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Abstract

This thesis explores the relationship between subsistence strategies in a marginal
environment and how it can impact human health. It includes a comparison of all the types of
metabolic bone disease (MBD) and their associated lesions and how this informs different
possible diagnoses. The residents of the Chalcolithic site of Seh Gabi, Iran (about 6850 to 5100
cal BP) lived in a marginal environment which, when coupled with the intensification of
agricultural practices and the use of animal husbandry, could have left the population susceptible
to the type of stressors associated with both vitamin C (VCD) and D deficiencies (VDD). This
thesis was designed to determine whether the subadult population at Seh Gabi, represented by 32
individuals, experienced VCD and VDD throughout its period of occupancy. The radiographs
and excavated skeletal remains of these individuals were macroscopically assessed for any
morphology beyond the range of normal. Probable and possible diagnoses of VCD and VDD
were made based on the number of diagnostic and suggestive lesions that individuals
demonstrated. Probable VCD was evident in 10.7% of the subadult population; all these probable
scurvy cases occurred in individuals less than six months old. While there were no probable
cases of VDD, two individuals had a possible comorbid case of rickets and scurvy but there was
insufficient skeletal evidence to make a probable diagnosis. Extrapolations of maternal health
were made based on these subadult health findings given that those under the age of six months
were still likely being breastfed. The environmental context and subsistence strategy used by this
population, along with these diagnoses, suggest that vitamin C deficiency was likely experienced

by this population.
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Chapter 1: Introduction

Prior to the late 1970s, there was extensive archaeological research on Neolithic and
Chalcolithic period sites throughout the Middle East, including Iran. However, with the Iranian
Revolution in 1979, archaeological research in Iran came to a halt for close to 30 years. As a
result, much less is known about the transition from Epipalaeolithic through Neolithic to the
Chalcolithic in the Eastern Fertile Cresent than in the Levant and Anatolia. But, there was a
publication boom in the 1980s on notable sites such as Ganj Dareh and its associated
zooarchaeology and paleobotany (e.g., Hesse 1982; van Zeist et al. 1984). Since this time, scant
research was published on Iranian sites until another research resurgence starting in 2009. This
more recent work is mostly based on materials which had been excavated and collected prior to
the Revolution, although there is starting to be more research on more recent excavations as well
(e.g., Anderson et al. 2014; Darabi et al. 2019; Matthews et al. 2013; Meiklejohn et al. 2017;
Merrett et al. 2021; Richter et al. 2021) and has effectively started to fill the gap in
archaeological research and understanding. Given the types of sites being explored, we are
gaining insight into what life might have been like in this region during the transition from
pastoralism and early agriculture to intensive agriculture!, however more research is needed to
further our understanding of this time period.

One site which has promise to provide further understanding is Seh Gabi, located in the
Central Zagros Mountains of Iran. This Chalcolithic period site was excavated in the 1970s by
Louis Levine of the Royal Ontario Museum. The Chalcolithic refers to a cultural period which
takes place at different times around the world, but is defined by small, dispersed villages
becoming a network of urban societies (Renette and Ghasrian 2020) along with metallurgy
(Rowan and Lovell 2011) and the continued presence of rich mortuary offerings (Rowan and
Lovell 2011; Walsh and Matthews 2018). In the Zagros Mountains, there are multiple
chronologies available for dating the Chalcolithic period. One such chronology says the

Chalcolithic occurred around 6950 cal B.P. 2 through 4950 cal B.P. (Renette and Ghasrian 2020;

! Intensive agriculture in Chalcolithic Iran refers to the usage of irrigation with dryland farming, and watercourses
running alongside sites is considered evidence for this (Henrickson 1991b). At Seh Gabi, there was a river which is
thought to have possibly ran between the mounds present (Hamlin 1974).

2 Date was converted to cal B.P. by adding 1950 to BC date, as is the standardized conversion method (University of
Oxford n.d.). Throughout this thesis this was done for all dates which were originally given in BC, bc, or bp.



Rowan and Golden 2009) while another indicates the date range of 7450 to 5150 cal B.P.
(Matthews and Fazeli Nashli 2022).

Seh Gabi is located within a mountain rain shadow (Zohary 1973) which is a dry area on
the downwind side of a mountain (Ghazala 2022). This dryland due to a rain shadow means that
there is less moisture available for crops and reduces the number of micronutrients available
within the soils for the crops (Moreno-Jiménez et al. 2019). Climate during the Chalcolithic was
broadly similar to modern climate (Peasnall 2002), thus it could be postulated that the rain
shadow effect would have been the same during the Chalcolithic period at Seh Gabi. Not only
was Seh Gabi located in a rain shadow, but this area also has an increased rain shadow effect
(Henrickson 1983; Kramer 1982; McDonald 1979) which directly contributes to Seh Gabi being
part of a marginal location (Zohary 1973). In a marginal zone agriculture is carried out in less-
than-ideal conditions and locations (Binford 1968; Flannery 1971; Merrett 2004; Redding 1988).
The lower levels of moisture associated with being in a rain shadow limits the micronutrients
available in soil for crops which in turn renders the area around Seh Gabi a marginal zone.

Increasing reliance on food production during the Early Neolithic resulted in resource
abundance and sedentism that heighted regional carrying capacity which in turn resulted in
population growth (Merrett 2004; Smith and Young 1972). As population density grew, groups
were pushed into areas of lower carrying capacity, or marginal zones, to support the expanding
population (Binford 1968; Flannery 1971; Merrett 2004; Redding 1988). In this context,
marginal locations exist in comparison to more optimal zones, such as that of the Neolithic site
of Ganj Dareh (Merrett 2004; Smith and Young 1972).

Considering both the environment and intensive agriculture as factors in daily life at Seh
Gabi, this population may have been susceptible to dietary stressors such as vitamin deficiencies
(Flannery 1971; McDonald 1979; Melville 1984). The inhabitants of Seh Gabi used a subsistence
strategy of intensive cultivation coupled with limited pastoralism, and foraging to supplement
their diet (Henrickson 1985b; Kramer 1982; McDonald 1979). These methods of subsistence, the
location in a marginal zone, and the increasing population could have had a direct impact on
people’s susceptibility to dietary stressors and illness (Flannery 1971; Larsen 1995; McDonald
1979; Melville 1984; Rowan and Golden 2009; Sener et al. 2026).

Given these factors, the question remains then why people would stay in such marginal

locations. It is thought to be a result of high settlement densities present in the region that limited



re-location options during the Chalcolithic, just as is the case in the region today (Kramer 1982).
We are then left with the question of how living in this marginal location impacted the health of
Seh Gabi’s population during the Chalcolithic.

This question will be addressed through examination of the thirty-two subadult human
skeletons (most under the age of one year) that were recovered from the excavations done in the
1970s at Seh Gabi. The hypothesis for this thesis is that some individuals would have
experienced metabolic bone disease (MBD), specifically vitamin deficiencies, due to the
potential for restricted dietary resources in a marginal environment. The skeletons will be
assessed for the presence of evidence that could be indicative of dietary stress in order to:

1) provide insight into the health of these individuals during a period of intensive agriculture
in a marginal zone

2) infer from findings a better understanding of health of the overall past population during
this time period

3) gain further understanding of the site and the Chalcolithic period by comparing findings
to both contemporaneous populations and to modern Iranians, located in rural areas

comparable to Seh Gabi.

For this thesis, it was important to look at not only any lesions themselves, but also all
lesions that were present on an individual. Given that the marginal zone location of Seh Gabi
could have led to inhabitants being exposed to dietary pressures and resulting deficiencies, how
dietary deficiencies are identified in human skeletal remains needed to be considered. The study
of dietary deficiencies and how they appear on human skeletal remains is ever evolving. In
recent years, lesions associated with scurvy and rickets (both dietary deficiencies) have been
identified as either diagnostic, non-diagnostic, or suggestive for each disease. This framework of
categorizing lesions directly lends itself to potential diagnosis. However, there needs to be a
certain number of each category of lesion to provide a probable diagnosis of either deficiency.
The categorization of lesions as diagnostic, non-diagnostic, or suggestive within this thesis is
based upon the work by Eggington et al. (2024), Schattmann (2014), and Snoddy et al. (2018).

This thesis first provides information regarding the archaeological context for Seh Gabi.
Following this an overview of metabolic bone diseases framed within a bioarchaeological

context is presented, exploring the associated skeletal changes and symptoms. A discussion of



vitamin deficiencies in modern Iran is given to inform interpretations about modern groups and
how it relates to this Chalcolithic population. Once all the relevant background and contextual
information is covered, the materials and methods of this thesis are presented. The results are
presented in a chapter covering the general prevalence of lesions providing a basis for the
discussion and interpretations about the children in this population, the whole population in
terms of maternal health, and cultural practices. Lesions are placed within the context of the
metabolic bone diseases. Finally, there is a brief discussion on how this compares to modern
Iranian groups, especially those living in locations like that of Seh Gabi, followed by suggestions

for further research.



Chapter 2: Archaeological Context

Interpretations of health of the inhabitants of Seh Gabi can only be made within the
archaeological context of the site. Towards this end, this chapter examines the geography and
climate of western Iran and the Zagros Mountains during the Chalcolithic period. Due to
research occurring over a long period of time, a substantial research hiatus resulting from the
Iranian Revolution, and the transition to calibrated AMS dating there are several chronologies
available for the Chalcolithic in the Zagros Mountains. One such chronology provides a date
range of around 6950 to 4950 cal B.P. (Renette and Ghasrian 2020; Rowan and Golden 2009)
while another alternatively provides the range of around 7450 to 5150 cal B.P. (Matthews and
Fazeli Nashli 2022). However, some skeletal remains from Seh Gabi have been radiocarbon
dated, and as such, occupation of the site can be directly tied to 6850+50 cal B.P. to 5070+30 cal
B.P. (Lazaridis et al. 2016; Narasimhan et al. 2019) (early through late Chalcolithic).

A discussion of the Chalcolithic will lead into the excavation of Seh Gabi, cultural
materials recovered (e.g., ceramics), and subsistence, followed by a discussion of the site history
to provide insight into the lives of its inhabitants. Relevant ancient DNA (aDNA) research from
the spatially related earlier site of Ganj Dareh and aDNA research on Seh Gabi itself (Gallego-
Llorente et al. 2016; Lazaridis et al. 2016; Narasimhan et al. 2019) will be discussed to help
understand the genetics of the Seh Gabi group and how the relationships between groups in the

region changed through time.



2.1 Geography of the Western Zagros Mountains
Seh Gabi is located within the Kangavar valley in the Central Zagros mountains (Hole

1987). The location of Seh Gabi in
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zones including low plateaus,
foothills, and highlands, resulting in differing environments and climates (Zohary 1973). There is
variation within the mountain range, with the lower elevation valleys to the east being narrower
and steeper than their western counterparts (Henrickson 1985b). The eastern regions of the
Zagros are not suitable for large-scale agriculture but are well suited for various forms of

pastoralism and small-scale intensive agriculture (Abdi 2003).

2.2 Climate of the Central Zagros During the Chalcolithic

The modern climate of the Central Zagros consists of hot summer droughts and cold
winter rains (Alijani 2008; Arsalani et al. 2015; Henrickson 1983; McDonald 1979). During the
Chalcolithic, the Zagros highland valleys were wetter and warmer than today; however, after
about 5950 cal B.P. the region became cooler and wetter (Henrickson 1983; McDonald 1979;
van Zeist and Wright 1963; van Zeist 1967; Wright et al. 1967). In addition, there is an increased



rain shadow effect or a dry area on the downwind (northeastern) side of the mountain ranges
(Ghazala 2022), that extend from southeast to northwest across the Central Zagros (Henrickson
1983; Kramer 1982; McDonald 1979).

Pollen sequencing on sediment cores has been used to approximate past climatic
conditions in the Zagros Mountains (van Zeist 1967). It should be noted however, that most
sediment cores are not directly associated with archaeological sites but rather from nearby areas
in which there are bodies of water within the western Central Zagros Mountains (e.g., Lake
Zeribar and Lake Mirabad) (van Zeist 1967), and findings are then extrapolated to nearby
archaeological sites (Merrett 2004). Results indicate that as climate became more temperate and
precipitation increased during the Neolithic, trees became more common in this region (van Zeist
and Wright 1963; van Zeist 1967). After 10,450 cal B.P., pollen cores indicate that the oak-
pistachio forest was expanding within the Central Zagros (El-Moslimany 1987; Freitag 1977;
van Zeist and Bottema 1977), reaffirming that after 6000 cal B.P. oak, pistachio, and almond
trees were dominant in highland valleys (Rothman 2011; van Zeist and Wright 1963; van Zeist
1967).

The Central Zagros were the habitat of the wild ancestors of domestic caprines (goats)
and ovines (sheep) (Abdi 2003). Morphologically wild goats have been found at archaeological
sites which predate the Chalcolithic, i.e. in the Early Neolithic 10,000 cal B.P. (Hesse 1982,
1984; Zeder and Hesse 2000; Zeder 2001). From the excavations at Seh Gabi, occupied three to
four thousand years later, both morphologically wild as well as domesticated caprines and ovines
were recovered (Hamlin 1973, 1974). The climate during this time made the area productive for
small-ungulate pastoralism (Henrickson 1985b). The inhabitants of Seh Gabi were situated to
engage in intensive agriculture and the use of domesticated animals, supplemented with
pastoralism, foraging from pistachio and almond trees, and hunting (Henrickson 1985b; Kramer

1982; McDonald 1979).

2.3 The Chalcolithic Period

The Chalcolithic period does not take place during the same time frame everywhere
around the globe. In the Zagros the Chalcolithic period started around 7450 cal B.P. and
continued until around 5150 cal B.P., based on the most recent available chronologies (Matthews

and Fazeli Nashli 2022). The Chalcolithic is defined by a long process in which dispersed small



villages became networks of urban societies (Renette and Ghasrian 2020). This was also the first
period in which metallurgy and larger villages appeared. During this period rich mortuary
offerings were present (Rowan and Lovell 2011) which were also seen in Neolithic burials
within the Eastern Fertile Crescent (Walsh and Matthews 2018).

There was cultural homogeneity across the Iranian plateau during the middle Chalcolithic
(Zeynivand et al. 2013) as seen through the widespread use of similar ceramics (Dadaneh et al.
2021; Henrickson and Vitali 1987; Nekouei and Yousefi Zoshk 2021). Different types of
ceramics are identified due to stylistic differences, and associated time periods are based on
seriation within the Chalcolithic (Hamlin 1973; Henrickson 1985b, 1985a). Much of the early
research in this area is based on this way of identifying ceramics and the associated time periods.
The Shahnabad period represented the earliest period of occupation within the Kangavar Valley
in which Seh Gabi is located (Henrickson 1985a). Ceramics associated with the Shahnabad
period are only found in the Kangavar Valley and Malayer region of Iran (McDonald 1979),
which are just under 100 kilometers apart. The Shahnabad ceramics found at Seh Gabi, and
throughout the aforementioned regions, are typically buff wares which can be painted
(Henrickson 1991a; McDonald 1979).

The following Dalma period refers to cultural materials dating from about 6750 cal B.P.
to 6350 cal B.P., at which time Dalma-type cultural materials were in widespread use in the Near
East (Henrickson 1988). The Dalma tradition was based in Northwestern Iran, which
demonstrates long range contacts associated with Seh Gabi (Henrickson and Vitali 1987). This
widespread use of Dalma pottery is thought to reflect a specific group with a unique language
and distributed lineage system, as well as a possible system of belief (Zeynivand et al. 2013).
Alternatively, the knowledge regarding Dalma-ware production could have been spread
throughout the region rather than the wares themselves, as the ceramics were made locally
(Mardi 2025).

After the Dalma period, the Godin IX, VII, and VI periods are represented. Godin IX,
otherwise known as the Seh Gabi period, is associated with the Middle Chalcolithic (Henrickson
1985a) which corresponds to around 6450 cal B.P. at the Seh Gabi site (Hamlin 1974). Godin IX
ceramics are tan-buff with black paint, plain red-slipped, or impressed red-slipped (Henrickson
1985a). These ceramics are somewhat similar in appearance to those seen throughout Middle

Chalcolithic assemblages in the Zagros (Henrickson 1985a). The Godin VII period corresponds



to around 5950 cal B.P. and Godin VI is associated with 5450 cal B.P. at Seh Gabi (Hamlin

1974). These latter two periods are thought to correspond with the Late Middle and Late

Chalcolithic, respectively. Plain and painted ceramics are seen in assemblages from these periods

at Seh Gabi and other sites in the Kangavar Valley (Henrickson 1985a). The table below (Table

2.1) lists the period names and associated dates at Seh Gabi, along with cultural periods at other

sites during the same time.

Table 2.1. Cultural Periods at Chalcolithic Sites and their Associated Time Based on Cultural Materials.

General Chronology " Seh Gabi Godin NW Iran
Early 7450 cal B.P. ? Shahnabad * XI (Kucheh) ? Hajji Firuz?®
6950 cal B.P.? Dalma (Godin X)* X (Dalma) * Dalma®
Middle 6450 cal B.P.? Seh Gabi (Godin IX)? VIII (Taherabad) *
5950 cal B.P.* Godin VII'* VII (Hosseniabad) Pisdeli®
Late 5450 cal B.P.* Godin VI?* VI (Chesmeh Nush)*

*Hamlin 1974
"Matthews and Fazeli Nashli 2022.




2.4 Seh Gabi: The Archaeological
Site

The Seh Gabi site has many
archaeological findings, including
ceramics, architectural structures, as
well as human remains. It is located
350 kilometers east from Baghdad
in the Central Zagros Mountains
(Hamlin 1973) and was first
excavated in 1971 and 1973
(Hamlin 1973, 1974). The precise
location of the site is shown in
Figure 2.2. It is made up of seven
mounds which are the result of
continual habitation through time

(Fig. 2.3). The first dig season
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Figure 2.2. Map of the Zagros Mountains showing location of
Seh Gabi (Adapted from Hamlin 1974: 274).

focused on the excavation of Mound B; the second dig season opened Mounds A, B, C, E, F, and
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274).
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G. The remnants of windowless architectural structures were found in Mounds A, B (Figs 2.4A
and 2.4B, below), C, and E (Hamlin 1973, 1974). The mounds will be discussed in the order they
were occupied (i.e., Mounds C, B, A, E, F, and D&G).

A B " B a1

o -

Figure 2.4A. Diagram of Architecture Housed Within Mound B (Adapted from Hamlin 1973: 225).
Figure 2.4B. Diagram of Architecture Found Within Mound A (Adapted from Hamlin 1974: 275).

The date ranges for the mounds are based on all layers within the mounds as the provenience of
both cultural materials and skeletal remains is not available within the excavation reports.
Ceramics were dated using older methods such as ceramic seriation while some skeletal remains
have been radiocarbon dated. As this thesis is focused on the skeletal remains, moving forward

radiocarbon dates associated with skeletal material will be preferentially used for the mounds

where applicable.

2.4.1 Mound C

Due to the presence of pre-Dalma ceramic-wares Mound C is associated with the earliest
occupation at Seh Gabi and has been dated to about 7450 cal B.P. corresponding to the
Shahnabad period (Hamlin 1974). One individual of the four excavated from Mound C was

radiocarbon dated and places human skeletal material from Mound C at 6850+50 cal B.P.

(Lazaridis et al. 2016).
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2.4.2 Mound B

Structures within Mound B demonstrated evidence of rebuilding (Hamlin 1973). Based
on ceramic seriation, some layers of Mound B are associated with both the Godin X and Dalma
period which corresponds to about 6950 cal B.P. Other layers of Mound B are from the Godin IX
and Seh Gabi period which date to about 6450 cal B.P. (Hamlin 1974). However, radiocarbon
dating of human skeletal materials from Mound B (three of the thirteen individuals were dated)

provides a date range of 5870+40 to 5740+40 cal B.P. (Lazaridis et al. 2016).

2.4.3 Mound A

Mound A had multiple periods of occupation and a multi-storied structure (Hamlin 1974)
(see the architectural layout of Mound A in Figure 2.4B, p. 11). Mound A had rooms containing
central hearth holes, smoothed pits, and grinding stones (Hamlin 1973, 1974). Due to the
ceramics and cultural materials found within the mound, Mound A is associated with the Godin
VII period, which dates to about 5950 cal B.P. (Hamlin 1974). However, radiocarbon dating on
some of Mound A’s skeletal material (two of the six individuals were dated) provides a date

range of 5105+35 to 5070+30 cal B.P. (Lazaridis et al. 2016).

2.4.4 Mound E

Mound E also had rooms containing central hearths holes, smoothed pits, and grinding
stones (Hamlin 1973, 1974). Mound E dates from the Godin VII and Godin VI period, or about
5950 cal B.P. and 5450 cal B.P. respectively (Hamlin 1974). Seven individuals were found and

excavated from this mound.

