); bone formations or “lipping” on the
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inferior border of the body of an undetermined TV (lateral view) (c), calcified plaque on upper and

lower front teeth (buccal, lingual, mesial view) (d), cavity on the left M3 (lingual side) (e).

Differential diagnosis: Diagnostic of dental calculus, dental caries, osteophyte, typical of non-

specific infection.
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Individual: 25B-S4

ACI: 13.08

Age-at-death: 35-45 years-old
Sex: Female

Description of pathological lesions: New bone formation on the medial face of right (a) and left

(b) femurs (medial view) and right tibia (lateral view) (c).

Differential diagnosis: Typical of non-specific infection.
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Individual: 25C-S18;

ACI: 28.72;

Age-at-death: 30-59 years-old;
Sex: Female

Description of pathological lesions: Lines on left I! (severe) (buccal view) (a), left M; (mild)
(lingual view) (b), left and right PM> (buccal view) (c¢) (mild), right C; (severe) (buccal view) (d)

and right I; (severe) (e) (buccal view).

Possible aetiologies: Childhood disease-nutritional deficiencies, periapical inflammation or

trauma to a deciduous tooth, fever, disease, endocrine dysfunction, infection during odontogenesis.

Differential diagnosis: Diagnostic of LEH.
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Individual: 25C-S36;

ACI: 33.08;

Age-at-death: 30-59 years-old;
Sex: Female

Description of pathological lesions: Calcified plaque on upper and lower teeth (lingual view) (a),
bone growth on the anterior edge of the right auricular surface (medial view) (b), periosteal lesions

on the diaphysis of the left (c¢) and right (d) tibias (medial view).
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Differential diagnosis: Diagnostic of dental calculus, typical of bone tumour, non-specific

infection.
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Individual: 25C-S64
ACI: 48.84
Age-at-death: 15-16 years-old

Sex: Female
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Description of pathological lesions: Cavity on right I!, C, M!, right and left I?, PM! and right M,
right and left M (occlusal view) (a), fibrous bone formations and porous lesions on the frontal

bone (endocranial view) (b).

Possible aetiologies: Trauma, primary and secondary infections of the meninges, tumours, TB,

syphilis and vitamin deficiencies of A, C and D.

Differential diagnosis: Diagnostic of dental cavities, endocranial lesions.
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Individual: 25C-S65

ACI: 89.8
Age-at-death:20-29 years-old
Sex: Likely male

Description of pathological lesions: Lines on right and left lower canines (buccal view) (a), on
the right C!, right and left I' and I and pits on right PM? and M! (buccal view) (b), calcified plaque
on right/left 12 and C1, right PM; and PM; (a), lytic lesions on the body of CV6 (superior view)
(c), bone formations or “lipping” on the bodies of LV2 to LV5 (lateral view) (d), bone formations
or “lipping” on the border of the body of SI1 (anterior view) (e), new bone formations and
eburnation on the distal epiphysis of the right and left MT1 (lateral view) (f) (h), new bone

formation on the proximal epiphysis of the right and left proximal first foot phalanx and new bone
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formation on the proximal and distal epiphysis of the right and left distal foot phalanx (g) (i)

(plantar view), bone nodule on the radial tuberosity of the left radius (medial view) (j).

Possible aetiologies: Childhood disease-nutritional deficiencies, periapical inflammation or

trauma to a deciduous tooth, fever, disease, endocrine dysfunction, infection during odontogenesis.

Differential diagnosis: Diagnostic of dental calculus, LEH, osteophytes, degenerative joint

disease, intervertebral disk disease and osteoarthritis.
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Individual: 25C-S71

ACI: 71.4

Age-at-death: 30-59 years-old
Sex: Female

Description of pathological lesions: Porosities on the cranial vault (posterior view) (a), woven
bone on the ectocranial surface of the occipital bone (posterior view) (b), bone formations or
“lipping” s on the bodies of CV5-7 (anterior view) (c), bone formation or “lipping” on the body
of an undetermined TV (lateral view) (d), fractures on 3 right rib fragments (lateral view) (example
of one (e)), fractures on 12 rib fragments (lateral view) (example of three (f-h)), degeneration of
the right and left glenoid cavities (medial view) (i), possible fracture of the left clavicula (superior
view) (j), bone nodule on the lateral side of the distal epiphysis of the left humerus (anterior view)
(k), new bone formation on the proximal and distal epiphysis of an undetermined distal hand
phalanx (dorsal view) (1), degeneration of the posterior surface of the left patella (posterior view)
(m), periosteal lesions on the diaphysis of the right (n) and left (o) femurs (anterior view), on the
diaphysis of the right (p) and left (q) tibias, on the diaphysis of the right fibula (medial view) (r),
on the distal metaphysis of the left fibula (anterior/lateral view) (s), new bone formations on the

proximal and distal epiphysis of the right first distal foot phalanx (plantar view) (t).

Differential diagnosis: Diagnostic of osteophytes, trauma, degenerative joint disease, porotic
hyperostosis (confirmed by radiographs), typical of osteochondritis dissecans, non-specific

infection, bone tumour.
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Individual: 25C-S72

ACI: 47.92

Age-at-death: 30-50 years-old
Sex: Male

Description of pathological lesions: Calcified plaque on lower teeth (buccal view) (a) (lingual
view) (b), osteoblastic and lytic lesions all around the edge of the left glenoid cavity (medial view)
(c) (anterior view) (d), new bone formations and eburnation on the left humeral head (medial view)
(e), shrinking of the left glenoid cavity and matching new bone formations on the left glenoid cavity
and the left humeral head (anterior view) (f), healed fracture of left MC1 (medial view) (g),
fractures on 4 rib fragments (lateral view) (h),lytic lesions on the right lateral side of the manubrium
(lateral view) (1), cavitation on undetermined CV (superior view) (h), cavitation on TV7-8-9-10-
12 (superior view) (j); bone formations or “lipping” on the inferior and superior edges of TV7 and

on the inferior edge of the TV8 (superior view) (k);

Differential diagnosis: Diagnostic of dental calculus, Schmorl’s nodes, osteophytes, trauma,

degenerative joint disease.

214



Site BiFi-37

a% O 8% Gl Qf
o~ O e 3 ot o i & f & @ -
ORI - OGS

°
Q OMG = =3

S o=
.J%// 0 Y — ‘tm e
.!,wwgéw? g
a@ﬂu o (et GO,
%&x / «V\ —s T

Do
D 02
l o C=ry
Q QOKDD%WUOAVW&@Q -
g %iwomoﬂaaav qE
£ "
3 £ & ) 0
? =] £ - L
2 .w © Pw Oy 2 dr
@© bl = )
- i : X e ©
> = = . .
o m € m LI“ i _ m.
T b} 3 m.. : ;
o T g = — T g 5 ,
%_ ] .nlum m 7] g 8 N o © hm
= N i:
8 s8¢ £ % 3 : Py o5
i § i 3 E D 2 2 83
ax» c =2 T - E
N~ | © £ © 3 5 @ S s s ; g 55
2 172} < [ s g 2 2 ° se2 : $s
N ( | S'c 5 o= 2 5 s £ g i i st
Sl 2 T |eE 985 € 3 £83 :
. T MRET o - 5 o0
a -
2 23 2 QfFce
M Z o < |

215









Individual: 25C-S73

ACI: N.A.

Age-at-death: 9-10 years-old
Sex: N.A.

Description of pathological lesions: Lines on the right and left I1 (buccal view) (a), calcified
plaque on lower decidual m; and m; (lingual view) (b), new bone formation on the visceral surface
of 3 left rib fragments (visceral view) (c-¢), woven bone on the medial side of the right humeral
distal metaphysis (anterior view) (f), periosteal lesions on the lateral side of the left tibia’s diaphysis

(lateral view) (g) and on the left fibula’s metaphysis (medial view) (h).

Possible aetiologies: Childhood disease-nutritional deficiencies, periapical inflammation or

trauma to a deciduous tooth, fever, disease, endocrine dysfunction, infection during odontogenesis.

Differential diagnosis: Diagnostic of dental calculus, LEH, highly consistent with lung infection.
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Individual: 25C-S94;
ACI:35.28;
Age-at-death: 24-35 years-old;

Sex: Likely male
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Description of pathological lesions: Calcified plaque on lower premolars and molars (lingual
view) (a), cavity on the right M! (mesial view) (b), periosteal lesions on the lateral side of the

diaphysis of the right (c) and left femurs (d).