2.4.5 Mound F
Mound F also comes from the Godin VI period, about 5450 cal B.P. (Hamlin 1974). Two

individuals were excavated from this mound.

2.4.6 Mounds D & G
The architectural remains which were sometimes reused and rebuilt demonstrate that
there were multiple continuous periods of occupation in Mounds D and G, but they have not yet

been dated (Hamlin 1974).
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2.4.7 Cultural materials

Along with architecture, there is also a variety of cultural materials uncovered at Seh
Gabi. The archaeological assemblage contains reed matting, charred wood, faunal remains, plant
remains, ceramics, flakes, flint, chert, obsidian, ground stone artifacts, bone implements, shell
artifacts, baked clay artifacts, and copper artifacts (Hamlin 1973, 1974). Mound B, for example,
contained artifacts which are representative of the entire assemblage listed, including ceramic
vessels associated with the Godin VI-VIII periods, flakes, flint, chert, obsidian, ground stone,
shell, and implements fashioned from either goat or sheep bone (Hamlin 1973). The ceramics
found within the layers of Mound B contained a large range of Dalma wares (Hamlin 1973),
along with some black on buff Seh Gabi wares (Henrickson 1985a).

Stone and baked clay artifacts were recovered from all the mounds which consisted of
animal figurines, spindle whorls, pot sherds, a stamp seal impression, beads, and geometric
shaped pieces (Hamlin 1973, 1974). These geometric shaped pieces resemble those found at
Neolithic sites of Jarmo, Sarab, and Ganj Dareh (Hamlin 1973).

Analysis of the faunal remains indicated that inhabitants subsisted off a large variety of
small game and a few domesticated animals (Hamlin 1974). Later inhabitants of the site
continued hunting but the number of identified domesticates increased with time (Hamlin 1974).
The increased number of domesticates through time could indicate a higher reliance on the

domesticated animals rather than wild ones.

2.5 Burial Practices

In addition to cultural materials, human skeletal remains of 32 individuals were recovered
from Seh Gabi. No adult remains were recovered, however subadult skeletal material was found
in Mounds C, B, A, E, and F (Hamlin 1973, 1974). These subadults, generally under the age of
five years old, were interred within ceramic vessels or in subfloor inhumations (Hamlin 1973).
For example, within Mound B there are subadults who were interred within ceramic vessels
associated with the Godin VI-VIII periods, about 5950 to 5450 cal B.P. (Hamlin 1973, 1974).
Mound C contained subadults in subfloor inhumation burials, of which one had a bead necklace
(Hamlin 1974). Within Mound E the remains of an adolescent were found in a midden (Hamlin

1974).
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Burial types may provide insight into specific time periods and places. Regional mortuary
practices are hard to detect from Chalcolithic sites but broadly speaking storage jars were used as
“coffins” for infant burials (Rowan 2014). There were more distinct mortuary practices seen in
the later occupied mounds than what was seen in Mound C. Overall, it seems that the people of
Seh Gabi aligned with the cultural practice of interring subadults in ceramic vessels. At Dalman
sites, for example Dalma Tepe, burials are characterized by ceramic vessel and sub-floor
internment in which only infants are represented in the skeletal record (Henrickson and Vitali
1987). At Seh Gabi, this patterning is more commonly represented within temporally later
burials. While infants from temporally later contexts were recovered within vessels (i.e., Mounds
A, B, and E), those from earlier temporal contexts (Mound C) were interred in subfloor
inhumations (McDonald 1979). The occupation of Mound C is associated temporally with the
Late Neolithic (Hamlin 1973, 1974), and this pattern of subfloor inhumations is similar to other
Neolithic sites in the region like Ganj Dareh (Merrett 2004), and Sheik-e Abad (Walsh and
Matthews 2018).

A summary of burial practices along with the burials themselves can be seen in Table 2.2,
below. The associated dates for the mounds are also presented. Radiocarbon dates, when

available, are used preferentially for the chronological organization of mounds within this table.



Table 2.2. Burial Location and Type at Seh Gabi.
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2.6 The Culture of Seh Gabi

Burial Mound C Mound E Mound B Mound F Mound A
6850+50 cal B.P.2 5950 to 5450 cal 5870+40 to 5450 cal B.P.P 5105+£35 to
(7450 cal B.P.%) B.P? 5740+40 cal B.P.2 5070+30 cal
(6950—6450 cal B.P*
B.P.%
1 SG 1: SF SG22: PB SG 5: PB SG 24: UNK. SG 18: PB
2 *SG 2: SF SG23: PB SG 6: SF SG 29: SF *SG 19: PB
3 SG 3: SF SG 25: SF *SG 7: SF SG 20: PB
4 SG 4: SF SG 26: SF SG 8: PB *SG 21: PB
5 SG27: PB SG 9: PB SG 30: UNK.
6 SG 28: PB SG 10: PB SG 31: UNK.
7 SG 32: UNK. *SG 11: PB
8 SG 12: PB
9 SG 13: PB
10 SG 14: PB
11 SG 15: PB
12 *SG 16: PB
13 SG 17: UNK.
Table 2.2 Legend
SF = subfloor inhumation
PB = pot burial
UNK. = unknown
*=radiocarbon dated
2 Lazaridis et al. 2016; Narasimhan et al. 2019
® Hamlin 1974.

One of the most prominent artifact types uncovered at Seh Gabi was ceramics that

consisted of three categories: Shahnabad, Dalma, and Seh Gabi (Hamlin 1973; Henrickson

1985b, 1985a). The Seh Gabi wares are distinguishable because their motifs are made from black

paint which crystallized during the firing process (Motarjem and Sharifi 2014). This is

technologically and stylistically distinct from other kinds of pottery found at other Chalcolithic
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sites in the Near East (Renette and Ghasrian 2020). A variety of over-fired ceramic sherds were
also found at Seh Gabi, suggesting that pottery was locally made (Hamlin 1973). Despite
potentially being geographically isolated, the inhabitants of Seh Gabi created ceramics which
followed the tradition and style of the rest of the Iranian plateau to the northwest at the time. This
could mean that information and style was disseminated to and/or from Seh Gabi. Genetic
analyses suggest that people started to move to both the north and northeast during the middle
Chalcolithic, so it is possible that as groups of people moved, they disseminated knowledge
associated with ceramics making and styles with them (Lazaridis et al. 2016, Narasimhan et al.
2019).

Other cultural materials found at Seh Gabi were seals and sealings which can indicate an
early form of centralized administration (Rothman and Badler 2011). Within Mound B, one
Dalma period seal and sealing was found that bears imagery of a schematic bird in flight, while
the sealing had a quartered circle upon it. This type of imagery was used across the northern and
central Zagros. Other seals and sealings reflect other cultural periods within the Chalcolithic
(Henrickson 1988). Based on typology, seals and sealings found within Mounds A and E are
dated to the Hosseniabad period, from about 5750-5550 cal B.P. Most of the seals and sealings
found at Seh Gabi are from this period. One of these sealings has anthropomorphic features
which could suggest a thematic connection to those found at Tepe Gawra, northern Iraq. As well,
Mound E had a sealing which reflected the Chesmeh Nush period of around 5550-5050 cal B.P.
This sealing had stylistic similarities to a middle Uruk assemblage from the site of Susa and
could represent an early version of an archer motif from other Chalcolithic archaeological sites in
Iran, such as Susa and Godin Tepe (Henrickson 1988). These stylistic similarities to seals and
sealings found at other sites could be representative of knowledge dissemination and ties to
surrounding areas. Additionally, the geometric shaped pieces were initially thought to be gaming
pieces (Hamlin 1973) but alternatively they may have been tokens related to trading and contact
with other areas (Schmandt-Besserat and Moghimi 2017). It has also been suggested that those
who lived at Seh Gabi could have conducted metallurgy based on the recovery of a fragmentary
crucible and several pieces of molds with molten metal inside (Hamlin 1974; Rothman and
Badler 2011). This underlines the idea that cultural practices were disseminated into and out of

Seh Gabi, as indicated by the uniformity of some of the imagery found at the site.
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There seems to have been regional variation in terms of subsistence methods within the
Zagros Mountains and access to cereals, legumes, and various nuts (Hole 1984). In the middle
and late Chalcolithic, inhabitants of the Kangavar region were sedentary agriculturalists who
engaged in dry land farming supplemented with hunting and gathering (Flannery 1983;
Heathcote in Hamlin 1974; Heathcote 1974). In the central Zagros, the density of sites associated
with the middle and late Chalcolithic increases (Smith and Young 1983). It has been argued that
the presumed associated population density increase would decrease the amount of area available
to forage and construct villages (Flannery 1971; McDonald 1979; Melville 1984; Smith and
Young 1972). This in turn would force an increased reliance on domesticates and cultivated
products, leaving populations open to periodic dietary stress (Flannery 1971; McDonald 1979;
Melville 1984).

Specialized nomadic pastoralism increased in the middle and late Chalcolithic and came
to characterize the subsistence method employed in the western Central Zagros (Henrickson
1985b, 1985a). This was the result of population growth and dispersal, subsistence
specialization, and maintaining social ties between villages and herders (Henrickson 1985b).
Transhumant pastoralism is a form of mobile pastoralism which is based out of a sedentary
settlement (Abdi et al. 2002). The Zagros was an early center of goat domestication (Hole 1984)
as initial domestication occurred in the mountains ca 10,000 cal B.P. (Zeder and Hesse 2000). At
the geographically related Early Neolithic site Ganj Dareh, there were the remains of wild goats
but also indicators of human control over them (Hesse 1978). It has also been suggested that an
individual at Ganj Dareh engaged in transhumant pastoralism due to sulfur isotope analysis
(Merrett et al. 2021). However, unlike Seh Gabi, Ganj Dareh was not in a rain shadow (i.e. Ganj
Dareh is located in an optimal region for goat herding) as it is located more westerly (Hesse
1982; Merrett 2004; Zohary 1973). The climate of Ganj Dareh would have differed from Seh
Gabi given that it was occupied during the Neolithic, closer to the last glacial maximum and just
recovering from the Younger Dryas cold period with more steppe-like vegetation, while the
Chalcolithic climate was closer to that of the present-day (Henrickson 1983, 1985a; McDonald
1979).

Seh Gabi appears to have been occupied year-round (Levine 1974). Excavation revealed
the presence of morphologically wild faunal remains in all the mounds at Seh Gabi, indicating

that hunting was a persistent activity (Hamlin 1973, 1974). The faunal remains indicated that
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there was also an increased reliance on domesticates throughout time (Heathcote in Hamlin
1974) including a higher prevalence of sheep and goat skeletal remains than cattle and pigs
(Heathcote 1974). While many of the caprines (goats) and ovines (sheep) present were young
individuals, some were neonate or old. These caprine and ovine remains showed morphological
indicators of domestication while the cattle and pigs did not (Heathcote 1974). Caprines and
ovines could have been used for meat, wool, and milk (Hole 1984). Residue analysis of ceramics
from Late Neolithic sites (Abdul Hosein, Ali Kosh, Chogah Mish, Qale Rostam, Mar Suchar,
Sang-e Chakhmagq, Tepe Sohz, Tepe Tula’i, and Wezmeh) in the Zagros Mountains indicate that
exploitation of caprine dairy products was occurring in the region though the degree of
utilization depended on the site (Casanova et al. 2026). Thus, it is possible that the inhabitants of
Seh Gabi were also engaging in dairying, but this is hypothetical. Other animals like wild boar,
gazelle, red deer, hare, and turtle have also been identified in the faunal assemblage (Heathcote
1974). However, it is not apparent which animals were used preferentially for meat during Seh
Gabi’s occupation.

There is also some evidence of subsistence farming at the site (Levine 1990), due to the
presence of grinding stones and sickles in the assemblage as well as built-in storage facilities
(Kramer 1982). Additionally, it is thought that a river could have wound through the mounds
during the period of occupation (Hamlin 1974). Specific evidence of crops at Seh Gabi has not
yet been assessed, however looking to nearby sites could provide insight. The Zagros Mountains
have been identified as a region which would have supported the growth of cereals and legumes
(Henrickson 1985b) which can be see through the presence of domesticated characteristics on
cereals which were associated with later phases of occupation at Ganj Dareh (Rothman and
Badler 2011) (see Merrett (2004) for a differing opinion on cereal domestication at Ganj Dareh).
Additionally, at Godin Tepe (Chalcolithic) multiple types of wheat along with barley, lentils,
chickpeas, and coriander have all been identified through archaeobotanical analysis (Miller
1990). Further support is provided by isotopic analysis of the human bone from Seh Gabi has
indicated a terrestrial diet (Scott 2018). It is possible then that cultivated crops like wheat and
barley were used at Seh Gabi. But the understanding of subsistence strategy at Seh Gabi is more
hypothetical at this point without a botanical analysis available.

However, within the earliest mound, Mound C, it is suggested that the method of

subsistence would not have incorporated animal husbandry along with processed plant products
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(McDonald 1979) as there were few domesticates recovered (Heathcote 1974). The architecture
of Mound C suggests that there might have been periodic site abandonment which may reflect
unsuccessful initial attempts to occupy an otherwise marginal location (McDonald 1979). From
the temporally later Mounds A, E, and F, artifacts like sickles and grinding stones, and faunal
remains suggests sedentary agriculturalists who engaged in dry land farming and animal
husbandry, which was supplemented by hunting and fowling (McDonald 1979; Kramer 1982).
This animal husbandry could have involved the nomadic pastoralism of both caprines and ovines

(Henrickson 1985Db).

2.6 aDNA, Genetics and Seh Gabi

aDNA analysis has been performed on some of the skeletal remains from Seh Gabi, as
well as those from Ganj Dareh, a geographically related Early Neolithic site (Lazaridis et al.
2016; Narasimhan et al 2019). The results indicate that Western Iran was populated by those who
were most genetically like hunter-gatherers from the Caucasus during the Neolithic. However,
they were distinct from Neolithic Anatolian peoples who brought food production to Europe.
Those who lived within the Central Zagros were isolated from other genetic groups in the region,
for example in the Levant and Anatolia (Gallego-Llorente et al. 2016). This genetic
distinctiveness and isolation of the people from Ganj Dareh is somewhat replicated at Seh Gabi.
The Chalcolithic population of Seh Gabi appears to be related to the Neolithic individuals from
Ganj Dareh but does not form a strict clade with them (Lazaridis et al. 2016). Populations outside
of Iran share more alleles with the Chalcolithic than Neolithic Iranian population which suggests
that those from Seh Gabi may have had mixed ancestry (Lazaridis et al. 2016). Genetic
admixture with peoples from Anatolia did not occur until after the period associated with Seh
Gabi (Lazaridis et al. 2016; Narasimhan et al. 2019). Despite there appearing to be cultural
transmission throughout the region, due to the widespread usage of the same ceramic styles, gene

flow does not appear to have followed this trend.

2.7 Summary
The areas of geography and climate, excavation, culture, and aDNA analysis have all
been explored to gain a fuller picture of life at Seh Gabi. The excavations provided evidence of

cultural materials, architecture, as well as skeletal remains (the focus of this thesis). Cultural
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materials have also shown evidence of daily life and mortuary practices while aDNA indicates
that this population was genetically distinct from contemporary groups in other regions. The
geography of the region indicates that there were topographic characteristics which could have
presented barriers to those who made the area their home while climate at the time of occupation,
along with the cultural materials represented within the assemblage suggest that mixed
subsistence methods were the most effective form of living for those who occupied Seh Gabi.
However, to gain a full understanding of what a lived experience of potential dietary stress might
have looked like for the population at Seh Gabi, the modern clinical symptoms and resulting

effects on skeletal remains must be examined.
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Chapter 3: Metabolic Bone Disease

3.1 Introduction

Palaeopathology is the study of disease in the past (Roberts and Manchester 2007). When
applied to the archaeological record and skeletal remains, skeletal lesions represent a variety of
lived conditions for people in the past. Changes resulting from fractures, repetitive motion, and
disease, infectious or otherwise, which can be evident in bone or in soft tissues, are encompassed
under the palaeopathology umbrella (Roberts and Manchester 2007). It is important to note that
as some diseases take longer to appear in bone than in other tissues, it is possible that there are
undiagnosed cases in the archaeological record as a person could have died prior to the formation
of bony indicators (DeWitte and Stojanowski 2015; Wood et al. 1992). Quite often, diseases do
not cause bony changes at all and of those that can, only a small fraction do so prior to death. It
is also possible for osseous lesions to be unrelated to the cause of death. Further, a skeleton
which shows many lesions may represent an individual who was healthier in life with stronger or
more effective immune responses than one without lesions. This is what is known as the
osteological paradox (DeWitte and Stojanowski 2015; Wood et al. 1992). An archaeological case
of disease will not necessarily present with all possible lesions — it depends on the preservation
of remains, how much of the skeleton is present, the stage of disease progression, and the
individual’s immune system (e.g., Cope and Dupras 2011; Gresky et al. 2020; Nord et al. 2005).

One category of lived conditions within palacopathology are metabolic bone diseases
(MBD). Metabolic bone diseases cause changes in normal bone formation, resorption,
mineralization, or a combination of all three (Brickley and Mays 2019). These diseases can arise
through a variety of causes, for example dietary deficiencies such as vitamins C and D
deficiencies. They can cause bony changes at any point during the life course. Many bone lesions
which are a result of metabolic bone disease are similar. A differential diagnosis for any
individual skeleton with lesions is necessary to determine the possible options as to which
conditions could have resulted in the lesions. To provide a thorough differential diagnosis, any
archaeological, temporal, historical, climatic, geographic, and cultural information available
must be considered along with the lesions (Buikstra et al. 2017). In a differential diagnosis the
main features of lesions are summarized and then compared to all diseases which can exhibit the
same array of lesions, until the closest match(es) possible is (are) found (Klaus 2017; Mays

2020). This comparison will include the lesions themselves, the distribution of lesions across
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skeletal elements and the entire skeleton, and the sex and age of the individual (Klaus 2017;
Mays 2020). Information from both social and medical sciences should be used to inform
interpretations about lifeways from this differential diagnosis (Buikstra et al. 2017).

Today, metabolic disease can be common (Albahri et al. 2021), and as such, could
theoretically have been as, if not more, common in the past. For example, cases of rickets in the
United States were common in the early 20" century, then decreased to almost non-existent
levels in the mid-20™ century, but in the present-day there is a resurgence being experienced
amongst the non-white juvenile population due to breastfeeding practices (Rajakumar and
Thomas 2005). By understanding which metabolic diseases could be present today and what they
look like in skeletal remains, a deeper understanding of the past can be had.

Within this chapter, an overview of Vitamin C and D deficiencies, then other metabolic diseases
such as anaemia, fluorosis, hyperostosis, and osteogenesis imperfecta is given. These diseases
could have been present at Seh Gabi given the site’s archaeological context and because these
diseases have been seen in subadult remains from antiquity. This overview will include what
each metabolic disease is, and possible lesions in human remains. Additionally, what these
lesions could mean in an archaeological context will be discussed. While there are other
metabolic bone diseases (pellagra, osteoporosis and osteopenia, Paget’s Disease,
hyperparathyroidism, hypophosphatasia, osteopetrosis), these are rarer in subadults, and as such
are not discussed here (Arumugam et al. 2015; Cleveland Clinic 2024; Genetic and Rare
Diseases Information Center; Naveen et al. 2013; National Institute of Arthritis and
Musculoskeletal and Skin Diseases; Walczyk et al. 2011). Despite how rare these metabolic bone
diseases are they should still be included in broader differential diagnoses where applicable (see

Chapter 6).

3.2 Vitamin Deficiencies

The first metabolic bone diseases discussed are vitamin deficiencies. Vitamin C and D
deficiencies are frequently mentioned in archaeological literature and new research is often
emerging on their manifestation in skeletal remains (e.g., Brown and Ortner 2011; Ortner and
Ericksen 1997; Geber and Murphy 2012). These two deficiencies are perhaps more well-known

by their colloquial names of scurvy and rickets, respectively.
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3.2.1 Vitamin C deficiency

Vitamin C deficiency (VCD) occurs when an individual does not ingest an adequate
amount of vitamin C (ascorbic acid), and as a result suffers both clinical symptoms and bony
changes with prolonged deficiency (Brickley and Ives 2006; Fain 2005; Mays 2008; Mimasaka
et al. 2000; Ortner and Ericksen 1997; Tamura et al. 2000). Vitamin C is a systemic antioxidant
and is used in the development, function, maintenance, and regulation of different cell and tissue
types throughout the body including bone cells (e.g., osteoblasts) and other connective tissue
forming cells (Aghajanian et al. 2015). While most other animals can synthesize their own
vitamin C, humans cannot (Aghajanian et al. 2015; Brickley and Mays 2019; Ortner and
Ericksen 1997) and are completely reliant on dietary intake to provide sufficient vitamin C for
biological processes (Brickley and Mays 2019; Brown and Ortner 2011; Fain 2005).
Additionally, the human body has minimal storage capacity for vitamin C, so regular
consumption is required (Brown and Ortner 2011; Fain 2005). Scurvy stems from an inadequate
intake of fruits and vegetables, as well as other foods which contain vitamin C (Brickley and
Mays 2019; Fain 2005; Ortner and Ericksen 1997) such as liver and cow’s milk (World Health
Organization 1999). It is interesting to note that goat milk contains higher levels of vitamin C
than cow milk (Holmes et al. 1943; Kondyli et al. 2007), meaning that the inhabitants of Seh
Gabi could have been ingesting some vitamin C if they were consuming goat dairy products.

Other stressors on the body such as pregnancy, lactation, and growth can also drain the
body of vitamin C (Fain 2005). VCD is defined as <11.4 umol/L of serum ascorbic acid
(Aghajanian et al. 2015), whereas normal levels are >28 umol/L (Jacob 1990; Loria et al. 1998).
In adults, symptoms of VCD will manifest after complete deprivation of ascorbic acid after about
22-28 weeks (Hodges et al. 1971). In children, clinical symptoms can appear within 8—12 weeks
of insufficient vitamin C intake (Algahtani et al. 2010). For complete recovery to occur all that is
needed is a return to normal vitamin C intake (Hodges et al. 1971).

Scurvy is not commonly found in individuals prior to the age of four months, unless their
mother is also deficient in vitamin C; it is more frequently seen during later infancy and
childhood (Brickley and Mays 2019), although it can occur at any age (Gulko et al. 2015).
Neonatal levels of vitamin C are related to maternal levels and the amount of vitamin C present
in breast milk (Aghajanian et al. 2015). It is also possible that if a mother is scorbutic (has scurvy

or changes related to scurvy) and is nursing her child, the child may not receive enough vitamin
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C in their diet and thus become scorbutic themselves (Popovich et al. 2009). This may have been
the case for some of the infants present at Seh Gabi.

Children are more susceptible to being scorbutic due to the extensive synthesis of

collagen during the growth

process (Zuckerman et al.

Self Assembly in

2014). The reduced quantity Triple Helices

Glycosylation
and stability of collagen
induced by VCD alters the WT _ﬁ
growth process, resulting in oRA :f,cparz“,:::o ;\}
pathological changes. Vitamin . | Transcription
C is crucial for the
hydroxylation of key amino = 3ge of \ | RNA _
. ) . B = 4 Procollagen

acids (e.g., proline, lysine) i Protein
which provide stability to the \
. Mature G Vitamin C
collagen molecules (Fain 2005;
Koon 2010; Travis 2008) (Fig.

3.1). This creates more

Assembly
iI"lt-’J- fl s

opportunities for fragile blood

vessels to be formed, weakness

in connective tissues, and Figure 3.1. The pathway of collagen production and the role of vitamin
C within that (Adapted from Libby and Aikawa 2002: 1397).

impaired wound healing
(Aghajanian et al. 2015; Armelagos et al. 2014; Brickley and Ives 2006; Brickley et al. 2020a;
Fain 2005; Marini et al. 2007; Ortner et al. 2001; Ortner and Ericksen 1997; Tiesler et al. 2016;

Walmsley et al. 1999; Zuckerman et al. 2014). With prolonged deficiency, synthesis of collagen
is impaired, and there is abnormal bleeding due to connective tissue defects (Tiesler et al. 2016).
Collagen is a primary component of bones, teeth, and blood vessel walls (Brickley and
Ives 2006). Blood vessel walls are weak such that hemorrhaging is commonplace (Brickley and
Mays 2019; Ortner and Ericksen 1997) especially in response to minor trauma (Jaffe 1972). The
periosteum, which encapsulates bone, is impaired by defective collagen as well, which leads to
weakened Sharpey’s fibres and subsequent subperiosteal hemorrhage (Tiesler et al. 2016).

Hemorrhage can easily occur between the periosteum and bone as it is less firmly attached;
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especially in children and in the eye orbits, making these areas more susceptible to bleeding
(Ma’luf et al. 2002; Ortner and Ericksen 1997). Subperiosteal hemorrhage lifts the periosteum
away from the underlying bone disrupting blood vessel walls and stimulating new bone
formation due to either subsequent inflammation or mechanical pressure (Ortner and Ericksen
1997; Weston 2012). These changes to internal body structures, along with the clinical
experience of chronic bleeding, lead directly to skeletal changes as indicated by subperiosteal
new bone formation. This directly relates to how this lived experience translates into repeated

episodes of capillary damage and bony changes observed in skeletal samples of past populations.

3.2.1.1 Skeletal indicators of VCD.

Inadequate collagen production changes the way bones model and remodel, and as such
may be visible macroscopically. Children experience more rapid bone growth and modelling
than adults, so the skeletal changes associated with scurvy are more readily visible upon their
remains (Fain 2005). Scurvy is one of the more well-researched and more visible metabolic
diseases recognized in the archaeological record. It has been described in many archaeological
cases, beginning in the 1990s and increasingly since then (e.g., Eggington et al. 2024; Geber and
Murphy 2012; Ortner and Ericksen 1997; Ortner et al. 1999; Schattmann et al. 2016; Snoddy et
al. 2018).

In general, porosity is associated with scurvy. In response to the bleeding outside of the
circulatory system, the body creates new vessels for the blood to go through in the bones, thus
dealing with the hemorrhage, and leaving porosity on the bone surface (Brickley and Mays 2019;
Brown and Ortner 2011; Ortner and Ericksen 1997; Ortner et al. 1999; Ortner 2003). One of the
most likely skeletal indicators of scurvy is porosity on the greater wing of the sphenoid (Ortner et
al. 2001), however, this skeletal element is not often present in the archaeological record
(Brickley and Ives 2006). Other bony indicators of scurvy are porosity on the cranial bones
(facial bones, palate, basiocciput [see below for more recent exclusion], orbits), and scapulae,
irregular and spongy new bone formation and porosity on the metaphyses of long bones
(Brickley and Ives 2006; Mays 2008; Moore and Koon 2017; Ortner et al. 2001; Ortner and
Ericksen 1997). This long bone metaphyseal porosity can be confused with normal growth
patterning seen on the cut-back zones of long bones (Carter et al. 1996). The porosity associated

with scurvy seen on the cortical surface of the bones infiltrates the cortex but does not connect to
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the diplo€ or medullary cavity (Ortner et al. 2001). Porosity, in the context of scurvy, comes
from either chronic inflammation (Ortner and Ericksen 1997) or from stress on the soft tissues
surrounding the bone, which results in haemorrhage (Brickley and Ives 2006). This porosity
within the osteons of cortical bone results in a widening of the Haversian canal space since there
is reduced deposition of new osteoid and thus reduced infilling of the Haversian canal during
remodelling in an individual with scurvy. Scurvy-related porosity is common in areas of the
skeleton which are attachment sites for muscles (Ortner et al. 2001). For example, attachment
sites for muscles of mastication (e.g., the coronoid process of the mandible) are commonly
impacted (Ortner et al. 2001).

Subperiosteal new bone formation occurs on skeletal remains as a response to

haemorrhaging associated with scurvy (Brickley et al. 2020a). An example of both porosity and

new bone formation associated with
scurvy is shown in Figure 3.2.
However, it should be noted that the

use of a porotic basiocciput as a

diagnostic feature of scurvy has

Figure 3.2. Porosity and new bone formation on inferior view of
been debated due to the muscle basiocciputs of individuals (<12 years old) with infantile scurvy, 1
cm scale bar (Adapted from Moore and Koon 2017: 96).

attachment patterning on that area

(e.g., Eggington et al. 2024;
Gonzalez Martin et al. 2018; Moore and Koon 2017). Given the uncertain nature of this feature,
and that the research surrounding it is ever evolving, it will not be used as a diagnostic feature

within this thesis’ analysis but will still be noted when present.
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There are also radiological indicators which can be used to identify scurvy when x-rays
are available for remains. These include a white line of Fraenkel, Wimberger’s ring, Pelkan
spurs, metaphyseal fractures, generalized osteopenia, and cortical thinning in the long bones
(Fig. 3.3A) (Schattmann et al. 2016). The white line of Fraenkel is a dense area of calcification

that occurs in a growing

metaphysis whereas a
Wimberger’s ring is an epiphysis
surrounded by a sclerotic ring

with a more radiolucent center.

Pelkan’s spurs (Fig. 3.3B) are

Figure 3.3A. Wimberger’s rings (white arrows), and white lines of
bony protrusions which occur at Fraenkel (black arrows) on the distal femora and unfused epiphyses of
the femora and tibiae (Adapted from Vitoria et al. 2016: e3).

the metaphyseal margins and
) Figure 3.3B. A Pelkan spur indicated by the (arrowhead) (Gulko et
extend at right angles to the shaft | al. 2015: 293).

of the bone (Schattmann et al.
2016). Fractures can occur in these areas (i.e. metaphyseal fractures) (Brickley et al. 2020a).
Using the multiple skeletal indicators described above in a differential diagnosis can theoretically

provide a more accurate diagnosis.

3.2.1.2 Archaeological examples of VCD.

In archaeology, the presence of scorbutic lesions on skeletal remains can inform
researchers about the diet of a past population. An archaeological case (Ortner et al. 2001) of
subadults from Indigenous populations (1000 to 150 cal B.P.) from the Mid-Atlantic, Southwest,
Southeast (Florida), and Plains regions of the United States, were assessed for any lesions
associated with VCD. Prevalence of scurvy ranged from 0% within Plains groups to 38% in
groups in Florida. Different reasons suggested for this variability in prevalence included regional
and seasonal variation in food types, cultural patterns of storage and utilization, and periodic
food shortages. However, it is thought that the most plausible explanation for the low scurvy
prevalence in Plains groups was the consumption of pemmican. Pemmican would have ensured
adequate vitamin C levels for people throughout the winter on the Plains (Ortner et al. 2001).

This case shows that different diets impacted the levels of VCD experienced between cultural
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groups within North America. Understanding what VCD is and its physiology, as well as
possible past diets informs interpretations about lifeways in the past.

Another notable archaeological case of scurvy was found upon examination of the
remains of a Bronze age 2-year-old child from England, dated to 4150-3920 cal B.P. (Mays
2008). Most of the pathological indicators were in the cranial bones. It was suggested that
breastfeeding probably stopped some time prior to this individual’s death as breast milk is a
source of vitamin C, and the presence of scorbutic lesions indicates that the individual was
deprived of vitamin C for at least 8—12 weeks. It is also postulated that what the child was eating
may have been heated to the point where the vitamin C content was destroyed (Mays 2008)

which provides insight into life practices of this group.

3.2.2 Vitamin D deficiency

Vitamin D deficiency (VDD), rickets, is one of the most common health conditions
which has been ever present in human populations (Brickley et al. 2017). A prolonged lack of
vitamin D leads to deficiency (Brickley and Ives 2008b; Roberts and Manchester 2007). The
majority of the body’s vitamin D requirement is filled from UV exposure and is produced in the
skin (Pitt 1995). Healthy humans can produce all the vitamin D needed through adequate skin
exposure to sunlight and UVB radiation (Brickley et al. 2014, 2017; Brickley and Mays 2019;
Holick 1996, 1999). Vitamin D may also be ingested, either from food sources, such as eggs and
salmon, which contain vitamin D or through dietary supplementation (Brickley et al. 2014,
2020a). Vitamin D serum levels below 25 nmol/L are indicative of deficiency (Mithal et al.
2009). Anything less than 10—15 minutes of sun exposure 2—3 times a week can lead to lower

serum levels, and deficiency (Holick 2004).
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Vitamin D is a prohormone necessary for the absorption of calcium and phosphorus from

the gut (Roberts and Manchester 2007). A deficiency limits the body’s ability to absorb calcium

and phosphorus from the intestines (Brickley et al. 2014). The pathway of vitamin D metabolism

can be seen in Figure 3.4 and also shows interactions between various tissues and metabolic

functions.

Calcium homeostasis
is the main function of
vitamin D in the human body,
and this homeostasis requires
vitamin D to enter systemic
circulation as a pro-hormone
precursor and undergo
conversion steps in the liver
and then in the kidneys, to
become an active hormone
and affect the target tissues
(Fig. 3.5A, p. 30) (Holick
2006). Calcium homeostasis
is vital for the functioning of
metabolic processes and

neuromuscular activities

(Mithal et al. 2009; Holick
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Immunoloay functions

2006). Failure at any step during this process may result in vitamin D deficiency (VDD)

(Brickley et al. 2014). The release of parathyroid hormone is also impacted by the levels of
calcium absorbed (see Fig. 3.4) (Holick 2002; Parfitt et al. 1982). Additionally, vitamin D is

essential for the metabolism of phosphorus, and phosphorus is necessary for osteoid

mineralization (Brickley and Mays 2019). When vitamin D levels are too low, minerals,

phosphorus, and calcium have decreased absorption in the gut (Fig. 3.5B) (Brickley & Mays,

2019).
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Figure 3.5A. The biological effects of low vitamin D (Adapted from Brickley et al. 2020a: 86).

Figure 3.5B. Low vitamin D and the development of rickets (Adapted from Brickley et al. 2020a: 77).

There are many factors which can result in VDD. These causes include insufficient

dietary acquired vitamin D (Dent and Smith 1969), and diet is sensitive to socio-cultural factors
(Brickley et al. 2014). Other causes include inherited disorders (Glorieux and St-Arnaud 2005;
Holick 2006; Malloy and Feldman 2003), autosomal dominant hypophosphatemic rickets (Econs
and McEnery 1997), X-linked hypophosphatemic rickets (HYP Consortium 1995),
malabsorption disorders which affect uptake of vitamin D or calcium (Hanly et al. 1985), renal
or metabolic disorders (Dusso et al. 2005), and liver failure (Melvin et al. 1970) which results in
the loss of conversion enzymes needed for the production of active vitamin D (Brickley et al.
2014). Increased rates of urbanization contribute to higher rates of VDD (Roberts and
Manchester 2007) due to air pollution, which can block sunlight (Oberhelman and Thacher
2013). A cultural factor which may increase the rates of VDD are the ways of dressing in areas

where there is a lot of sunlight. For example, swaddling and staying indoors reduces the amount
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of sunlight to which a subadult would be exposed (Roberts and Manchester 2007; Shin et al.
2008). If skeletal remains come from a location in which structures had no windows, for example
at Seh Gabi, this could further reduce sunlight exposure. Cultural practices or religious beliefs
which keep girls and women indoors and/or covered with clothing increases rates of VDD
among them (Hatun et al. 2005; Hovsepian et al. 2011; Mithal et al. 2009). Other factors include
a higher latitude, the winter season, darker skin pigmentation, angle of the sun, and the absence
of vitamin D fortification (Brickley et al. 2014; Holick 2008; Mithal et al. 2009). At the present
time VDD is commonly found in regions like South Asia and the Middle East due to these
factors (Mithal et al. 2009).

A cultural practice which can influence VDD is the extent of breast-feeding and timing of
weaning. The vitamin D status of an infant must be considered with that of their mother as the
maternal status will directly impact the infant through the time in utero and the vehicle of breast
milk (Brickley et al. 2014). Rickets rarely appears prior to the age of 4 months due to fetal
supply and breast-feeding unless the infant’s mother is also vitamin D deficient (Dawodu and
Tsang 2012; Maiyegun et al. 2002). Rickets is common in neonates whose mothers have low
levels of vitamin D, and their sole source of nutrition is breast milk (Mithal et al. 2009).
However, the amount of vitamin D from breastmilk without supplementation is limited (Streym
et al. 2016). Adequate vitamin D concentrations are also necessary during pregnancy for
neonatal calcium homeostasis, bone maturation, and mineralization (Maghbooli et al. 2007).
Neonates who are born to mothers with low vitamin D have a lower cord blood level of vitamin
D and may be at risk for developing rickets (Biale et al. 1979; Kimball et al. 2008). In women
with low vitamin D serum levels, the fetus is unable to gain sufficient vitamin D for a normal
mineralization process in utero (Morley et al. 2006). Additionally, when a mother is vitamin D
deficient in late-term pregnancy, this can lead to a slightly shorter gestation period which could
result in a growth deficit (Morley et al. 2006). VDD can be passed from mother to child during
pregnancy and through breastfeeding once the child is born (Maghbooli et al. 2007; Roberts and
Manchester 2007). In modern-day Iran, it has been found that many pregnant women have VDD
and as such there is also a high prevalence of deficiency amongst their newborns, nine out of ten
newborns in the study had lower than normal vitamin D levels (Maghbooli et al. 2007). It is
possible that there could have been high rates of MBD amongst mothers at Seh Gabi, leading to

notable rates of it amongst the infant remains present.
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Vitamin D is essential in the skeleton (Brickley and Ives 2008b) for the mineralization of
osteoid and cartilage (Roberts and Manchester 2007). Rickets stems from reduced availability of
calcium or phosphates for incorporation into the hydroxyapatite of bone (Jokar et al. 2008). VDD
also disrupts the process of bone formation by causing failed mineralization of osteoid during
linear growth and remodelling as well as appositional growth of cortical bone in a subadult
individual (Pitt 1988, 1995; Schattmann et al. 2016) which leads to lower-than-expected levels of
bone across the skeleton (Priemel et al. 2010). This results in accumulation of unmineralized
osteoid and reduced skeletal rigidity (Brickley et al. 2014; Schattmann et al. 2016). Bone
mineralization during growth and remodelling (Brickley and Mays 2019) stems from the release
of parathyroid hormone which mobilizes calcium stores and in turn triggers phosphorus loss
through urine (Fig. 3.5B, p. 30) (Holick 2006, 2007). It is important to note that once vitamin D
is obtained and levels become normal again skeletal turnover will return to its normal process
and function (D’Ortenzio et al. 2016). With treatment, vitamin D levels take at least eight weeks

to normalize (Bordelon et al. 2009).
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3.2.2.1 Skeletal indicators of VDD.

The pathway of how skeletal changes can occur in rickets is shown in Figure 3.5B (p.

30). Reported early clinical signs of enlarged
epiphyses, beading of the ribs, and thickening of the
frontal bone (Barlow 1883) have the potential to be
seen on archaeological skeletal remains. Rib flaring
at the sternal end (Figure 3.6A), long bone
metaphyseal flaring, general porosity, a thickening of
the long bones, a deep ilium concavity, a deformed
mandibular ramus, and frontal bone bossing may all

be present in the remains of someone who had VDD

(Schattmann et al. 2016). One such indicator is that

Figure 3.6A. Sternal rib flaring and porosity
indicated by arrows (Adapted from

stressors (Brickley and Ives 2008b). VDD leads toa | Schatmannetal. 2016: 70).

bone shape is altered in response to mechanical

Figure 3.6B. Humeral bowing associated
with rickets, with proximal end at right side
of image (Adapted from Schattmann et al.
2016: 70).

softening of the bones, and as such any weight

bearing on long bones will result in bowing, often

bowing outwardly (Brickley and Ives 2008b;
Brickley et al. 2014; D’Ortenzio et al. 2016; Roberts and Manchester 2007) as seen in Figure
3.6B. Given the young age-at-death of most of the Seh Gabi subadults (on average, birth to 1
year), this bowing is not expected to be very common as most of these individuals were not old
enough to move on their own. Additionally, abnormal growth plates have been associated with
active cases of VDD whereas the presence of porosity in the concave curvature of long bones has
been associated with healing cases. In children with rickets, cortical bone is thinner and more
porous whereas there will be sparse trabeculae (Jaffe 1972). Additionally, fractures which are
linked to bone loss can occur in various locations throughout the skeleton because of the changes
in osteoid from VDD (Priemel et al. 2010). Since VDD leads to deteriorated bone structure,
those who lived with VDD are less likely to leave a well-preserved skeleton in the archaeological
record (Brickley et al. 2014).

There are also radiographic features which may be present including metaphyseal
fractures, generalized osteopenia, long bone cortical thinning, metaphyseal trabecular coarsening

(Fig. 3.7A), loss of integrity in sternal rib ends, fraying of epiphyses (Fig. 3.7B), thick cortical
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bone, a sharp cortical outline, and
distinction at the end of a growth plate
(Schattmann et al. 2016). Metaphyseal
trabecular coarsening and thinning are
changes that could be confused with
taphonomic changes. Cupping at
epiphyseal ends of long bones could also
be seen radiographically and is due to the
altered bone modelling process in rickets

(Ozkan 2010b). Another possible

indicator is the presence of interglobular

Figure 3.7A. Radiograph showing metaphyseal trabecular

dentin spaces within teeth (D’Ortenzio et coars.er.ling anq thinning associated with rickets ona femur
and tibia, proximal ends are at the bottom of the image

al. 2016) which requires microscopic (Adapted from Mays et al. 2006: 369).
. o ) Figure 3.7B. Radiograph showing epiphyseal
investigation of teeth. As with any roughening/fraying, indicated by arrows (Adapted from

. . . .. Brickley et al. 2020a: 107).
disease in the archaeological record, it is Y )

important to note that all these features

may not be present based on the timing of the disease relative to growth and development.