Differential diagnosis: Diagnostic of dental calculus and dental caries, typical of non-specific

infection.
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D)

Individual: 25C-S106

ACI: 68.24

Age-at-death: 30-59 years-old
Sex: Masculine

Description of pathological lesions: Hair-on-end lesions on the left parietal bone (endocranial
view) (a), calcified plaque on lower front teeth (buccal view) (b) lingual view (c), cavity on left M3
(occlusal view) (¢) and right M3 (distal view) (d), new bone formation on the external surface of 5
left rib fragments (lateral view) (example of one (e)), new bone formation on the sternum (anterior
view) (f), new bone formation on the anterior surface of the body of CV6 (anterior view) (g), woven
bone on the superior side of the lateral epiphysis of the right clavicle and on the inferior side of the
medial epiphysis of the right clavicle (superior view) (h), new bone formation on the anterior side
of the diaphysis of the left clavicle ( postero-superior view) (i), new bone formation on the
diaphysis of the left humerus (posterior view) (j), new bone formation on the metaphysis of the

right tibia (posterior view) (k), periosteal lesions on the diaphysis of the left tibia (lateral view) (1).

Possible aetiologies: Trauma, primary and secondary infections of the meninges, tumours, TB,

syphilis and vitamin deficiencies of A, C and D.

Differential diagnosis: Diagnostic of dental calculus, dental caries, endocranial lesions, highly
consistent with hypertrophic (pulmonary) osteoarthropathy, typical of treponemal disease:

venereal syphilis.

225



No

/28

25

Box

Site BiFj-37

Age-at-death  16-20 years-old

Sex Undetermined

DD

Thoraciques

AClI 3448
Cervicales

ce

@

:]Tooth inpl

m loss

3

:IAnte mort

m loss

)

[P ost mort:

d tooth

5}

= isolats

Orange

E=]

Osteoblas

. Dental caries

PP p P ED
SR LR R

12

egion present and identified with

rtainty

£
5
£
=)
[+

y

£

<

£

5

g

:

£

=

2 §

< £

5 52
5§ S8 ¢
g 835%

5 B

cE 2

£ 82

o o
5 & 8 ©

226



d)

Individual: 26B-S23

ACI: 34.48

Age-at-death: 16-20 years-old
Sex: Undetermined

Description of pathological lesions: Cavity on right and left I (mesial view) and on right M,

(distal view) (a), periosteal lesions on the diaphysis of the right femur (anterior view) (b), periosteal
227



lesions on the diaphysis of the left femur (lateral view) (c), woven bone on the right tibia (d),

periosteal lesions on the diaphysis of the right fibula (lateral/anterior views) (e).

Differential diagnosis: Diagnostic of dental caries, typical of non-specific infection.
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Individual: 29L-S11

ACI: 49.04

Age-at-death: More than 40 years-old
Sex: Male

Description of pathological lesions: Calcified plaque on lower and upper teeth (buccal view) (a-
b), cavity on the left M» (buccal view) (¢), cavitation on the body of an und. TV (superior side) (d),
cavitation on the body of TV12, LV1 and LV5 (inferior side) (e), new bone formation on the

diaphysis of right (f) and left tibias (g) (medial view).

Differential diagnosis: Diagnostic of dental calculus, dental caries, Schmorl’s nodes,

degenerative joint disease, typical of non-specific infection.
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Individual:30B-S1

ACI: 34.8

Age-at-death: 18-29 years-old
Sex: Male

Description of pathological lesions: Cavity on the right PM; (buccal view) and calcified plaque
on lower teeth (buccal view) (a) (lingual view) (b), cavitation and new bone formation on the edge
of the right glenoid cavity (medial view) (c), new bone formation on the edge of the left glenoid
cavity (medial view) (d), lytic lesions on the distal epiphysis of right and left MC1 (palmar view)
(e) and bone nodules on the lateral side of right and left MC1 (e), new bone formation around the

edge of the left femoral head (superior view) ().

Differential diagnosis: Diagnostic of dental caries, dental calculus, osteophytes, degenerative

joint disease.
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Individual: 30D-S5

ACI: 59.8

Age-at-death: 20-39 years-old
Sex: Likely male

Description of pathological lesions: Porosities on the cranial vault (posterior view) (a), orbital

roof porosities on the right (b) and left (c¢) orbits (inferior view).
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Possible aetiologies: Infectious disease, scurvy, B12 deficiency megaloblastic anaemia, iron-

deficiency anaemia.

Differential diagnosis: Diagnostic of cribra orbitalia, porotic hyperostosis (confirmed by

radiographs, vault thickening).
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Individual: 30R-S7;

ACI: N.A.;

Age-at-death: 8.5 years-old;
Sex: N.A.;

Description of pathological lesions: Orbital roof porosities on the right (a) and left (b) orbits
(inferior view), cavity on the right decidual lower canine and I (distal view) (c), antero-posterior
bending of the right (lateral view) (d) and left (medial view) (e) femurs, lateral bending of the right
tibia (anterior view) (f), lateral bending of right and left fibulas (g).

Possible aetiologies: Infectious disease, B12 deficiency megaloblastic anaemia, iron-deficiency

anaemia.

Differential diagnosis: Diagnostic of dental caries, cribra orbitalia, typical of rickets.
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ANNEXE N

Summarized data on the palaecopathological analysis (macroscopic and histological) for

each individual

Individual ACI Sex Age-at- Differential diagnosis Presence Presence NIGD NIGD Severity of Age of In
(code) death /absence /absence  episodes episodes each IGD onset of utero
of IGD of IGD (total) (observable) episode each IGD IGD
(including (excluding episode
degree 1) degree 1)
6.16 Und. 16-22yrs.  Diagnostic of LEH, dental caries and P P N.O. 2 Episode 1: Episode 1:
dental calculus, consistent with trauma grade 1 around birth
Episode 2: Episode 2:
grade 2 around 1.5
10A-S3 (1) yIS. No
47.52 MT  16-20 yrs. Diagnostic of dental calculus, dental P A N.O. 1 Episode 1: Episode 1:
caries and inflammation of biceps muscle grade 1 less than 1
11A-S3 insertion yr. No
57.04 M 30 yrs. +  Diagnostic of osteophytes, Schmorl’s P P N.O. 2 Episode 1: Episode 1:
nodes and intervertebral disk disease grade 2 in utero to
(IVD) around 1 yr.
Episode 2: Episode 2:
grade 2 around 2
11F-S1 yIS. Yes
35.68 FT 16-21 yrs.  Diagnostic of dental caries and P N.O. 1 Episode 1: Episode 1:
11F-S3 endocranial lesions grade 1 around birth No
37.84 FT 20-49 yrs.  N.O. A N.O. N.A. N.A.
(20-29
yIS.
according
to the
11F-S6 vertebras) N.A. No
41.8 M 15-20 yrs.  Typical of early degeneration of the left P P N.O. 2 Episode 1: Episode 1:
. .. grade 2 in utero to
temporomandibular joint Iyr
Episode 2: Episode 2:
17A-S1 grade 1 c.2yrs. Yes
70.00 M 15-20 yrs.  Diagnostic of Schmorl’s nodes, non- P A N.O. 1 Episode 1: Episode 1:
specific lung infection, cribra orbitalia grade 1 around 1.5
17Z-S1 yrS. No
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17Z-S7

20A-S7

20A-S13

20C-S6

20C-S23

20D-S14

20E-S3
20E-S8

20F-S2

20F-S10

20F-S22

52.34

86.92

17.84

77.24

25.88

57.32

56.76

5.6
N.A.

79.44

95.528

FT

MT

FT

FT

MT

Und.
N.A.

M

M

+40 yrs.

15-23 yrs.

16-29 yrs.

20-29 yrs.

20-30 yrs.

17-20 yrs.

20-29 yrs.

18-24 yrs.
6.5 yrs.

30 yrs.

19-20 yrs.

Diagnostic of endocranial lesions, dental
calculus, dental caries, Schmorl’s nodes,
degenerative joint disease, typical of
scurvy according to the distribution
pattern of periosteal lesions and lytic
lesions

Diagnostic of dental calculus, LEH,
Schmorl’s nodes, degenerative joint
disease

Diagnostic of dental calculus,
osteophyte, highly consistent with
degenerative joint disease, unilateral
right aplasia and unilateral left
hypoplasia

Diagnostic of Schmorl’s nodes,
consistent with trauma, lung infection,
degenerative joint disease

Diagnostic of endocranial lesions

Diagnostic of dental calculus, dental
caries and cribra orbitalia., typical of
non-specific infection

Diagnostic of dental calculus, Schmorl’s
nodes, degenerative joint disease, highly
consistent with osteoarthritis

N.O.

Diagnostic of dental calculus, dental
caries and cribra orbitalia. highly
consistent with scurvy according to the
distribution of the lytic and osteoblastic
lesions

Diagnostic of dental calculus, Schmorl’s
nodes, degenerative joint disease,
osteoarthritis

Diagnostic of Schmorl’s nodes,
osteoarthritis, degenerative joint disease,
cribra orbitalia, typical of residual
rickets, empyema, actinomycosis, or
pulmonary TB with haematogenous
spread of infection, a combination of

> >
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N.O.

N.O.

N.O.

N.O.