3.2.2.2 Archaeological examples of VDD.

Understanding VDD can provide insight into dietary and life practices of groups in the
past. One example comes from a study of 48 subadult individuals from the Saint-Amé collection
from Douai, France which dates to around 450 to 150 cal B.P. (Schattmann et al. 2016). Twelve
of these 48 subadults were determined to have rickets. While the researchers concluded that
rickets is present in this population, the observed indicators were subtle. They suggest that these
children may have been kept inside more, which could have resulted in the presence of rickets.
One possible reason for being indoors more could have been that these children were nursed and
looked after by hired help, or they did not accompany their mothers on errands. Other factors
discussed were clothing choices, a cramped urban environment, and pollution (Schattmann et al.
2016). It was also common at this time for infants to be swaddled which reduces skin exposure to
light (Senoir 1983). All these possibilities would have prevented or diminished the UV exposure

required for the vitamin D metabolism pathway to begin. In this case, the socioeconomic status
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of the individual was not associated with the osseus evidence for rickets, which led researchers to
deduce that external pressures, such as climate, were to blame (Schattmann et al. 2016). This
conclusion was supported by the date range associated with these remains which coincides with

the Little Ice Age, 360—200 cal B.P. (Schattmann et al. 2016).

3.2.3 Comorbidity of VCD & VDD

While discussing Vitamin C and D deficiencies, it should be recognized that these two
metabolic diseases can frequently be present at the same time (comorbid) within one individual.
For example, the Schattmann and colleagues study discussed above found that the 12 rickets
cases were comorbid with scurvy (2016). There are also clinical reports discussing such
comorbidity within one individual (e.g., Barlow 1883; Roy et al. 2020). The interaction between
the two conditions can be inhibitory in that rickets can interrupt the skeletal changes associated
with scurvy and vice versa, depending on time of onset (Schattmann et al. 2016). Scurvy reduces
osteoblastic activity which slows the accumulation of unmineralized osteoid. This may inhibit
some skeletal manifestations of rickets such as the softening and bowing of the arms or legs
(Follis et al. 1940). In their study, Schattmann et al. (2016) suggest that scurvy inhibited rickets,
resulting in subtle rickety changes. On the other hand, rickets can inhibit scurvy. Rickets inhibits
bone mineralization, which in turn will stop the accumulation of calcified bone matrix and the
formation of new bone (Follis et al. 1940; Fouron and Chicoine 1962). In a case of comorbidity,
there may be superficially similar lesions resulting from both rickets and scurvy despite having
different underlying causes (Brickley et al. 2020a). Vitamin deficiencies are important metabolic

bone diseases to be aware of, as their related bony changes can be subtle and concurrent.

There are other metabolic bone diseases which can be unrelated to diet and have been
identified in skeletal remains from antiquity. Moving forward, anaemia, fluorosis, hyperostosis,
and osteogenesis imperfecta will be discussed for this reason. Other metabolic bone diseases
(pellagra, Paget’s disease, osteoporosis and osteopenia, hyperparathyroidism, hypophosphatasia,
osteopetrosis) are not discussed as they are known to be rare in children (Arumugam et al. 2015;
Cleveland Clinic 2024; Genetic and Rare Diseases Information Center; Naveen et al. 2013;

National Institute of Arthritis and Musculoskeletal and Skin Diseases; Walczyk et al. 2011).
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3.3 Anaemia

When an individual has a disease like scurvy or rickets it can make them more
susceptible to living with another nutritional deficiency condition such as anaemia (Reid and
Graham 2024; Tembunde et al. 2022). For example, vitamin C aids in the absorption of iron in
the intestinal tract (Cotran et al. 1999; Fain 2005). Thus, if one is deficient in vitamin C, then
they may also not be absorbing enough iron, possibly resulting in iron deficiency anemia (Fain
2005). It is possible then that if the individuals of Seh Gabi were vulnerable to vitamin C
deficiency that they would have also been susceptible to anaemia.

Anaemia occurs when the number of red blood cells (RBCs) or haemoglobin
concentrations in the body are lower than normal causing oxygen deficiency (Brickley et al.
2020b) which can have many causes. Reduced oxygen levels result in less oxygen being
transported to tissues and when this occurs at a level which is insufficient for physiological need,
results in anaemia (Brickley et al. 2020b). The four root causes are: blood loss, insufficient
production of red blood cells, the destruction of red blood cells (Maakaron et al. 2016), and
inadequate iron (Sullivan 2005). Additionally, anaemia causes a disruption in blood cell
production within the trabecular bone of the skull (the diplée) (Rinaldo et al. 2019) making the

cranial vault bones an important site of observation for signs of anaemia.

3.3.1 Skeletal indicators of anaemia

In archaeological cases, differential diagnosis involving anaemia is usually given as a
general anaemia diagnosis rather than indicating the root cause. There are many potential skeletal
indicators, but individually they are non-specific. Anaemic skeletal lesions are more easily seen
within and on the cranium (Brickley et al. 2020b). Porosity on the orbital roof, labelled as ‘cribra
orbitalia’, is one of the common signs of anaemia (Brickley et al. 2020b; Lewis 2012; Rinaldo et
al. 2019; Schats 2021; Sullivan 2005). Cribra are small holes (pores), of various sizes, which
appear mostly on the orbital roofs and other bones of the cranial vault (Rinaldo et al. 2019).
However, this skeletal indicator is also common in other illnesses such as Vitamin C deficiency
and is associated with all anaemias (Brickley et al. 2020b; Lewis 2012; Rinaldo et al. 2019).
There are some features which separate cribra orbitalia in anaemia from other conditions. Cranial
porous lesions are due to the perforation of external cortical bone via resorption, which is

triggered by marrow expansion in anaemia (Brickley et al. 2020b). Only when there is evidence
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of this marrow hyperplasia, can anaemia be inferred. Additionally, these pores must connect to a

thickened diplo€. There are other indicators within the orbits as well: thinning of trabecular

elements and
cortical bone
(Brickley et al.
2020b). Porosity

) ) o ¥ c
Figure 3.8. Cribrous lesions associated with anaemia. “a” shows cribra orbitalia, “b”
theme with cribra humeri, and “c” cribra femora; 1 cm scale bar (Adapted from Schats 2021: 84).

in general is a

anaemic skeletal lesions. Other key areas of the skeleton which may show porosity are the
cranial vault and the long bones (Brickley et al. 2020b; Lewis 2012; Rinaldo et al. 2019; Sullivan
2005). Cribra orbitalia and other porous lesions on adult remains can be seen in Figure 3.8.
While this thesis is focused on the assessment of subadult remains, this image is a good example
of cribrous lesions. Cribra humeri typically occur on humeral neck while cribra femora typically
occur on the femoral neck (Schats 2021).

Changes within long bones are generally macroscopic rather than microscopic (Brickley
et al. 2020b). For example, there may be thinning of the cortical and trabecular bone within long
bones, which can be seen in radiographs and macroscopically on a cross-section. There can also
be perforations in the cortical bone of vertebrae and a slight expansion of the ribs for those who
lived with anaemia due to marrow hyperplasia (expansion of cells). In sickle cell anaemia (a
genetic form of anaemia) specifically, there may be necrosis of the humeral and/or femoral head
(Brickley et al. 2020b).

Thalassemia, another genetic form of anaemia, results in the non-specific bony changes
seen in other forms of anemia, as well as some unique changes (Lewis 2012). In addition to the
general indicators, there may also be thickening of the sphenoid, maxillae and zygomatics,
obliterated cranial sutures and widening of the interorbital space along with protruding upper
incisors and an overbite. Other skeletal indicators of thalassemia include hypertrophic
metacarpals and phalanges, exaggerated sulci on femora and tibiae, large bony masses on the

ribs, osteopenia, and linear striations on the ribs (Lewis 2012).
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Aside from macroscopic changes, radiological indicators of anaemia include a Hair-on-

end appearance within the cranium, failure of sinus development, thinning of cortical bone and a

reduced number of
trabeculae in both
the vertebrae and
long bones, and
infarcts
(osteonecrosis) in
long bones (Brickley
et al. 2020b;
Sullivan 2005).

Bone infarcts are Figure 3.9. Radiograph of skull with Hair-on-end appearance associated with
thalassaemia (Adapted from Basu and Kumar 2009: 807).

commonly mistaken

as osteomyelitis (Brickley et al. 2020b; Sullivan 2005). Hair-on-end (Fig. 3.9) refers to

appearance of the cranial vault in a cranial radiograph in which there are vertical striations that

look like hairs standing at right angles to the ectocranial surface within the diplo€. In cases of

thalassemia, this radiographic indicator is more pronounced than in other anaemias (Lewis

2012).

There can also be microscopic indicators of general anaemia on the orbital roof. On a

histological section from a porous
orbital roof, anaemia could present
as enlarged marrow spaces, an
opened orbital lamina, and lessened
trabeculae (Wapler et al. 2004) (Fig.
3.10). Without histology or micro-
CT, cribra orbitalia cannot be
concretely designated as being an
anaemic or scorbutic lesion. For it to
be associated with anaemia there

needs to be clear evidence of

A
Figure 3.10. Histological section of cribra orbitalia in anaemia.

[T 1]

a” refers to marrow spaces, “b” to orbital lamina, and “c” to the
remaining trabeculae (Adapted from Wapler et al. 2004: 335).

marrow expansion and intrusion into the diplo€ (Brickley et al. 2020b). With these skeletal signs,
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it is clear when providing a differential diagnosis of anaemia for human remains all possible

indicators should be documented and discussed given their non-specificity.

3.3.2 Archaeological examples of anaemia

A differential diagnosis often provides only a general diagnosis of anaemia. The use of
historical documents can be used to more specifically link anemia to chronic disease, dietary
inadequacy, or inadequate resorption. Distinguishing between conditions based solely on skeletal
evidence may not be possible.

Sullivan (2005) assessed the remains of 147 adults, each with at least one complete orbit,
from the Medieval St. Andrews church cemetery in York, UK (750 to 412 cal B.P.). During its
time of use, the church’s congregation was generally of lower socioeconomic status. Status was
determined via historical records, archaeological information regarding medieval burial
practices, and the original excavation report. As status decreased, the rates of anaemia increased
in this population. Across the social classes in this sample, more women exhibited cribra
orbitalia than men. This may have been due to the high iron-demand of their reproductive
functions, which in turn may have made iron deficiency anaemia (IDA) chronic for women.
Additionally, there was a lack of economic mobility and few employment opportunities available
to the lower classes likely contributed to the lower classes having higher rates of anaemia than
those of upper classes (Sullivan 2005). Having less access to resources would also contribute to
what foods were available to the lower classes, and result in less access to adequate vitamins and
iron. During the Medieval Period, York was known to have a lack of sanitation, and had
cramped, overcrowded dwellings for the poor. Analysis of phosphatic fecal concretions and other
organic materials showed that GI tract parasitic infection was a major problem at this time.
Sullivan (2005) posits that many residents, including those in the upper classes, would have
developed anaemia of chronic disease (ACD) as a defence against parasites and infectious
diseases. ACD is a form of anaemia which stems from the body’s iron-withholding system,
which starves host-dependent microbial invaders of the iron they need to survive. Although
anaemia was present throughout all classes of people, those impacted the most belonged to low
status groups (Sullivan 2005). While this case is focused on adults, it provides insight into how

past dietary practices might have informed life in past lived society. Additionally, if adults were



40

living with anaemia, it is entirely possible that the subadults of this population were also

affected.

3.4 Fluorosis

Fluorosis is not a MBD related to dietary intake of a vitamin, or lack thereof, but rather is
related to the location of an individual’s or group’s water source. Fluorosis is a metabolic bone
disease which stems from chronic exposure to high levels of fluoride (Mehta and Shah 2013;
Nelson et al. 2019; Ozsvath 2009; Perumal et al. 2013). Fluoride is an essential trace element
(Nelson et al. 2019) that is required for the maintenance of good bone and dental health,
however, at chronically high levels it can become detrimental (Farley et al. 1983; Mehta and
Shah 2013; Nelson et al. 2019; Perumal et al. 2013). Fluoride is a naturally occurring element
and can enter the human body through several pathways such as water and food. Some areas in
the world have naturally high levels of fluoride in the ground water including Africa, China, the
Middle East, and southern Asia, such as India and Sri Lanka. Consumption of sources with a low
fluoride concentration (0.8—1.2 mg/L) is necessary for the maintenance of healthy bones and
teeth but chronic exposure to fluoride levels 1.5 mg/L or higher results in fluorosis (Perumal et
al. 2013).

In children close to 80% of orally ingested fluoride is retained because their developing
bones and teeth take up more of the fluoride (Institute of Medicine (US) Standing Committee on
the Scientific Evaluation of Dietary Reference Intakes 1997). Chronic exposure to high levels of
fluoride is detrimental to the skeletal system, bone being the principal site of fluoride
accumulation (Perumal et al. 2013), as fluoride replaces the hydroxyl groups in hydroxyapatite
(Izuora et al. 2011; Nelson et al. 2019). Fluoride stimulates rapid growth of osteoblasts (involved
in both bone modelling and remodelling) which gradually builds up bones by increasing calcium
uptake (Farley et al. 1983). The combination of rapid growth and stimulation of osteoblasts, with
fluoride replacing hydroxyl within hydroxyapatite results in skeletal fragility (Izuora et al. 2011).
Bone and tooth quality decreases and can result in brown staining and pitting on dental enamel
(Gupta et al. 2016). While skeletal fluorosis can occur at any time due to bone turnover occurring
continuously throughout life, dental fluorosis requires over-exposure to fluoride during

childhood when tooth crowns are developing (Aoba and Fejerskov 2002). Other than teeth, the
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areas of the skeleton most impacted by fluorosis are the ribs, spine, and pelvis (Gupta et al. 2016)

which would be preserved in the archaeological record.

3.4.1 Skeletal indicators of fluorosis

As fluorosis directly affects bone maintenance during life and tooth formation during
childhood, there are changes that can be seen post-mortem. For example, if someone had
fluorosis during life then in the archaeological record their teeth may have brown discolouration
and mottled enamel (Yoshimura et al. 2006) (Fig. 3.11). Hypomineralization of teeth, like that in
fluorosis, can be distinguished from taphonomic change via x-ray fluorescence (Garot et al.
2017). Compared to normal enamel, such as that of teeth exposed to taphonomic processes which

change colouration, hypomineralized enamel has a decreased mineral density and increased

phosphate/p-carbonate ratio (Garot et al. 2017).
Depending on the stage of lived fluorosis, the teeth
may be a better starting indicator as dental
fluorosis precedes skeletal fluorosis (Perumal et al.
2013). In terms of the skeleton itself there are a

few systemic changes to look for: periosteal

thickening, calcified ligaments and tendons, and

Figure 3.11. Dental fluorosis, arrowheads

bony exostoses at ligamentous and tendon bone indicate the enamel discolouration (Adapted
Sellami et al. 2020: 347).

attachment sites (Resnick and Niwayama 1983).

Radiographic indicators of fluorosis include osteosclerosis (increased bone density), and
osteopenia (Boillat et al. 1980; Gupta et al. 2016; Mithal et al. 1993). Osteosclerosis and
osteopenia are opposite effects and do not present within the same individual at the same time.
Those who demonstrate osteopenia have a lower dietary intake of calcium than patients who
showcase osteosclerosis (Mithal et al. 1993). Specifically, osteosclerosis in fluorosis patients is
located on the knees, wrists, pelvis, and vertebral column (Gupta et al. 2016). Osteopenia is
widespread throughout the skeleton but more pronounced in the limbs (Mithal et al. 1993).
Another radiological indicator is the thickening of trabecular bone, at the distal and proximal
ends of long bones (Mithal et al. 1993). These radiographic indicators would be visible on

skeletal remains as well.
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3.4.2 Archaeological examples of fluorosis

Several archaeological studies demonstrate what this means in practice. For example, a
case from the site of Herculaneum, near Mount Vesuvius, demonstrates evidence of fluorosis
(Petrone et al. 2011). In the study population 73.5% exhibited diffuse osteosclerosis in both the
axial and appendicular skeleton. Increased cortical and trabecular thickness, as well as bony
exostoses along the periosteum were observed. Elements of dental change were also observed.
Of the study population 96.1% had linear enamel hypoplasia (LEH), a non-specific indicator of
stress on teeth which appears as horizontal grooves, as well as there was mottling, pitting, and
staining of tooth enamel. The pathological changes were described as endemic since both adults
and subadults were equally affected. It is important to note that fluorosis can be a major problem
in volcanic areas, and given Herculaneum’s proximity to an active volcano, the presence of
fluorosis in this population is not entirely surprising. Due to both the skeletal indicators and
environmental information, a high prevalence of fluorosis was suggested (Petrone et al. 2011). In
this case, knowing that in volcanic areas, fluorosis can be a problem provides context for the
non-specific skeletal changes observed.

A study by Nelson and colleagues (2019) examined a set of individuals from the Ray site
in Illinois, dated to the Middle Woodland period (2000 to 1550 cal B.P.). The human remains
were uncovered from a series of pit burials, grouped in four clusters which extended across a
ridge above a flood plain (Nelson et al. 2019). Eight individuals were found to demonstrate
pathological changes: osteosclerosis, high frequency of fractures, and dental abnormalities. The
axial skeletons of these individuals displayed excessive abnormal bone formation more often
than their appendicular skeletons. A diagnosis of fluorosis was corroborated by considering the
environment in which the remains were recovered. There is a naturally high level of fluoride in
both the soil and water in Illinois which put people at risk for excessive consumption and
exposure to fluoride, leading to fluorosis, in both modern and past populations (Nelson et al.
2019). Having the required knowledge of environmental factors which may lead to pathology
provides both a possible basis and direction for a differential diagnosis.

Seh Gabi, Iran, is located in a part of the world in which high levels of fluoride are
known to occur (Perumal et al. 2013). This environmental context information is valuable for a

differential diagnosis if any of these skeletal changes are noted within the population.
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3.5 Hyperostosis

Although hyperostosis is unrelated to diet and environment, hyperostosis has been
identified in the archaeological record. Hyperostosis refers to a variety of conditions in which
there is a thickening of the endosteal surface of bones (Brickley and Ives 2008a; She and Szakacs
2004; Stiene and Frank 2002; Szeniczey et al. 2019). The main types of hyperostosis are internal
frontal hyperostosis (HFI), leontiasis ossea, and infantile cortical hyperostosis (Caffey’s disease)
(Brickley and Ives 2008a; Stiene and Frank 2002; Szeniczey et al. 2019).

Caffey’s disease and HFI have been identified in the archaeological record far more
frequently than leontiasis ossea (Brickley and Ives 2008a; Stiene and Frank 2002; Szeniczey et
al. 2019). As such, they will be the main focus of this discussion. Caffey’s disease is
characterized by acute inflammation of the surrounding soft tissues coupled with a localized
thickening of the underlying bone cortex (Nistala et al. 2014). It is an inflammatory disease
which begins in early infancy and characterized by cortical growth in multiple skeletal elements.
Majority of the individuals associated with Seh Gabi are aged to about birth to 1 year old, thus it
is possible this is a type of metabolic bone disease which could be seen. The lesions associated
are often asymmetric and may occur on the cranium, mandible, tibiae, ulnae, clavicles, scapulae,
ribs, humeri, femora, fibulae, ilium, and metatarsals (Kamoun-Goldrat and le Merrer 2008;
Nistala et al. 2014). In HFI the frontal bones’ internal tables thicken (Glab et al. 2006). Given

that hyperostosis directly impacts skeletal elements, it can be visible in the archaeological record.
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3.5.1 Skeletal indicators of hyperostosis

There are a few skeletal indicators of hyperostosis which can be seen in the
archaeological record. A primary indicator is an increased thickness of cortical bone beyond that
which is normal or expected (Kamoun-Goldrat and le Merrer 2008). Overall, there may be an

increased weight to the bones as well

(Allison et al. 1976). Osteal bulges may
also be observed (Glab et al. 2006) which
are bumps on the endocranial surface of the
cranium (Anton 1997; Glab et al. 2006).
One of the key features of HFI is the
irregular thickening of the endocranial

surface of the frontal bone whereas the

external surface looks normal (She and 8.5 "‘ﬁ ‘r i ’q;.. :

Szakacs 2004). This thickening is due to an igur 3.12. Endocranial surface of anterior frontal bone

. . .- with irregular thickening associated with hyperostosis
increase in trabecular bone deposition. The (Adapted from She and Szakacs 2004: 207).

thickening may be bilaterally symmetrical
and will be made up of multiple smooth bony ridges with nodules protruding from the inner
surface (Fig. 3.12). Histological reports of this feature will show an overall thickening of the
trabecular bone (She and Szakacs 2004).

In Caffey’s disease, there are other indicators including irregular and excessive
subperiosteal new bone formation which is most commonly found on the ribs and facial bones
(Buckley 2000). These subperiosteal changes themselves are not distinguishable from other
disorders which cause subperiosteal new bone formation, but in Caffey’s disease, the mandible is

almost always involved (Buckley 2000).

3.5.2 Archaeological examples of hyperostosis

The remains of two female skeletons from a 450 to 350 cal B.P. Dominican Church in
southwest Poland were assessed (Glab et al. 2006). It was determined they had HFI due to the
hypertrophic changes in the inner lamina of the frontal bone and bulges on both skulls which

formed radial elevations which ran symmetrically away from the frontal crest (Glab et al. 2006).
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These findings align with the archaeological indicators discussed above, and as such, the

researchers determined the most appropriate diagnosis to be HFI (Glab et al. 2006).

3.6 Osteogenesis Imperfecta

Osteogenesis imperfecta (OI) is another metabolic bone disease which is unrelated to
environment and diet. The term “osteogenesis imperfecta” refers to a heterogenous group of
genetic disorders which are the result of type 1 collagen defects (Tournis and Dede 2018; Van
Dijk and Sillence 2014; Wadanamby et al. 2022). OI encompasses a group of connective tissue
disorders (Van Dijk and Sillence 2014). In most cases, 85-90%, Ol is inherited through an
autosomal dominant pathway and is caused by mutations in the COL1A1 and COL1A2 genes
leading to defects in type 1 collagen (Tournis and Dede 2018). In general, Ol increases a
person’s risk of fractures and bone deformities throughout their lifespan (Patel et al. 2015; Van
Dijk and Sillence 2014). There are different types of OI: Type I Ol is less severe, type Il is lethal
perinatally or shortly after birth, type III is the most severe form in which a person can survive,
and type IV reflects intermediate severity (Tournis and Dede 2018). Type II may present as a
stillbirth, or several fractures and deformities shortly after birth. In type III, the disease leads to
extreme morbidity, disability, and mortality. In the mildest forms, fractures tend to decrease in
number during adulthood but may re-emerge during a post-partum period or with menopause
(Tournis and Dede 2018). Associated skeletal deformities include the bowing of long bones,
kyphoscoliosis (a curved spine which can result in thoracic cage deformity), acetabular

protrusion, and chest wall deformities such as a barrel chest (Forlino and Marini 2016).



3.6.1 Skeletal indicators of OI

There are some key features that palacopathologists look
for to provide a diagnosis of OI. Radiologically, a “zebra stripe”
(Fig. 3.13) may be visible on the metaphyses of long bones,
which refers to alternating light and dark bands (Tournis and
Dede 2018). Harris lines may show up on a radiograph similarly
as transverse bands (Chakraborty et al. 2017). Given this, it is
difficult to distinguish between the zebra stripe sign and Harris
lines, and one should not rely solely on radiographic signs.

One skeletal indicator that may be present is that of
osteoporosis as it develops in most OI patients (Van Dijk and
Sillence 2014). The presence of only osteoporotic lesions in a
skeleton would not be enough for an OI diagnosis; rather other
indicators would also need to be present to support it.

Additionally, it is common for the long bones to show evidence

of anterior bowing (Fig. 3.14) (Gray 1970; Spranger et al. 2002) and may be accompanied by

cortical thickening (Gray 1970). To distinguish from other
diseases which may cause anterior bowing, like syphilis, the
skeleton as a whole and radiographs must be considered
(Rothschild and Rothschild 1997). Evidence of fractures could be
present (Gray 1970; Lewis 2019; Spranger et al. 2002; Tournis
and Dede 2018; Van Dijk and Sillence 2014). Other possible
indicators would be an overall lightness and fragility to the
bones, an expanded cranial vault, and elongated orbits (Gray
1970). A narrowing of long bone diaphyses, in comparison to
their length, is also possible (Ortner 2003). Histologically,
minimal osteon remodelling for a person with OI could be

present (Ortner 2003).
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Figure 3.13. The zebra stripe
sign as indicated by arrows,
bilateral (Adapted from
Tournis and Dede 2018: 31).

Figure 3.14. Bowing of long
bones associated with OI
(Adapted from Cope and
Dupras 2011: 193).
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3.6.2 Archaeological examples of Ol

There have been several documented archaeological cases of OI. One such case is a fetal
skeleton from the Dakleh Oasis, Egypt, associated with the Romano-Byzantine period and
thought to date to 1900—1500 cal B.P. (Cope and Dupras 2011). The remains have been given an
age estimate of 38 weeks in utero (Cope and Dupras 2011). This individual’s bone was very
brittle and light beige in colour which differed from the appearance for other fetal skeletons
found at the site. This individual also had an exaggerated anterolateral curvature to their long
bones, except for the humeri which were bent posterolaterally. Aside from bowing, this
individual had a barrel-shaped rib cage which resulted from abnormally curved thin ribs. There
were also fractures present in the remains, although the authors state that it is not possible to
determine the timing of these due to the condition of the remains. Metaphyseal cortical
development was compromised as the metaphyseal surfaces were uneven. With all these features
in mind, especially the bowing and brittleness of the bone, the researchers determined OI to be
the most appropriate differential diagnosis (Cope and Dupras 2011). Additionally, there are other
potential cases of OI at this site (Sheldrick 1980), which may provide insight into the health of
the community. While this case occurs later in the archaeological record than the occupation of
Seh Gabi, it does demonstrate that OI did occur in antiquity and is a MBD that should be

considered in a differential diagnosis.

3.7 Context in Differential Diagnosis

Between these different metabolic bone diseases, there is overlap of skeletal indicators
which may be seen in the archaeological record. A table representing all the skeletal indicators of
each metabolic bone disease is located below (Table 3.1). A second table representing all the
radiographic indicators is located below (Table 3.2). With an appreciation for this overlap, there
can be better possible diagnoses given. All skeletal elements present, and their associated lesions
must be considered. If an individual has a lesion which is associated with multiple diseases, it is
important to consider what the other lesions present on remains are associated with. As well,
archaeological, historical, climatic, geographical, and cultural information must also be taken
into consideration for disease applicability. This approach should then be matched with the most
plausible, and most comparable disease description(s). It is not always possible to narrow it

down to a singular disease as the cause but rather multiple possibilities whether that be due to
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atypical presentation, non-specific lesions, or other reasons. Potential diseases are then listed in
order of greatest likelihood for consideration. A thorough differential diagnosis will lead to a
better overall understanding of past people’s lives, estimating population health, and other
archaeological parameters and questions. This could include ideas around origins of agriculture,
subsistence strategies, warfare, trade, and climate change. While we will never have a complete
and full picture of the past, this approach takes us one step closer. Given this, the possible
cultural contexts in Iran will be discussed to provide context for the skeletal lesions which may

be observed within the Seh Gabi sample.



Table 3.1. Macroscopic Skeletal Indicators of Each Metabolic Bone Disease.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (0)
General o Irregular & o  General porosity o  Porosity o  Diffuse osteosclerosis of Increased weight of o  Lightness/fragility to
Skeleton spongy new o Abnormal growth o  Osteopenia (Thal.) the appendicular & axial bones bones
bone plates o Large bony masses skeleton Increased thickness of o  Fractures
formation (Thal.) o Increased cortical & cortical bone o  Osteoporosis
trabecular thickness A lot of subperiosteal
o  Periosteal thickening new bone formation
o  Calcified ligaments,
tendons, cartilage, & inter-
osseous membrane-s
o  Bony exostoses at ligament
& muscle attachment zones
Orbits o  Cribra o  Orbital roof o Cribra orbitalia o  Elongated orbits
orbitalia porosity o Thinning of
o  Porosity trabecular & cortical
bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: - Frontal bone - Cranial vault porosity A lot of subperiosteal - Expanded cranial vault
- the greater bossing - Thickening of the new bone formation,
sphenoid wing | - Deformed sphenoid, maxillae, & most commonly on
- cranial bones mandibular ramus zygomatics (Thal.) facial bones (Caffey’s)
- facial bones - Obliterated sutures in Osteal bulges
- palate the cranium (Thal.) Irregular thickening of
- basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition - Protruding upper - Linear enamel hypoplasia - Dentinogenesis
incisors & overbite - Brown, dis-coloured teeth, imperfecta
(Thal.) & mottled enamel
Vertebral - Perforations in the
Column cortical bone of
vertebrae
Thorax - Rib flaring - Slight expansion of A lot of subperiosteal

the ribs

Perforated cortical
bone in ribs (Thal.)
Linear striations on
the ribs (Thal.)

new bone formation,
most commonly on
ribs




50

Scurvy Rickets Anaemia Fluorosis Hyperostosis (0)
Arms Porosity on: Porosity in concave Long bone porosity Long bone bowing with
- the scapulae curvature of long Thinning of cortical thickening
- metaphyses of bones trabecular & cortical Narrowing of long bone
long bones Long bone bone diaphyses in comparison
thickening & Perforated cortical to their length
bowing bone in long bones
Long bone (Thal.)
metaphyseal Necrosis of the
flaring humeral head (SCA)
Hands
Pelvis Ilium concavity
Legs Porosity on: Porosity in concave Long bone porosity Long bone bowing with
- Metaphyses of curvature of long Thinning of cortical thickening
long bones bones trabecular & cortical Narrowing of long bone
Long bone bone diaphyses in comparison
thickening & Perforated cortical to their length
bowing bone in long bones
Long bone (Thal.)
metaphyseal Exaggerated sulci on
flaring femora & tibiae
(Thal.)
Necrosis of the
femoral head (SCA)
Feet Hyper-trophic meta-

carpals & phalanges
(Thal.)




Table 3.2. Radiographic Indicators of Each Metabolic Bone Disease.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (0) 4
General Skeleton Generalized Generalized Thinning of
osteopenia osteopenia cortical bone
Thick cortex
Sharp cortical
outline
Cranium Hair-on-end
appearance
cranium
Undeveloped
sinuses
Dentition

Vertebral Column

Reduced number of
trabeculae in

vertebrae
Thorax Loss of integrity in
sternal rib ends
Arms Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of
epiphyses
Distinction at the
end of the
epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of bones
Fraenkel epiphyses
Wimberger’s ring Distinction at the
Pelkan’s spurs end of the
epiphysis

Feet
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3.8 Epidemiology in Modern Iran

Epidemiology is the study of the distribution of diseases, as well as the determinants of
health within a given population (Public Health Ontario 2022). When it comes to vitamin C
deficiency, or scurvy, in modern Iran, there is not enough research published in European
languages to have a complete picture of the epidemiology. However, using literature on scurvy in
the neighbouring nations of Afghanistan and Pakistan as well as studies of nutrition and diet, an
approximation can be made. Afghanistan and Pakistan are used as a proxy since these countries
have mountainous regions which have the same altitude and climate as Iran, as well as
encompassing the collision site of the Arabian/Indian plates with the Eurasian plate, as Iran does.
The arid landscape in these countries is similar to that of Iran (Hole 2007). Eastern Turkey is also
similar geographically and climatically (Hole 2007), but the published literature reflects case
studies rather than population assessments (Bursalli et al. 2009; Kii¢iikaydin et al. 2018). Scurvy
outbreaks often occur in Afghanistan (Assefa et al. 2001; Bagchi 2008; Cheung et al. 2003). For
example, there was an epidemic of scurvy in the mountainous regions of Afghanistan which may
be related to a typical Afghan diet which is mostly bread (Cheung et al. 2003). In these
mountainous regions there is little to no consumption of fruits and vegetables during the winter,
which is related to reduced produce availability. Food insecurity (Cheung et al. 2003) and acute
malnutrition (Assefa et al. 2001) are also factors in Afghanistan. In Pakistan people are also
susceptible to malnutrition and scurvy due to seasonality, the increasing temperatures associated
with climate change, and poverty (Bagchi 2008; Malik et al. 2012). These factors combined with
the elevated risk of scurvy in developing countries (Cheah et al. 2020), and the high prevalence
of malnutrition in Iran (Motedayen et al. 2019; Sarraf et al. 2005), suggests that modern Iranians
are very likely at risk of scurvy.

However, the context of the modern Iranian diet must also be taken into consideration. A
limited diet breadth contributes to the development of scurvy (Hahn et al. 2019), and Iran has a
history of famine and food scarcity (Afkhami 2019; Kazemi 2016). Fresh and frugal were words
that symbolized the meaning of food in traditional Iranian society (Matthee 2016). However,
after 1970 in the more urban areas there was a switch in dietary practices to mirror that of the
United States of America — large amounts of white rice, meats, sugar, with few vegetables and
fruits being consumed (Floor 2021). But it is important to note that there are regional differences

in diet (Floor 2021). Diet in more rural areas is more basic (Matthee 2016), containing sufficient
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calories but lacking in protein and vitamins (Floor 2021). This suggests that if the diet is lacking
in protein and vitamins scurvy could very well be present in populations within Iran, particularly
in rural areas, such as the Kangavar Valley where Seh Gabi is located. Fruit and vegetable
consumption appears to be more seasonal as the lowest levels of vitamin C intake occur during
autumn (Toorang et al. 2013). This holds true especially in the mountainous and rural areas.
Higher amounts of citrus were consumed in the winter, causing a higher level of vitamin C
intake in the winter than in the fall (Toorang et al. 2013). This aligns with the Iranian citrus
harvest occurring throughout the months of October to February (IFP Editorial Staff 2021).
Additionally, there is a high level of consumption of vegetables during the summer while this is
low during the winter (Toorang et al. 2013). Both canned fruit and vegetables are consumed
throughout the year, but both at the lowest rate during the winter. Canned produce would not
have been available to populations in the past (Toorang et al. 2013). For example, the diet of the
Qashq’ai, a group in a rural area of the Fars province, varies substantially with seasonal
availability of food (Sarraf et al. 2005). During the winter, the Qashq’ai rely on grains and beans
as their dietary staples with minimal fruit, meat, and dairy supplementation (Sarraf et al. 2005).
In modern-day Iran, there is seasonality to diet which may differ to the seasonality seen
in the past due to globalization and an increased likelihood of having access to fresh fruit and
vegetables in the cold months. Seh Gabi is located in the Kermanshah province, which
neighbours the Fars province mentioned above, which may have had similar patterns to this
modern rural group due to geographical similarities of the areas. With the factors of local rural
differences in diet, seasonal variability of diet, composition of modern diet, and scurvy being a
problem in geographically related countries, the inference that scurvy may be a problem in
modern Iran is entirely reasonable. This suggests the people of the Central Zagros could also

have been at risk for development of scurvy as early as the Late Neolithic and Early Chalcolithic.

Vitamin D deficiency (VDD) is a common medical condition (Hovsepian et al. 2011) that
has been estimated to afflict more than 1 billion people worldwide (Amrein et al. 2020;
Hochberg and Hochberg 2019; Robinowitz 2009; World Medical Association 2017). Contrary to
popular belief, rickets was widespread at least 2000 years before the Industrial Revolution (Mays
et al. 2018). The highest levels of VDD are reported in some of the sunniest places, like South
Asia and the Middle East (Mithal et al. 2009) and in the associated countries of Afghanistan,
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Pakistan, and Turkey, VDD is a known problem (Majeed et al. 2007; Manaseki-Holland et al.
2008; Pettifor 2008; Ozkan et al. 2009; Ozkan 2010a, 2010b; Thacher et al. 2006). Rickets due to
VDD is also a common disorder in Iran (Jokar et al. 2008; Mithal et al. 2009; Vatandost et al.
2018), even in sunny regions (Hovsepian et al. 2011). The prevalence of VDD is especially high
amongst women and children (Badfar et al. 2017; Hovsepian et al. 2011; Jazayeri et al. 2018) as
they tend to spend much more time indoors than men do in Middle Eastern cultural groups
(Baroncelli et al. 2008; Jokar et al. 2008; Kazemi et al. 2009). Reasons for this may be directly
related to cultural practices that limit exposure to UVB radiation, such as wearing concealing
clothing (Hatun et al. 2005) and sun avoidance in hotter climates (Mithal et al. 2009). For
example, women who wear a veil for cultural or religious reasons have lower levels of vitamin D
and a higher prevalence of VDD (El-Hajj Fuleihan et al. 2006; Mithal et al. 2009). In modern-
day Iran, long sleeves and a veil are required by law for women (Hovsepian et al. 2011). While
there may be regional differences, the limiting of outdoor activities for women and girls no doubt
contributes to this trend (Mithal et al. 2009). As we do not have information about clothing
customs and cultural practices regarding time spent indoors in the Late Neolithic and Early
Chalcolithic, this cannot be directly tied to the Seh Gabi population.

The practice of prolonged breast-feeding without vitamin D supplementation in the
Middle East is likely another contributing factor (Baroncelli et al. 2008). These factors are
echoed in Afghanistan, Pakistan, and Turkey (Dawodu et al. 2003; Majeed et al. 2007,
Manaseki-Holland et al. 2008; Ozkan et al. 2009; Ozkan 2010a). The consumption of food
sources which contain vitamin D, like egg yolks, and fatty fish in Iranian women and children is
low (Delavari et al. 2009). The pooled prevalence of VDD in Iranian children is estimated to be
60.1% (Tabrizi et al. 2018), and up to 70% of adolescent girls in Iran (Moussavi et al. 2005). It
was also found through a meta-analysis of published studies that 56.4% of under 20-year-olds in
Iran had VDD (Vatandost et al. 2018).

Time of onset of VDD varies with the season. Spring has been found to be the most
common time for onset of VDD whereas fall was the least common (Jokar et al. 2008) and in the
summer, acute malnutrition or wasting in young children is the greatest (Rabiee and Geissler
1992). Most women who worked in agricultural settings ceased breast-feeding during the spring
and summer because of their high workload, which along with high market prices, caused

children to receive diluted milk (Rabiee and Geissler 1992). As indicated above, a child’s
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vitamin D status is directly related to quality of their mothers’ milk and other kinds of milk they
may receive. Additionally, if these children’s diets were being supplemented with cereals, the
phytic acid within those cereals could lessen calcium absorption (Jokar et al. 2008), thus further
contributing to the possibility of VDD. It should be noted that different cereals contain different
levels of phytic acid (Hidvégi and Lasztity 2002), so different cereal types could have differing
impacts on calcium absorption. Rickets is also common amongst the children of families with
low socioeconomic status (SES), especially in villages (Amirhakimi 1973). While related to SES
and the ability to provide vitamin D rich foods, infants are traditionally kept out of the sunlight
(Amirhakimi 1973). However, VDD does not just impact the children of rural settings but also
those within an urban context. In cities like Tehran, rickets is a common disease amongst
children (Salimpour 1975). In this study most of the children were undernourished, as well as
living in homes which were high-walled and did not have a lot of sunlight (Salimpour 1975). The
buildings at Seh Gabi did not have any windows (Hamlin 1973, 1974), and as such perhaps this
pattern of VDD susceptibility may also be visible in the past.

Geographic and climatic factors can also influence the likelihood and occurrence of
VDD. For example, the latitude of geographical location will affect the zenith angle of the sun,
and as such the amount of ultraviolet B (UVB) radiation which is able to penetrate the ozone
layer and reach the earth (Holick 2008; Mithal et al. 2009). Hence, people living closer to the
equator will be exposed to more UVB radiation on an annual basis (Holick 2008; Mithal et al.
2009). As such, the reverse can also be inferred. The amount of cloud cover and altitude will also
impact the amount of UVB radiation available (Brickley et al. 2014). Increases in altitude result
in increases of UV radiation (Blumthaler et al. 1997). Seh Gabi is located at a higher altitude
within the Zagros Mountains, so it is possible that at the time of occupation the amount of UVB
radiation received by inhabitants was higher than those living at a lower altitude, thus possibly
receiving more exposure to sunlight for vitamin D production at Seh Gabi.