N.O.

N.O.

N.O.
N.O.

N.O.

N.O.

N.A.
N.A.

N.A.

Episode 1:

grade 2

Episode 1:

grade 2.

Episode 2:

grade 1

Episode 1:

grade 1

Episode 1:

grade 2.

Episode 2:

grade 1

Episode 1:

less than
grade 1

Episode 1:

grade 1

Episode 1:

grade 1

N.A.
N.A.

Episode 1:

grade 1-2

N.A.

Episode 1:
birth to
around 2
yrS.
Episode 1:
near birth
Episode 2:
around 1.5
yrSs.

Episode 1:
around 1-2.5
yIS.
Episode 1:
birth
Episode 2:
around 3
yrs.

Episode 1: 3
yIS.
Episode 1:
birth to
around 2
yrs.
Episode 1:
birth to
about lyr.
N.A.

N.A.
Episode 1:
birth to
around 2.5

yrs.

N.A.

No

No



20Z-S5

21E-S2

21E-S17

21J-S2
21N-S4

21N-S8

21S-S4
21U-S6
22A-S1
22A-S16

22C-S10

23A-S2

23E-S10

24L-S4

N.A.

33.68

58.72

9.92

27.04
23.88

65.56

N.A.
13.48
13.52
47.00

73.12

61.2

46.84

N.A.

MT

FT
FT

FT

N.A.

Und.

MT

MT

18 months
+6
months
27-66 yrs.
(mid. 45.6

yrs.)
+40 yrs.

16-22 yrs.

16-25 yrs.
17-22 yrs.

20-36 yrs.

7-9.5 yrs.
18-29 yrs.
+30 yrs.

20-29 yrs.

30-59 yrs.

16-29 yrs.

20-49 yrs.
(more 20-
29 yrs.
According
to the
vertebras)

respiratory disease and other osteolytic
disease

Diagnostic of cribra orbitalia, highly
consistent with scurvy according to the
distribution pattern of the lytic lesions
N.O.

Diagnostic of dental calculus, Schmorl’s
nodes, maxillary sinusitis, trauma,
degenerative joint disease, cribra
orbitalia

N.O.

N.O.
N.O.

Diagnostic of dental calculus,
osteophyte, degenerative joint disease

Diagnostic of cribra orbitalia

Diagnostic of dental calculus, dental
caries, intervertebral disk disease and
osteoarthritis

Diagnostic of dental calculus, typical of
non-specific infection, degenerative joint
disease.

Diagnostic of dental calculus, dental
caries, osteophytes, inflammation of
biceps muscle insertion, osteoarthritis,
degenerative joint disease, cribra
orbitalia, typical of bone tumour
N.O.

Diagnostic of dental calculus, dental
caries, Schmorl’s nodes, osteophytes,
intervertebral disk disease, typical of
osteoma, residual rickets

N.O.

< >

> > >
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N.O.

IS

> > >

N.O.

N.O.

N.O.

N.O.

N.O.
N.O.

N.O.

N.O.
N.O.
N.O.
N.O.

N.O.

N.O.

N.O.

N.O.

N.A.
N.A.
N.A.

N.O.

Episode 1:
less than 1-1

Episode 1:
grade 2

Episode 1:
grade less
than 1-1
N.A.
Episode 1:
grade 2

Episode 1:
grade 1

N.A.
N.A.
N.A.

Episode 1:
grade 1-2

Episode 1:
grade 1-2

Episode 1:
grade 1

Episode 1:
grade 2

N.O.
Episode 1:
birth to
around 1 yr.

Episode 1:
in utero to
about 2 yrs.

Episode 1:
around 1 yr.
N.A.
Episode 1:
birth to
around 1 yr.
Episode 1:
in utero to
about 1 yr.
N.A.

N.A.

N.A.
Episode 1:
birth to
around 3

yrs.

Episode 1:
birth to 1.5
yIS.
Episode 1:
birth to
around 1.5

yrs.

Episode 1:
around birth
to 1 yr.

N.O.

No

Yes

No

No

No



25A-S3
25B-S4

25C-S106

25C-S18

25C-S36

25C-S45
25C-S61

25C-S64

25C-S65

25C-S71

46.56

13.08
68.24

28.72

33.08

19.44

88
48.84

89.8

71.4

MT

]

MT

MT

MT

16-20 yrs.

34-45 yrs.
30-59 yrs.

30-59 yrs.

30-59 yrs.

18-29 yrs.

20-29 yrs.
15-16 yrs.