Additionally, the amount of calcium and phosphorus which are bioavailable to
individuals also plays a role. Adequate levels of both minerals are needed to prevent metabolic
bone disease and to allow for the interactions between vitamin D, phosphorus, and calcium (Lips
2012). Diarrhea is common amongst the children of Tehran, which may impair calcium
absorption, furthering the problem of vitamin D deficiency (Salimpour 1975). Vitamin D

deficiency is common in modern Iran for a variety of reasons, including those of cultural basis.
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It is also possible that VCD and VDD can be comorbid (Barlow 1883; Schattmann et al. 2016)
but literature discussing the epidemiology of comorbidity in Iran was not found to be sufficient
to make a statement. However, it has been shown in bioarchaeology studies (e.g., Schattmann et
al. 2016) and clinical literature (e.g., Barlow 1883) that comorbidity is possible (Fig. 3.15). For
example, in child
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children had Figure 3.15. Pathway of how comorbidity may develop (Adapted from Brickley et al.

2020a: 45).

rickets and

12.3% of those children with rickets also had scurvy (Ives 2018).

3.9 Conclusion

This detailed examination of VCD and VDD, and their influencing factors, along with
anaemia, fluorosis, hyperostosis, and osteogenesis imperfecta will play a key role in the
understanding of any lesions present within the Seh Gabi skeletal sample. Each of these diseases
are included due to the archaeological context of Seh Gabi. Additionally, it is possible that the
location of Seh Gabi and its cultural practices could have contributed to the presence of vitamin
deficiencies, if any are present. The discussion of anaemia, fluorosis, hyperostosis, and
osteogenesis imperfecta will also inform understanding any lesions within this skeletal sample as

these diseases have been seen in juvenile populations in antiquity.
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Chapter 4: Materials & Methods

4.1 Materials

Thirty-two non-adult skeletons excavated from the site of Seh Gabi and were analyzed
for this thesis. Each burial had previously been assigned a number and have been assessed
according to that number. Every individual has an associated burial sheet, skeletal inventory, and
in most cases, radiographs.

All analyses, as indicated in this thesis, were completed at Lakehead University, Thunder
Bay Campus. All photography of skeletal elements and radiographs was completed using a

Canon EOS Rebel T2i camera. Radiographs were placed on a light box for photography.

4.2 Age Estimation

The age ranges for individuals in this population were primarily based on dental
development and eruption. Table 4.1, below on p. 5960, gives the age ranges for individuals
included. Dental development and eruption was the preferred method of age estimation as it is
less susceptible to environmental pressures on growth than other skeletal areas (Conceigdo and
Cardoso 2011; Office of the Surgeon General 2004). The Atlas of Human Tooth Development
and Eruption (AlQahtani et al. 2010) was used in conjunction with raw observational data
(Merrett 2006) for dental ages, both of which are based on the Moorrees et al. (1963) criteria.
Cross-striation ages (which should be considered a minimum age estimate, Merrett 2018), where
available, are noted within the table.

If raw dental observational data were not available, then a skeletal age range was used, as
indicated in the notes within the table. This skeletal age range was based upon cranial
development first, if data were available. Where applicable, specific cranial elements used for the
age range are identified within the notes column of Table 4.1. The cranial development age
ranges presented within this thesis were based upon Merrett’s raw observational data (2006) and
the descriptions of cranial development and associated ages within Schaefer, Black and
Scheuer’s (2009) Field Manual. The ages identified within the Field Manual (2009) and their
associated stages of cranial development are based on several primary sources (Fazekas and
Koésa 1978; Madeline and Elster 1995; Molleson and Cox 1993; Redfield 1970; Tillman and
Lorenz 1978).
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When neither dental or cranial development data were available, an age range based on
long bone length or girdle size raw observational data (Merrett 2006) was completed. The
equations for long bone ages were taken from Scheuer and Black (2000 p. 288, 297, 307, 394,
415), adapted from Scheuer et al. (1980). Girdle size ages were also taken from Scheuer and
Black (2000 p. 271, 373), adapted from Fazekas and Kosa (1978).

While the majority of individuals have an age estimation of under one year old, there are
two children (SG29 [2.5 to 5.5 years old] and SG30 [3.5 to 7.5 years old]) and one adolescent
individual (SG32 [16.5 to 18.5 years old]). Additionally, SG31 was comprised of one skeletal

element (a clavicle), and no age estimate was possible.
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Table 4.1. Age Estimates for Seh Gabi Subadults.

Individual Age Note

SG1 1.5 to 10.5 mo A cross-striation age of 13.5 wks post-partum was
available for this individual ?, which falls within the age
range presented in this table.

SG2 3 to 6 mo Based on long bone lengths ® ¢ (left humerus, radius,
ulna, tibia, fibula, and right femur ©). Pectoral girdle size
provides a broader age estimate of 4 to 9 mo © ¢ (left
ilium width and length °©).

SG3 1.5to 4.5 mo

SG4 1.5t0 3.5 yrs A cross-striation of 71 wks post-partum was available for
this individual ®, which falls within the younger end of
the age range presented in this table.

SG5 32 to 36 wks in utero Both long bone length ™! (right radius, right ulna, and
left humerus were present and measured ©) and pelvic
girdle sizeJ (ilium present and measured °) indicate this
age range.

SGé 38 wks in utero to 1.5 mo

SG7 38 wks in utero to 4.5 mo A cross-striation age of 14.5 wks post-partum was
available for this individual ?, which falls within the age
range presented within this table.

SG8 1.5to 7.5 mo

SGY Birth to 4.5 mo A cross-striation age of 21 wks post-partum was
available for this individual ?, which falls within the age
range presented within this table.

SG10 1.5to 7.5 mo

SG11 1.5to 7.5 mo A cross-striation age of 15 wks post-partum was
available for this individual ?, which falls within the age
range presented within this table.

SG12 1.5to 7.5 mo

SG13 4.5 mo £3 mo

SG14 4.5to0 7.5 mo

SG15 4.5to 7.5 mo A cross-striation age of 23 wks post-partum was
available for this individual ?, which falls within the age
range presented within this table.
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Individual Age Note

SG16 4.5to 10.5 mo A cross-striation age of 25 wks post-partum was
available for this individual ?, which falls within the age
range presented within this table.

SG17 10 to 12 mo Based on pelvic girdle size ©&J. This individual’s ilium
was present and length was measured .

SG18 30 to 36 wks in utero Both long bone length ® (right humerus length and width
¢) and pectoral girdle size ¥ (right scapular length and
width 9) indicate this age range.

SG19 1 to 9 mo Based on cranial development ' (foramen ovale, body to
the lesser wings of sphenoid, greater wings to the body
of the sphenoid, petromastoid to squamotympanic of the
temporal, all occipital features mentioned, metopic
suture, and mandibular symphysis were assessed ©).

SG20 34 wks in utero to birth

SG21 38 wks in utero to 1.5 mo A cross-striation age of 12 wks post-partum was
available for this individual ?, which falls outside the age
range presented within this table.

SG22 38 wks in utero to 4.5 mo

SG23 34 wks in utero to 4.5 mo

SG24 38 to 43 wks Based on long bone length equations " (right ulna and
right radius present and measured ).

SG25 4.5 to 7.5 mo

SG26 4.5t0 10.5 mo

SG27 4.5 to 7.5 mo

SG28 7.5 mo to 1.5 yrs

Table 4.1 Legend

mo = months

yIs = years

2 Merrett 2018

b Scheuer and Black 2000:289
¢ Scheuer and Black 2000:307
4 Scheuer and Black 2000:298, 394, 415, 426
¢ Merrett 2006

fMolleson and Cox 1993

g Schaefer et al. 2009

" Scheuer and Black 2000:297
i Scheuer and Black 2000:288
i Scheuer and Black 2000:373
K Scheuer and Black 2000:270
!'Schaefer et al. 2009:353.
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4.3 Macroscopic Analysis

All available elements for each individual were assessed macroscopically for any
possible lesions. A lesion is an area on the bone that demonstrates appearance beyond the range
of normal. Potential lesions were compared to other individuals within the sample to check
whether the morphology seen were normal or pathological. Comparisons were also made to
published material on the normal development of subadult skeletons (e.g., Scheuer and Black
2000). For example, the presence of subperiosteal new bone formation (SPNB) and porosity that
were beyond expectations for normative morphology would be considered a lesion. Possible
lesions were then examined under a Wolfe 906187 dissecting microscope at a magnification of
40x. Based on the morphology of a lesion’s edges and comparison with others in the population,
a decision was made regarding whether the lesion was active or not. To be considered active, the
lesion would need to have bony appearance which was not finished remodelling (DeWitte 2014).
The lesion was recorded in an observation chart that reflected the skeletal area and individual
(Appendix A, Table A.1.). If radiographs were available, they were assessed for radiological
signs that could indicate possible metabolic bone disease (see Chapter 3, p. 51). From these
observations, in conjunction with pertinent contextual information (e.g., geographic location and
diet), possible causes of the lesions were considered.

A pathology table for each person which compared all the possible lesions associated
with possible metabolic bone diseases was completed; a blank version of this pathology table is
provided as Table 3.1 in Chapter 3 (p. 49-50). The completed table for each person is provided
in Appendix B, along with a brief description of any lesions and the possible metabolic bone
diseases that may be associated with them. The number of lesions an individual exhibited and the
pattern of their distribution of the lesions were considered in the differential diagnosis (see
Chapter 3, p. 21-22). The closer the fit to what is known to present in a particular disease

process was taken as stronger evidence for the final diagnosis.

4.4 Statistical Analyses
Prevalence for lesions are based on the number of individuals who demonstrate a lesion
divided by the number of individuals who had that skeletal element present (given in Chapter 5).

The individuals were arranged in two age groups: under the age of six months, and over the age
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of six months. Given that age estimates are a range, the midpoint of the range was taken for each
individual for the purposes of these groupings. Under the age of six months, lesions seen in an
infant are more likely to be tied to a mother’s nutritional status while they were pregnant,
whereas over the age of six months, lesions are more likely to have developed after birth and be
tied directly to the infant’s diet and health (Algahtani 2010; Brickley and Mays 2019; Brickley et
al. 2014; Fain 2005; Maghbooli et al. 2007; Maiyegun et al. 2002; Mays 2008).

Individuals SG29, SG30, and SG32 were removed from the statistical tests because they
were much older in age than the other individuals, and as such are considered exclusions. SG31
was also removed from statistical tests as it is represented by only one bone, and as such there
was not enough skeletal remains present for assessment. An individual needed at least three
separate skeletal elements present for assessment to be included for analysis. The removal of
these four individuals from statistical analyses reduced the sample size to 28.

If there were lesions which were repeatedly seen among the sample, they were considered
to be a common lesion. A Fisher’s Exact Test (in SPSS [Version 29.0.2.0]) was then done for
each common lesion to see if there was a significant difference between the two age groups. A

Fisher’s Exact Test is the most appropriate given that this is a small, nominal data set.
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Chapter 5: Results

5.1 Assessment of Pathology

All observations of pathology for individuals in this population can be found in Table
A.1. within Appendix A including the type of lesions observed (e.g., porosity and subperiosteal
new bone formation), the location, and the distribution of lesions present in each individual. In
this chapter, the most common lesions within the population are given, and are divided by type
of appearance (i.e., subperiosteal new bone formation, porosity). Additionally, a category to
represent other types of pathology is included, which includes long bone bowing, dental changes

(e.g., linear enamel hypoplasia), and other cranial changes.

5.2 Common Areas of Porotic Lesions within the Seh Gabi Population

5.2.1 Porosity on the ectocranial surface of the cranial vault

In this population, 23

Age Group Absent Present Total
individuals had cranial vault
remains present. Of those 23 <6 months 12 2 14
subadults, only three demonstrated

=6 months 8 1 9
cranial vault porosity on the

ectocranial surface (13%, N=3/23)

Table 5.1. Frequency of cranial vault porosity on the ectocranial
(Table 5.1). In two of these three surface by age group.

individuals this porosity occurs on the temporals while in the third individual it occurs on
unidentifiable cranial vault fragments. There is no significant difference between those under the

age of six months and those over the age of six months (Fisher’s Exact Test, p=1.000).



64

5.2.2 Porosity on the endocranial surface of the cranial vault

Twenty-three individuals Age Group Absent Present Total
had cranial vault remains present
for assessment. Of these, only one <6 months 13 ! 14
individual demonstrated porosity >6 months 9 0 9
on the endocranial surface (4.3%,

N=1/23) (Table 5.2). This porosity

Table 5.2. Frequency of cranial vault porosity on the endocranial
surface by age group.

occurs on this individual’s

temporal, and this individual is represented within the porosity on the ectocranial surface group
as well. There is no significant difference between the two age groups tested (Fisher’s Exact

Test, p= 1.000).

5.2.3 Orbital roof porosity

Of the 28 individuals included for
statistical testing, 21 had an orbital roof present
for assessment. Of these 21 subadults, nine
showed orbital roof porosity (42.9%, N=9/21)
(Table 5.3). An example of this type of lesion can
be seen in Figure 5.1. There is a significant
difference between the two age groups (Fisher’s
Exact Test, p=0.032), with more individuals

having this lesion in the over six months old age

group.

Figure 5.1. Endocranial surface of the right
frontal of SG12, demonstrating the right orbital
porosity (arrow). 1 cm scale bar.




5.2.4 Maxillary palate porosity
Fourteen individuals had at
least a partial maxillary palate
present for assessment. Of these 14
individuals, six individuals
presented with palate porosity on
the palatine process (42.6%,
N=6/14) (Table 5.4). There is no
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Age Group Absent Present Total
<6 months 10 3 13
26 months 2 6 8

Table 5.3. Frequency of orbital roof porosity by age group.

Age Group Absent Present Total
<6 months 5 4 9
>6 months 3 2 5

Table 5.4. Frequency of maxillary palate porosity by age group.

significant difference in the prevalence of maxillary palate porosity in the two age groups

(Fisher’s Exact Test, p=1.000).

5.2.5 Scapular supraspinous fossa porosity

Twenty-three individuals
had this portion of the scapula
present, and of those 23, one
individual had the lesion present
(4.3%, N=1/23) (Table 5.5). There
is no significant difference in the
prevalence of this lesion between

the two age groups under

Age Group Absent Present Total
<6 months 13 1 14
26 months 9 0 9

Table 5.5. Frequency of porosity on the scapular supraspinous fossa

by age group.

comparison (Fisher’s Exact Test, p=1.000).
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5.3 Common Areas of Subperiosteal New Bone Formation (SPNB) Lesions within the Seh

Gabi Population

5.3.1 SPNB on the orbital roof
Of the 28 individuals from
Seh Gabi, 21 had an orbital roof
present for assessment. Four of the
individuals demonstrated SPNB on
their orbital roof (19%, N=4/21)
(Table 5.6). An example of this

SPNB can be seen in Figure 5.2. There is no
significant difference in the prevalence of orbital

roof SPNB between the two age groups (Fisher’s

Exact Test, p=0.618).

Age Group Absent Present Total
<6 months 11 2 13
>6 months 6 2 8

Table 5.6. Frequency of SPNB on the orbital roof by age group.

Figure 5.2. Anterior view of SPNB (arrow) in the
right orbital roof of SG9. 1 cm scale bar.

5.3.2 SPNB on the diaphyses of both upper and lower limbs

Twenty-five individuals
had upper and lower limbs present
for assessment. To be included in
this count an individual needed to
have a total count of at least three
upper and lower limbs present with

a diaphysis (e.g., one humerus and

Age Group Absent Present Total
<6 months 15 1 16
26 months 9 0 9

Table 5.7. Frequency of SPNB on the diaphyses of the upper/lower
limbs by age group.

two femora, or two humeri and one femur, etc.). Upper and lower limbs are grouped together to




be consistent with other studies (e.g., Eggington et al. 2024). Of these 25 individuals, only one
subadult showed SPNB on the diaphyses of both their upper and lower limbs (4.0%, N=1/25)
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(Table 5.7). There is no significant difference between the two age groups (Fisher’s Exact Test,

p=1.000).

5.4 Common SPNB Lesions with Porosity within the Seh Gabi Population

5.4.1 Location of porosity with SPNB observed

5.4.1.1 Ectocranial cranial vault SPNB with porosity.

Twenty-three individuals
had cranial vault remains present
for assessment. Seven of these 23
individuals displayed SPNB with
porosity (30.4%, N=7/23) (Table
5.8). There is no significant

difference in the prevalence of

cranial vault SPNB and porosity (Fisher’s Exact Test, p=1.000).

Age Group Absent Present Total
<6 months 10 4 14
26 months 6 3 9

Table 5.8. Frequency of cranial vault SPNB and porosity by age

group.

5.4.1.2 SPNB/porosity on the greater wing of the sphenoid.

Only 17 individuals had a
greater wing of the sphenoid
present for assessment. Of these 17
individuals, two had both SPNB
and porosity present on the inner
table (11.8%, N=2/17) (Table 5.9).
There is no significant difference

in the prevalence of this

SPNB/porosity between the two age groups tested (Fisher’s Exact Test, p=1.000).

Age Group Absent Present Total
<6 months 10 2 12
26 months 5 0 5

Table 5.9. Frequency of SPNB and porosity on the greater wing of
the sphenoid by age group.




5.4.1.3 SPNB and porosity on the orbital roof-

Of the 28 individuals in
this population, 21 had an orbital
roof present for assessment. Three
of these 21 individuals had both
SPNB and porosity present in their
orbital roof (14.3%, N=3/21)
(Table 5.10). These three
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Age Group Absent Present Total
<6 months 12 1 13
>6 months 6 2 8

Table 5.10. Frequency of SPNB and porosity in the orbital roof by

age group.

individuals are also represented within the sections

on both orbital roof porosity (5.2.3) and orbital roof

SPNB (5.3.1) as individuals with those lesions. An

example of SPNB and porosity together can be seen

in Figure 5.3. There is no significant difference

between those under six months old, and those over

six months (Fisher’s Exact Test, p=0.531).

Figure 5.3. Anterior view of the right orbit of
SG25, showing orbital porosity and
subperiosteal new bone formation (arrow), 1
cm scale bar.

5.4.1.4 SPNB and porosity on the posterior aspect of the maxilla (maxillary tuber).

Thirteen individuals within
this population had the posterior
aspect of the maxilla present for
assessment, and of these 13, two
had evidence of SPNB and
porosity on this element (15.4%,
N=2/13) (Table 5.11). There is no

Age Group Absent Present Total
<6 months 7 2 9
26 months 4 0 4

Table 5.11. Frequency of SPNB and porosity on the posterior
aspect of the maxilla by age group.




significant difference in the prevalence of this lesion amongst the two age groups compared

(Fisher’s Exact Test, p=1.000).

5.4.1.5 SPNB and porosity around the infraorbital foramen of the maxilla.

Fifteen of the individuals
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had the portion of their maxilla Age Group Absent Present Total
with the infraorbital foramen intact =6 months 2 1 5
for assessment. Of these 15

subadults, one had SPNB and >6 months 6 0 6

porosity on that area (6.7%,

. Table 5.12. Frequency of SPNB/porosity on the infraorbital
N=1/15) (Table 5.12). There is no R porosity

foramen of the maxilla by age group.

significant difference between the

two age groups which were assessed (Fisher’s Exact Test, p=1.000).

5.4.1.6 SPNB and porosity on the infraspinous fossa of the scapula.

Twenty-three individuals

Age Group Absent Present Total
had this portion of the scapula
present for assessment. Of these <6 months 13 1 14
23, two individuals had the lesions 6 months 3 1 5
present (8.7%, N=2/23) (Table

5.13). There is no significant Table 5.13. Frequency of SPNB/porosity on the scapular

difference between the two age infraspinous fossa by age group.

groups (Fisher’s Exact Test, p=1.000).



5.5 Other Pathologies Noted
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5.5.1 Long bone metaphyseal flaring of the upper and lower limbs

Twenty-five individuals

Age Group Absent Present Total
had upper and lower limbs present
for assessment. As mentioned in <6 months 16 0 16
section 5.3.2, a combination of at >6 monthe 3 1 5
least three upper and lower limb

long bones with a metaphysis

Table 5.14. Frequency of metaphyseal flaring of the upper/lower
present were required (e.g., one limbs by age group.

humerus and two femora) for assessment. Only one individual showed metaphyseal flaring in

their upper and lower limbs (4.0%, N=1/25) (Table 5.14). There is no significant difference

between the two age groups assessed (Fisher’s Exact Test, p=0.360). There were no individuals

who had metaphyseal flaring in only their upper or lower limbs, when multiple upper or lower

limb bones were present for assessment.

5.5.2 Dental pathology

Localized hypoplasia of the primary
canine (LHPC), a non-specific indicator of stress,
and enamel defects (missing spots of enamel)
were common among the subadults of Seh Gabi.
Two of the 28 individuals included for statistical
analyses (SG7 and SG15) had LHPC present
(7.1%, N=2/28). Six individuals had enamel
defects present (SG3, SG7, SG14, SG22, SG23,
SG27) which results in a prevalence of 21.4%
(N=6/28). Linear enamel hypoplasia (LEH),

Figure 5.4. Dentition of SG29, demonstrating
multiple teeth affected by LEH (arrow), 1 cm
scale bar.

another non-specific indicator of stress, was present in two of the older individuals who are not

included in statistical analyses (SG29 and SG30). An example of Linear Enamel Hypoplasia

(LEH) is shown in Figure 5.4.
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5.5.3 Other pathologies

Additionally, three individuals showed evidence of a healed or healing clavicular fracture
(SG12, SG16, SG23). Finally, one individual showed evidence of hydrocephalus (D.C. Merrett,
pers. comm., 2022) due to the shape of their cranial bones and the associated cranial vault

expansion (SG16).

5.6 Lesions Associated With MBD Which Are Not Visible On The Seh Gabi Subadults
5.6.1 Frontal bone bossing
In this population, 18 individuals had a large enough portion of their frontal bone present

for the assessment of the presence of bossing. None demonstrated frontal bone bossing (0%).

5.6.2 SPNB on the lesser wings of the sphenoid
Fourteen individuals had the lesser wings of the sphenoid present for assessment. None of

these individuals presented with this lesion (0%).

5.6.3 Maxillary/mandibular alveolar process SPNB/porosity
In this population sample, 22 individuals had a maxilla, mandible, or both present for

assessment of this lesion. None of these individuals presented with this lesion (0%)

5.6.4 SPNB/porosity on the mental coronoid process of the mandible
Seventeen individuals in this population had this portion of their mandible present for

assessment. In this group of 17, none presented with this lesion (0%).

5.6.5 Deformed mandibular ramus
Nineteen of the Seh Gabi subadults had a mandibular ramus present for assessment; none

had evidence of a deformity (0%).

5.6.6 Porosity of the orbital surface of the zygomatic
Of the 28 individuals who make up this population sample, 20 had the orbital surface of
the zygomatic present. None of these 20 individuals had this lesion (0%).
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5.6.7 Rib changes

Twenty-six individuals had ribs present with their remains for assessment. None of these
individuals demonstrated rib cupping or flaring (0%). There are two types of lesions that focus
on the sternal ends of ribs which could be related to MBD. One of these is sternal rib end flaring,
if cupped. Of the 26 individuals who had their sternal rib ends present, none showed evidence of
this lesion (0%). Porosity on the sternal rib ends can also be associated with MBD. Again, of the

26 subadults who had sternal rib ends, none had porosity on that area (0%).

5.6.9 Rib deformity with a sharp angle
Twenty-six individuals in the Seh Gabi population had multiple ribs present for

assessment. Of these 26 subadults, none displayed this type of lesion (0%).

5.6.10 Ilium porosity
Twenty-two individuals had an ilium present for assessment, and none had porosity

present (0%).

5.6.11 Ilium concavity
In the Seh Gabi population, 22 individuals had an ilium present for assessment. Of these

22 individuals, none displayed this lesion (0%).

5.6.12 Deformed arm & leg bones with a clear bend
In the Seh Gabi population, 25 individuals had multiple arm and leg bones present for

assessment. None of these 25 individuals had this lesion present (0%).

5.6.13 Abnormal distal growth plates
Twenty-six of the subadults from Seh Gabi had distal ends of long bones present for

assessment, and of these 26 individuals, none demonstrated this lesion (0%).
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5.6.14 Flattening of femoral metaphysis and coxa vara
Of the Seh Gabi individuals, only 24 had these femoral areas present for assessment.

None of these 24 individuals showed evidence of this type of pathological lesion (0%).

5.6.15 Bilateral thickening of long bones
Of the 28 individuals associated with Seh Gabi, 24 had both right and left long bones. In

this group of 24, none demonstrated this lesion (0%).

5.6.16 Long bone concave curvature porosity
Twenty-seven Seh Gabi subadults had a long bone present for the assessment of this

lesion. None showed the lesion (0%).

5.6.17 Irregular & porous metaphyseal cortex of long bones
Twenty-five of the Seh Gabi subadult population had multiple long bones present with

enough metaphyseal cortex for the assessment of lesion presence. None showed this lesion (0%).

5.8 Summary

A variety of lesions can be seen in the Seh Gabi population, the majority of which are
changes represented by porosity and subperiosteal new bone formation (SPNB) on the cranial
bones. There are also other signs of non-specific stress (LEH) in this population, including on
individuals who were excluded from statistical testing. SG16 is a pathological outlier as they
present with changes associated with hydrocephalus. To the data above a differential diagnosis

(Chapter 6) was applied to assess what these lesions might mean and to better understand life at

Seh Gabi.
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Chapter 6: Discussion & Interpretations

6.1 Introduction

The cultural materials associated with Seh Gabi indicate a date range of about 7450 to
5450 cal B.P. (Hamlin 1973, 1974) while the radiocarbon dating of human skeletal remains are
specifically tied to the period from 6850+50 cal B.P. to 5070430 cal B.P. (Lazaridis et al. 2016;
Narasimhan et al. 2019). The dates which are associated with the human skeletal remains
themselves overlap with the Chalcolithic period in the Zagros; 7450 to 5150 cal B.P. (Matthews
and Fazeli Nashli 2022). While the sample size for this population is small, especially when
divided between mounds, the number of subadult individuals recovered from Seh Gabi is unique
for this time period and region. This illustrates the importance of the assessment and resulting
interpretations about the population. The focus of this study is on the presence or absence for
skeletal evidence of vitamin deficiencies, using differential diagnosis, informing our

understanding of diet and population health.

6.2 Differential Diagnosis

6.2.1 Lesions within the Seh Gabi skeletal population

Multiple areas of the skeleton had visible lesions on multiple individuals within the Seh
Gabi sample. A summary of these lesions is provided in section 6.2.1.1 and 6.2.1.2 beginning
with the cranium and then the infracranial skeleton. This is followed by a consideration of the

possible causes.

6.2.1.1 Cranial lesions.

There were several types of cranial lesions seen in the Seh Gabi subadults. On the cranial
vault, porosity could be seen on the ectocranial surface (13%; N=3/23) and the endocranial
surface (4.3%; N=1/23) (see Appendix C, Tables C.1. and C.2. for complete list of individuals
with this lesion, and others mentioned). This porosity can be associated with anaemia (Brickley
et al. 2020b; Lewis 2012; Rinaldo et al. 2019; Sullivan 2005) and rickets (Mays et al. 2006;
Ortner and Mays 1998). However, if the porosity on the ectocranial surface presents with
subperiosteal new bone formation (SPNB with porosity: 30.4%; N=7/23) as well, then scurvy
could have been present (Eggington et al. 2024; Geber and Murphy 2012).
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If both SPNB and porosity are present on the greater wing of the sphenoid, this is
considered to be a clear indicator of scurvy (Brown and Ortner 2011; Eggington et al. 2024;
Geber and Murphy 2012; Klaus 2017; Ortner and Ericksen 1997; Schattmann et al. 2016;
Snoddy et al. 2018) and has not been found in association with other metabolic bone diseases.
The combination of SPNB and porosity on the greater wing of the sphenoid was visible in 11.8%
(N=2/17) of the population sample for Seh Gabi.

On the orbital roofs, the presence of porosity was seen in 42.9% (N=9/21) of individuals.
This type of lesion can be associated with scurvy (Brickley and Ives 2006; Mays 2008; Moore
and Koon 2017; Ortner et al. 2001; Ortner and Ericksen 1997), rickets (Mays et al. 2006; Ortner
and Mays 1998; Schattmann 2014), anaemia (Rinaldo et al. 2019), and pellagra (Brenton and
Paine 2007). For this lesion to be tied to anaemia specifically, there must be evidence of
thickened diplo€ representing marrow expansion (Brickley et al. 2020b), which was not observed
in this population. Also seen in the orbital roof was the occurrence of SPNB (19%; N=4/21),
which is typically associated with scurvy (Brown and Ortner 2011; Eggington et al. 2024; Klaus
2017; Snoddy et al. 2018). Three individuals (SG9, SG25, SG27) had both porosity and SPNB
present in their orbital roof, 14.3% (N=3/21). These three individuals are represented within the
separate groups of porosity in the orbital roof and SPNB in the orbital roof groups mentioned
above.

Porosity was seen in 42.6% (N=6/14) of the individuals with the maxillary palate present
for assessment, which is often associated with scurvy (Brown and Ortner 2011; Eggington et al.
2024; Ortner and Ericksen 1997). Also seen in the maxilla was subperiosteal new bone formation
and porosity on the posterior aspect (15.4%; N=2/13), also typically linked to scurvy (Eggington
et al. 2024; Geber and Murphy 2012; Klaus 2017; Ortner and Ericksen 1997; Schattmann et al.
2016; Snoddy et al. 2018). SPNB and porosity were present around the infraorbital foramen of
the maxilla for 6.7% (N=1/15) of the sample. Again, this lesion combination is associated with
scurvy and no other metabolic bone diseases (Brown and Ortner 2011; Eggington et al. 2024;

Geber and Murphy 2012; Schattmann et al. 2016).

6.2.1.2 Infracranial lesions.
Porosity on the scapulae seen in the supraspinous fossa (4.3%; N=1/23) has been

generally associated with scurvy (Brown and Ortner 2011; Eggington et al. 2024; Klaus 2017;
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Schattmann et al. 2016; Snoddy et al. 2018). Porosity and SPNB of the scapular infraspinous
fossa were seen in 8.7% (N=2/23) of the sample; this type of lesion is, again, typically related to
scurvy (Brown and Ortner 2011; Eggington et al. 2024; Klaus 2017; Schattmann et al. 2016;
Snoddy et al. 2018).

Subperiosteal new bone formation of the upper and lower limb diaphyses was seen on
4.0% (N=1/25) of the population sample. This lesion is often seen in scurvy cases (Eggington et
al. 2024; Geber and Murphy 2012) and is not associated with other metabolic bone diseases.

Metaphyseal flaring of the upper and lower limbs was present in 4.0% (N=1/25) of the
individuals. Typically, this lesion type is related to both scurvy (Eggington et al. 2024; Snoddy et
al. 2018) and rickets (Mays et al. 2006; Schattmann 2014; Ortner and Mays 1998). However, it
can also be linked to osteopetrosis when it is located at the proximal humerus, and distal femur
and tibia (Beighton et al. 1977), which was not seen in the Seh Gabi individuals in association

with metaphyseal flaring.

6.2.1.3 Patterning.

There are some areas of patterning within the lesions that were seen among the subadults
of this population. Much of the patterning that can be seen has to do with porotic lesions. Of the
individuals who had ectocranial vault porosity, one individual also had orbital roof porosity.
Thus, 33% of the individuals with ectocranial vault porosity had orbital roof porosity (N=1/3) or
11% of individuals with orbital roof porosity had ectocranial vault porosity (N=1/9). Also, of the
those with ectocranial vault porosity, two individuals also had maxillary palate porosity (66%;
N=2/3), or, 33% of individuals with maxillary palate porosity also had ectocranial vault porosity
(N=2/6). Of those six individuals with maxillary palate porosity, three individuals also had
porosity present on an orbital roof (50%, N=3/6) or 33% of the individuals with orbital roof
porosity also had maxillary palate porosity (N=3/9). Nine individuals had orbital roof porosity,
one of whom also had porosity on their scapular supraspinous fossa (11%, N=1/9). This same
individual also had maxillary palate porosity, meaning that of the six individuals with maxillary
palate porosity one had scapular supraspinous fossa porosity (16.6%, N=1/6).

Some patterning can be seen in the lesions that focus on SPNB changes. There is overlap
between the groups of SPNB in the orbital roof, and SPNB with porosity of the greater wing of

the sphenoid. Of the four individuals who have SPNB in their orbital roof, one individual also



77

has SPNB and porosity on the greater wing of their sphenoid (25%, N=1/4). Only two
individuals have SPNB and porosity on the greater wing of the sphenoid, meaning that 50% of
this group present with SPNB in their orbital roof (N=1/2). Also, there is one individual who has
SPNB on their long bones, also has SPNB on their ectocranial vault. This means that of the
seven individuals with SPNB on their ectocranial vault 14.3% have SPNB on the long bone
diaphyses (N=1/7).

There is also overlap between different SPNB associated with porosity lesions. Of the
three individuals who have SPNB and porosity in their orbital roof, one also has SPNB and
porosity on the posterior aspect of the maxilla (33%, N=1/3). This means that of the two
individuals who have these changes on the posterior aspect of the maxilla (maxillary tuber), 50%
also have orbital roof SPNB and porosity (N=1/2). Two individuals have SPNB and porosity on
the greater wing of the sphenoid, and one of these individuals also has SPNB and porosity
around the infraorbital foramen of their maxilla (50%, N=1/2). This individual (SG21) is the only
one in the sample to have this lesion combination (SPNB and porosity around the infraorbital
foramen of the maxilla). SG21 also has SPNB and porosity on the infraspinous fossa of their
scapula, meaning that of the group with greater wing of the sphenoid changes, 50% have SPNB
and porosity on this area of the scapula (N=1/2). Additionally, this means that 100% of the
individuals with SPNB and porosity around the infraorbital foramen of the maxilla also have
SPNB and porosity on the infraspinous fossa of the scapula. Thus, the most common lesion
combinations are: ectocranial vault porosity with maxillary palate porosity, maxillary palate
porosity and orbital roof porosity, SPNB and porosity on the greater wing of the sphenoid with
SPNB in the orbital roof, posterior aspect of the maxilla changes with orbital roof SPNB and
porosity, and SPNB and porosity on the greater wing of the sphenoid with SPNB and porosity

around the infraorbital foramen of the maxilla.

6.2.1.4 What cause(s) should be considered most likely for the subadults of Seh Gabi?

Most lesions seen in this population occurred in the cranium. The most commonly noted
lesions had possible links to anaemia, pellagra, and osteopetrosis however, the majority of those
lesions are typically associated with scurvy and rickets. Anaemia is a factor that needs to be
considered, especially when the probability of dietary stressors is high. But only two of the

common lesions in this sample are associated with anaemia (orbital roof porosity and porosity on
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the ectocranial surface of the cranial vault). Also, the orbital roof porosity did not show evidence
of connection with the diplo€ or marrow expansion, which is required for an anaemia diagnosis
(Brickley et al. 2020b). Pellagra is also considered to be unlikely as it is tied to only one of the
most common lesions (orbital roof porosity) noted. Osteopetrosis is not considered, as the lesion
location criteria (at the distal femur and tibia, the proximal humerus) needed to be associated
with metaphyseal flaring, which was not evident in the individual with metaphyseal flaring.

It will also be noted that the skeletal changes associated with rickets can also be caused
by celiac disease, chronic biliary status, and biliary fistula as these conditions impede vitamin D
absorption (Ortner and Putschar 1985). In scurvy, as noted above, some of the changes observed
can be associated with other metabolic bone diseases such as rickets and anaemia.

Multiple lesions discussed above are linked only to scurvy. One such indicator seen in the
Seh Gabi sample is SPNB and porosity on the greater wing of the sphenoid (Brown and Ortner
2011; Eggington et al. 2024; Geber and Murphy 2012; Klaus 2017; Ortner and Ericksen 1997;
Schattmann et al. 2016; Snoddy et al. 2018). Another lesion typically only linked to scurvy
which is seen within this sample is that of SPNB in the orbital roof (Brown and Ortner 2011;
Eggington et al. 2024; Klaus 2017; Snoddy et al. 2018). The lesions seen in the maxilla
discussed above are also associated only with scurvy: maxillary palate porosity (Brown and
Ortner 2011; Eggington et al. 2024; Ortner and Ericksen 1997); SPNB and porosity on the
posterior aspect (Eggington et al. 2024; Geber and Murphy 2012; Klaus 2017; Ortner and
Ericksen 1997; Schattmann et al. 2016; Snoddy et al. 2018), and SPNB and porosity around the
infraorbital foramen (Brown and Ortner 2011; Eggington et al. 2024; Geber and Murphy 2012;
Schattmann et al. 2016). Additionally, both porosity on the scapular supraspinous fossa and
SPNB and porosity on the scapular infraspinous fossa are typically tied to scurvy (Brown and
Ortner 2011; Eggington et al. 2024; Klaus 2017; Schattmann et al. 2016; Snoddy et al. 2018).

Given that many of the lesions seen in the Seh Gabi sample are typically associated with
scurvy, and that the other possible MBD (anaemia, pellagra, and osteopetrosis) are thought to be
unlikely due to the possible associated lesions not fully aligning with those diseases (e.g., no sign
of marrow expansion associated with orbital roof porosity), it is concluded that scurvy is a
possible lived experience for the population of Seh Gabi. It should also be noted that in cases of
non-adult scurvy the long bones are less affected (Brown and Ortner 2011; Ortner 2003), and

osseus evidence can be restricted to the cranium, especially in cases of infantile scurvy (e.g.,
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Geber and Murphy 2012). It is thus, not surprising that many of the more common lesions among

the Seh Gabi sample are restricted to the cranium.

6.2.2 Individual diagnoses
6.2.2.1 Framework for diagnosis.

An operational definition requires a certain set of criteria to be fulfilled for a disease to be
identified (Waldron 2009). In this study, a probable diagnosis of scurvy or rickets requires an
individual to have at least two diagnostic lesions, or a combination of three suggestive or non-
diagnostic lesions associated with scurvy or rickets (e.g., Eggington et al. 2024; Schattmann
2014; Snoddy et al. 2018). These criteria are considered to be the operational definitions for
either scurvy or rickets within this study. Individuals with one diagnostic lesion, one suggestive
lesion, or at least two suggestive and non-diagnostic lesions were categorized as possible cases
with insufficient skeletal evidence for both rickets and scurvy. This framework is consistent with
other studies of scurvy and rickets in skeletal populations (e.g., Eggington et al. 2024;
Schattmann 2014; Srienc-Sciesiek et al. 2024). The diagnostic, suggestive, and non-diagnostic
lesions for scurvy are presented in Table 6.1 (p. 80) while the diagnostic, suggestive, and non-
diagnostic lesions for rickets are shown in Table 6.2 (p. 81). Comorbidity was identified as a
possibility if multiple features of both scurvy and rickets were present in individuals. A complete
summary of all these diagnostic, suggestive, and non-diagnostic scorbutic and rachitic lesions for
each individual is provided in Appendix C. It will be noted that there are other slightly different
frameworks that could be used (i.e., Brickley and Morgan 2023) which offer alternatives to the
labels of probable and possible cases. But, given the age of these individuals and the amount of
growth and development that is occurring at that time of life, lesions are sometimes difficult to
distinguish on subadult skeletal remains. Given this, the decision was made to use probable and

possible diagnoses, as to not underrepresent those cases.
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Table 6.1. Types of Scorbutic Lesions for Diagnosis.

Diagnostic

Suggestive

Non-Diagnostic

Sphenoid: greater wing
SPNB/porosity & ¢ d.f¢

Sphenoid: lesser wings SPNB ¢ f

Cranial Vault: SPNB/porosity *°

Maxilla: posterior aspect
SPNB/porosity ¢4 fe

Mandible: mental coronoid process
SPNB/porosity > f

Ilium: porosity > f

Scapula: Supraspinous fossa

porosity »> &2

Zygomatic: orbital surface porosity
a,b,cf g

Scapula: Infraspinous fossa
SPNB/porosity %42

Maxilla: infraorbital foramen
SPNB/porosity ®®¢f

Frontal: orbital roof SPNB 2 b- 4.2

Upper/Lower limbs: diaphysis
SPNB ¢

Upper/Lower limbs: metaphyseal
flaring ® ¢

Maxilla: palate porosity * ¢

Maxilla/Mandible: alveolar process
SPNB/porosity » ¢

Rib flaring/cupping > ¢

2Brown and Ortner 2011

b Eggington et al. 2024

¢ Geber and Murphy 2012
4 Klaus 2017

¢ Ortner and Ericksen 1997
f Schattmann et al. 2016

¢ Snoddy et al. 2018.
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Table 6.2. Types of Rachitic Lesions for Diagnosis.