20-29 yrs.

30-59 yrs.

Diagnostic of dental calculus, dental
caries, osteophyte, typical of non-
specific infection

Typical of non-specific infection.
Diagnostic of dental calculus, dental
caries, endocranial lesions, highly
consistent with hypertrophic
(pulmonary) osteoarthropathy, typical of
treponemal disease: venereal syphilis
Diagnostic of LEH

Diagnostic of dental calculus, typical of
bone tumour, non-specific infection
N.O.

N.O.
Diagnostic of dental cavities,
endocranial lesions

Diagnostic of dental calculus, LEH,
osteophytes, degenerative joint disease,
intervertebral disk disease and
osteoarthritis

Diagnostic of osteophytes, trauma,
degenerative joint disease, porotic
hyperostosis (confirmed by radiographs),
typical of osteochondritis dissecans,
non-specific infection, tumour

< >
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N.O.

N.O.
N.O.

N.O.

N.O.

N.O.

N.O.

N.A.

Episode 1:

grade 1

N.A.

Episode 1:

grade 1

Episode 1:

grade 1-2.

Episode 2:

grade 1.

Episode 3:

grade 1.

Episode 4:

grade 2

N.A.

Episode 1:

grade 2

N.A.

Episode 1:

grade 2

Episode 1:

grade 1.5

Episode 2:

grade 1.5

Episode 1:

grade 2

Episode 2:

grade 2

Episode 1:
close to
birth to less
than 1 yr.
N.A.

Episode 1:
birth to
around 2
yrs.
Episode 1:
birth to c.
1.5 yrs.
Episode 2:
around 5
yrS.
Episode 3:
around 7
yrS.
Episode 4:
around 9
yrSs.

N.A.
Episode 1:
birth to
around 2
yrS.

N.A.
Episode 1:
birth to
around 1.5
yrs.
Episode 1:
birth to
around 2
yrSs.
Episode 2:
around 4
yrSs.
Episode 1:
birth to 1.5
yrs.
Episode 2:
around 2
yIs.

No

No

No

No



47.92 M 30-50 yrs.  Diagnostic of dental calculus, Schmorl’s P N.O. 1 Episode 1:
nodes, osteophytes, trauma, degenerative grade 1.5 Episode 1:
25C-S72 joint disease around birth No
N.A.  NA. 9-10yrs. Diagnostic of dental calculus, LEH, P N.O. 1 Episode 1: Episode 1:
highly consistent with lung infection grade 2 birth to
around 2.5
25C-S73 yrS. No
35.28 MT  24-35yrs. Diagnostic of dental calculus and dental P N.O. 1 Episode 1: Episode 1:
caries, typical of non-specific infection grade 1 around birth
25C-S94 to 1.5 yrs. No
3448 Und. 16-20yrs. Diagnostic of dental caries, typical of A N.O. N.A. N.A.
26B-S23 non-specific infection N.A. No
49.04 M +40 yrs.  Diagnostic of dental calculus, dental P N.O. 1 Episode 1:
caries, Schmorl’s nodes, degenerative grade 2 Episode 1:
joint disease, typical of non-specific birth to
29L-S11 infection around 1 yr. No
34.8 M 18-29 yrs.  Diagnostic of dental caries, dental P N.O. 1 Episode 1: Episode 1:
calculus, osteophytes, degenerative joint grade 1.5 in utero to 1
30B-S1 disease yr. Yes
59.8 MT  20-39 yrs.  Diagnostic of cribra orbitalia, porotic P 1 1 Episode 1: Episode 1:
hyperostosis (confirmed by radiographs, grade 2 around birth
vault thickening) to less than
30D-S5 1 yr. No
N.A.  NA. 8.5 yrs. Diagnostic of dental caries, cribra P N.O. 1 Episode 1: Episode 1:
orbitalia, typical of rickets grade 3 in utero to
around 4
30R-S7 yrS. Yes
30.16 FT 16-29 yrs.  N.O. P N.O. 1 Episode 1: Episode 1:
grade 1.5 birth to
around 2
8V-S9 yrs. No
35.84 F 18-29 yrs.  Diagnostic of Schmorl’s nodes, P N.O. 2 Episode 1: Episode 1:
consistent with degenerative joint grade 1 around 2
disease Episode 2: yrSs.
grade 1 Episode 2:
around 4
IM-S2 yIS. No

P= present, A= absent, N.O. = not observable, N.A.= not applicable, F= female, FT= likely female, M= male, MT= likely male, Und. =undetermined.
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