Diagnostic

Suggestive

Non-Diagnostic

Deformed arm & leg long bones

when multiple bones affected &

clear bend, radiography rules out
trauma b ¢

Sternal rib end porosity >4

Cranial vault porosity ecto &
endocranial % ¢4

Abnormal growth plate distally > ¢

Rib deformity with a sharp angle if
multiple bones affected >4

Frontal bone bossing ¢

Flattening of femoral metaphysis &

coxa vara ¢

Deformed mandibular ramus ¢4

Orbital roof porosity > ¢

Thickened long bones bilaterally &
confirmed radiographically ® ¢ ¢

Ilium concavity ® ¢

Irregular & porous metaphyseal
cortex of long bones ¢

Sternal rib end flaring if cupped > ©
d

Long bone metaphyseal flaring;
arms & legs > °

Long bone concave curvature
porosity ¢

?Brickley and Ives 2008b
>Mays et al. 2006

¢ Schattmann 2014

4 Ortner and Mays 1998.

6.2.3 Presence of possible scorbutic vs rachitic lesions

Based on prevalence alone (see Table 6.3), the possible scorbutic lesions (see Table 6.1,

p. 80) appear to be more

common than possible

rachitic lesions (see Table

6.2, above); possible in
this case referring to
lesions which could be
possibly associated with

each disease. However,

Possible Possible Both Total
Scorbutic Rachitic
Lesions Lesions
<6 months 6 2 3 11
26 months 1 1 6 8
Total 7 3 9 19

Table 6.3. Frequency of individuals with scorbutic and/or rachitic lesions by

age group.

the most common rachitic lesion of orbital roof porosity has a higher prevalence rate than any of

the common scorbutic lesions. It is entirely possible that other individuals may have also

displayed the rachitic and scorbutic lesions, but do not have the relevant skeletal elements

available to assess. Nineteen individuals presented with lesions that have been identified as

diagnostic, suggestive, and non-diagnostic for rickets and scurvy. The frequencies by age group

can be seen in Table 6.3. A Fisher’s exact test was done to test whether there is a significant
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relationship between the possible scorbutic and rachitic lesions within this population and/or by
age group which resulted in a p-value of 0.150, meaning that there was no significant difference

between lesions and age in this sample.

6.3 Analysis Method of Disease Prevalences

Prevalences were calculated for scurvy, rickets, and comorbidity in this population. In
living populations, prevalences are calculated as the number of cases/total population. As the
total population of this site cannot be known, total sample size is used instead of total population.

Different mounds have been dated to different time periods. Comparisons were made
between mound groupings to determine if there was a change in the prevalence of scurvy and
rickets through time. As such, mounds will be separated into three groups for analysis: oldest
(Mound C), intermediate (Mound E and B), and most recent (Mound F and A). The location of

the mounds can be seen in Figure 2.1 (p. 6).

6.4 Location of Burials and Diagnoses

Table 6.4 outlines where individuals were buried, and the metabolic bone disease
condition, if any, they may have experienced. The calibrated radiocarbon dates come from
aDNA studies of human bone (Lazaridis et al. 2016; Narasimhan et al. 2019). The dates
associated with skeletal material have been preferentially used, when available, for the purposes
of analysis here as they are more concrete and not estimates. Other dates are uncalibrated and

come from Hamlin’s excavation report (1974), which have been converted to cal B.P.



Table 6.4. Burial Location & Diagnoses of the Seh Gabi Population.

Burial Mound C Mound E Mound B Mound F Mound A
6850450 cal 5950 to 5450 5870+40 to 5450 cal 5105+35 to
B.pP? cal B.P.° 5740+40 cal B.P.2 B.P." 5070+30 cal B.P.2
(7450 cal (69506450 cal
B.P.Y B.P.
1 SG 1 SG 22: SG S SG 24 SG 18
possible scurvy
2 SG 2 SG 23: SG 6 *SG 29 SG 19
possible scurvy
3 SG 3: SG 25: SG7: SG 20
possible possible scurvy probable scurvy
scurvy
4 SG 4: SG 26: SG 8: SG 21:
possible scurvy & possible scurvy possible scurvy probable scurvy
rickets
5 SG 27: SG9: *SG 30
possible scurvy probable scurvy
6 SG 28 SG 10 *SG 31
7 *SG 32: SG 11:
possible scurvy possible scurvy
8 SG 12
9 SG 13
10 SG 14:
possible scurvy&
rickets
11 SG 15
12 SG 16:
possible scurvy
13 SG 17
Prevalence probable 0% 0% 15.4% (N=2/13) 0% 25% (N=1/4)
scurvy
Prevalence possible 50% (N=2/4) 83.3% (N=5/6) 30.8% (N=4/13) 0% 0%
scurvy
Prevalence possible 25% (N=1/4) 0% 7.7% (N=1/13) 0% 0%
rickets
Prevalence possible 25% (N=1/4) 0% 7.7% (N=1/13) 0% 0%
scurvy and rickets
* Lazaridis et al. 2016; Narasimhan et al. 2019
> Hamlin 1974
*=not included for analysis due to age estimations.
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6.5 Scurvy

Within the framework of diagnostic, suggestive, and non-diagnostic scorbutic lesions
outlined in Table 6.1, the identification of scurvy in these subadults was possible. With these
requirements in mind, three of these subadults (SG7, SG9, and SG21) exhibited two diagnostic
or three suggestive and non-diagnostic lesions which is indicative of probable scurvy at a
prevalence of 10.7% (N=3/28) in this population. There are an additional eleven cases (SG3,
SG4, SG8, SG11, SG14, SG16, SG22, SG23, SG25, SG26, SG27) of possible scurvy with
insufficient skeletal evidence (39.3%, N=11/28) that consisted of one diagnostic or suggestive

lesion, or two non-diagnostic lesions.

6.5.1 Within and Between Mounds

The occurrence of scurvy diagnosis by mound grouping is summarized in Table 6.5,
below. The oldest mound, Mound C (6850+50 cal B.P., Lazaridis et al. 2016), had no probable
scorbutic individuals, or a prevalence of 0% (0/4). Mounds B and E are part of the intermediate
dated group of mounds. Mound B (5870440 to 5740+40 cal B.P., Lazaridis et al. 2016)
contained two probable scorbutic individuals resulting in a prevalence of 15.4% (N=2/13).
Mound E (5950 to 5450 cal B.P., Hamlin 1974) had no probable scorbutic individuals or a
prevalence of 0%. Mound F and Mound A are the most recent mounds. Mound F (5450 cal B.P.,
Hamlin 1974) had no probable scorbutic individuals, or a prevalence of 0%. Mound A (5105435
to 5070+30 cal B.P., Lazaridis et al. 2016) contained one individual with probable scurvy,
resulting in a scurvy prevalence of 25% (N=1/4), making it slightly more common in this more
recent mound. The results indicate that the earliest mound (Mound C) had a prevalence of 0%;
the intermediate group of mounds (Mounds B and E) had a probable scurvy prevalence of 10.5%
(N=2/19); while the most recent mound group (Mounds F and A) has a probable scurvy
prevalence of 20% (N=1/5). This indicates that the prevalence of probable scurvy increases with

time.
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There are nine individuals who have lesions possibly associated with scurvy, but with
insufficient indicators for a probable diagnosis. Mound C contained four individuals, two of
which are possible scurvy cases for a prevalence of 50% (N=2/4). Of the intermediate mounds,
Mound E has 6 individuals for analysis, five of whom are possible scurvy cases (83.3%, N=5/6)
and Mound B, four individuals are possible scurvy cases indicating a prevalence of 30.1%
(N=4/13). In the most recent mounds, both Mound F and Mound A have no possible cases, with
a prevalence of 0% for both. Combined, the oldest mound group (Mound C) has a possible
scurvy prevalence of 50%, the intermediate grouping of mounds (Mound E and B) 47.4%

(N=9/19), and Mound Probable Possible Absent Total
the most Grouping Scurvy Scurvy
Oldest (Mound 0 2 2 4
recent group C)
Intermediate 2 7 10 19
(mound F and (Mound E &
A) has a B)
Most Recent 1 0 4 5
prevalence of (Mounds A
&F
0%. Contrary )
Totals 3 9 16 28
to that for
probable Table 6.5. Frequency of individuals with probable scurvy, possible scurvy, and absent
scorbutic lesions by mound grouping.
scurvy, the

prevalence of possible scurvy decreases through time.

The frequencies of scurvy diagnosis by mound grouping can be seen in Table 6.5. There
is no significant difference between the mound groupings and the number of cases of probable
scurvy, possible scurvy, and the absence of scorbutic lesions (Fisher-Freeman-Halton Exact Test,

p=0.461).

6.6 Rickets

The identification of rachitic lesions was possible using the previously established
framework (p. 79). None of the individuals in this study met the requirements for probable
diagnosis (two diagnostic or three suggestive and non-diagnostic lesions, see Table 6.2 p. 81),
thus there is a prevalence of 0% for probable rickets. However, two individuals presented as
possible rickets cases (SG4, SG14) with a prevalence of 7.1% (N=2/28). To qualify for possible

rickets with insufficient skeletal evidence, these individuals needed to have one diagnostic or
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suggestive lesion, or two non-diagnostic lesions (Table 6.2, p. 81). It is important to note that
more individuals may have experienced rickets than is visible macroscopically on their remains.
It is also possible that they did not have rickets long enough to leave skeletal evidence or, as
discussed in Chapter 3 (p. 35), that they also had scurvy which can mask the rachitic lesions on
skeletal remains (Follis et al. 1940; Fouron and Chicoine 1962; Schattmann et al. 2016).

The presence of interglobular dentin has been linked to the onset of vitamin D deficiency
(D’Ortenzio et al. 2018) and can only be seen in cross-sections of the teeth. In cross-sections of
teeth from eight Seh Gabi infants, evidence of interglobular dentin was observed in two
individuals (Merrett 2019). This study is used as a point of comparison, since the methodology
and the criteria required for diagnosis differs from this thesis. The two individuals (SG15 and
SG26) identified had interglobular dentin present within their teeth at different ages of onset.
Neither of these individuals had macroscopic lesions which are consistent with the possible
rachitic lesions outlined in Table 6.2 (p. 81). SG15 experienced this within a week of birth
whereas SG26 had interglobular dentin appear 24 weeks after birth. The timing of this
interglobular dentin would then suggest it was the mothers of SG15 and SG26 that were deficient
in vitamin D (Merrett 2019). Thus, it is possible that both infants experienced vitamin D
deficiency without leaving any macroscopic skeletal evidence and corroborates the presence of
vitamin D deficiency in the Seh Gabi population. Additionally, this would indicate that it is
possible that other individuals within the population could have experienced metabolic bone

diseases such as rickets, without having any macroscopic evidence of it on their skeletal remains.
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6.6.1 Within and Between Mounds

Two possible cases of rickets were identified among the subadults from Seh Gabi; the
frequencies of possible rickets within mound groupings can be seen in Table 6.6. One individual
with possible rickets was identified within Mound C (25%, N=1/4), and one individual from
Mound B (7.7%, N=1/13). Comparing mound groupings, the earliest grouping (Mound C) has a
prevalence of 25% (N=1/4) while the intermediate grouping (Mounds B and E) has a possible

rickets prevalence of 5.3% (N=1/19). No cases of possible rickets were identified from the most

recent Mound Probable Possible Absent Total
Grouping Rickets Rickets
mounds
Oldest (Mound 0 1 3 4

(Mounds F 0

Intermediate 0 1 18 19
and A) fOI' a (MOllIld E &
prevalence of B)

Most Recent 0 0 5 5
0%. Together, (Mounds A

Coe . &F)

this indicates Totals 0 > 2% 8

that

Table 6.6. Frequency of individuals with probable rickets, possible rickets, and absent

prevalence of rachitic lesions by mound.

possible
rickets decreases over time. However, there is no significant difference between the mounds and
cases of probable rickets, possible rickets, or absence of rachitic lesions (Fisher-Freeman-Halton

Exact Test, p=0.296).

6.7 Comorbidity

As discussed in Chapter 3 (p. 35), scurvy and rickets can occur as co-morbid conditions
within an individual and, depending on the timing of the onset of skeletal symptoms, scurvy can
mask rickets and vice versa (Brickley and Morgan 2023; Follis et al. 1940; Fouron and Chicoine
1962; Schattmann et al. 2016). The two individuals identified as possible rickets cases (SG4 and
SG14) were also identified as possible scurvy cases. This would give the Seh Gabi population a
prevalence of 7.1% (N=2/28) for possible comorbid cases of scurvy and rickets.

An infant, under the age of six months, presenting with both scurvy and rickets suggests

that their mother may have had scurvy and osteomalacia, or alternatively, not enough vitamin
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stores to provide their child with sufficient vitamins either in utero or during breastfeeding
(Brickley and Mays 2019; Maghbooli et al. 2007; Roberts and Manchester 2007). Both SG4 and
SG14 were over the age of six months at the time of death, indicating that their lesions were
more likely to be directly tied to diet and their own health rather than solely that of their mother.
When over the age of six months, it is thought that dietary deficiencies reflect more of the diet of
the individual due to lessened impacts related to maternal nutritional status during pregnancy
(Algahtani 2010; Brickley and Mays 2019; Brickley et al. 2014; Fain 2005; Maghbooli et al.
2007; Maiyegun et al. 2002; Mays 2008). These two individuals appear to have been lacking in
vitamin C and may not have received enough vitamin D either through sun exposure and/or
breastfeeding.

Seh Gabi’s location in a rain shadow is indicative of a marginal location (Zohary 1973)
which would have influenced farming and pastoralism (Hamlin 1973, 1974). Farming in a
marginal location involved planting in soils which have fewer micronutrients in the soils and
decreasing organic matter (Moreno-Jiménez et al. 2019) which could have led to lower crop
yield overall at Seh Gabi. Thus, this marginal location could have reduced the amount of vitamin

C available to the adult population, therefore reducing the amount available to infants.

6.8 The Population of Seh Gabi

From this point forward, only probable cases will be discussed since there is insufficient
evidence for diagnosis in the possible cases.

It was determined that three of the individuals of the Seh Gabi population had probable
cases of scurvy. The oldest mound group (Mound C) had no probable scurvy (0%) while the
intermediate group of mounds (Mound E and B) have had a probable scurvy prevalence of
10.5% (N=2/19) The most recent mound group (Mound F and A) has a probable scurvy
prevalence of 20% (N=1/5). Given that there are probable cases of scurvy within this population,
presumably both adults and children encountered nutritional deficiencies and possible metabolic
bone disease. It should be noted however that there is a mortality bias as this study is based on
the children who died. Presumably there would have been other children who could have

experienced the same health issues to varying degrees but survived into older age categories.
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6.9 Maternal Health
Maternal health

. Age Probable Possible Absent Total
and diet are known to Scurvy Scurvy
impact the health of <6 months 3 5 10 13
children. It has been found >6 months 0 4 6 10
that understanding Totals 3 ? 16 28
nutritional stress and Table 6.7. Frequency of individuals with probable scurvy, possible scurvy,

. ) ) and absent scorbutic lesions by age group.

disease in children under

three years of age provides context for both adult and maternal health (Barker 2012; Gowland
2015; Waterland and Michaels 2007). For example, maternal vitamin D status can influence the
amount of in utero fetal bone mineralization (Williams et al. 2009). Scorbutic neonate,
individuals up to 28 days old (World Health Organization n.d.), and post neonate (infant)
remains, aged 1 month to 1 year, (28% and 32% respectively) from a mass burial in Ireland
reflected scurvy in their mothers (Geber and Murphy 2012). For individuals under the age of six
months, lesions are likely to be tied to a mother’s nutritional status while they were pregnant
(Algahtani 2010; Brickley and Mays 2019; Brickley et al. 2014; Fain 2005; Maghbooli et al.
2007; Maiyegun et al. 2002; Mays 2008). All the probable scurvy cases in the Seh Gabi
subadults occur in the under six months old age group (Table 6.7). Thus, it is reasonable to
conclude that the probable scorbutic Seh Gabi individuals also had scorbutic mothers. Although,
there is no significant difference between age group and/or cases of probable, possible, and
absent scurvy (Fisher-Freeman-Halton Exact Test, p=0.542), the small sample size may be

influencing that result.

6.10 Cultural Practices
6.10.1 Diet

The occurrence of scurvy is directly tied to the diet of an individual or a population (Fain
2005). The question remains whether possible food sources would be enough to provide the
inhabitants of Seh Gabi with enough daily vitamin C. There is archaeological evidence, either
from the site itself or similar sites in the same region, to at least partially reconstruct dietary

sources of nutrients.
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At Seh Gabi, there is evidence for cultivated grains in their diet with storage rooms built
into structures (Hamlin 1973, 1974). A stable isotopic analysis of human bone found their diet
was largely based on a C3 terrestrial diet throughout the occupation (Scott 2018). This is
consistent with findings at Godin Tepe (nearby Chalcolithic site) which indicated utilization of
wheat, barley, lentils, chickpeas, and coriander (Miller 1990), (Chapter 2, p. 18). Thus, it is
possible that these resources were being used Seh Gabi as well although it is not possible to
know the volume of what was being eaten.

The grains and legumes mentioned would not have provided much vitamin C in the diet.
Wheat and barley do not contain any vitamin C per cup at all (University of Rochester 2026a, b)
while chickpeas have about nine milligrams (University of Rochester 2026¢) and lentils have
about three milligrams per cup (University of Rochester 2026d). However, if raw coriander
leaves were being utilized in diet, then this would increase levels of vitamin C as it contains
thirty milligrams of ascorbic acid per 100 grams of leaves (Australian Food Composition
Database n.d.). Another possible food source to consider are pistachios and almonds as those
were the dominant forests in the region (Rothman 2011; van Zeist and Wright 1963; van Zeist
1967). Almonds have no vitamin C content (University of Rochester 2026¢) while pistachios
contain very little, about six milligrams per cup (University of Rochester 2026f). It will be noted
that the serving sizes outlined here may not correspond to what a serving size was at the time of
Seh Gabi’s occupation.

Although there are many faunal remains present at Seh Gabi (Hamlin 1973, 1974) it is
unclear which animals and parts of animals were primarily eaten, or how much animal products
were being consumed. Organ meats are a good source of vitamin C, but muscle meats are not as
animals do not store much vitamin C in their tissues (World Health Organization 1999). It was
also discussed in Chapter 2, p. 18, that dairying was possible at Seh Gabi given the faunal
assemblage present, and the evidence at nearby sites, however it is again impossible to know to
what extent this was being utilized and how much was being consumed. Caprine dairy does
contain vitamin C, around 5.5 milligrams per 100 millilitres (Kondyli et al. 2007). Thus, some of
these potential food sources, both plant and animal, would have contained some ascorbic acid.

However, it seems that these potential sources of dietary vitamin C would not have been
sufficient to avoid symptoms of scurvy or scurvy itself at Seh Gabi for most people. The daily

recommended amount of vitamin C intake for adults is 75-90 mg, 40—50 mg for infants, and 15—
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65 mg per day for children (Monsen 2000). This would depend on the volume consumed of
course and what meats were consumed, but based on a serving size of each source, as outlined
above and adding the amount of ascorbic acid from a serving size of each source together,
individuals could receive 0—107 mg per day of vitamin C. This range is reflective of zero to two
servings of the dietary sources described. The middle point of the range, (1 serving of each), 53.5
mg per day is within range for infants. Infants rely on maternal dietary habits for their vitamin C
intake via breastfeeding, and if the mother is lacking in vitamin C, then this translates to the
infants as well (Brickley and Mays 2019). This amount of 53.5 mg per day would be in range for
children as they can survive with less vitamin C than adults and infants (Monsen 2000). The
ascorbic acid associated with two servings would also be in range for children. There are only
possible cases of scurvy in individuals over the age of six months and thus thought to be
attributed more to the individual’s diet rather than the maternal diet (Algahtani 2010; Brickley
and Mays 2019; Brickley et al. 2014; Fain 2005; Maghbooli et al. 2007; Maiyegun et al. 2002;
Mays 2008). With these possible cases it may be more of an individualized reason for the lesions
rather than a societal level dietary issue, given the amount of vitamin C a child needs. However,
this would change with adults for which 53.5 mg would be insufficient and could lead to either
deficiency or some symptoms within a few months of sustained low levels of vitamin C intake
(Brickley and Ives 2006; Léger 2008). If adults were consuming two servings of each dietary
source outlined (107 mg), then this would be in range of required daily ascorbic acid (Monsen
2000). It should be noted that there may have been other food sources which could have
influenced the amount of vitamin C in the diet which have not yet been recorded, reported or
preserved in the archaeological record. Alternatively, it is possible that these plant sources were
not used, and the inhabitants of Seh Gabi were cultivating different crops.

Additionally, there are no probable cases of scurvy in Mound C, the oldest mound.
Mound C had a subsistence strategy which did not utilize animal husbandry (McDonald 1979)
which is different than the temporally later mounds. In Mound C, they could have been
incorporating more hunting and foraging to supplement. This could be reflective a greater
reliance on agriculture and domesticated caprines influencing the amount of probable scurvy in

the later mounds of occupation.
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6.10.2 Weaning

Although the number of individuals over the age of one year at Seh Gabi is limited, Scott
(2018) found that weaning had ceased by 3.3 years, with evidence that several of the individuals
were enriched in °N because of breastfeeding. There was also evidence of breast milk still being
incorporated in diet at 1.6 years of age. It is recommended that dietary supplementation to
breastfeeding begin around the age of six months old (World Health Organization 2023) and
supplementation has been noted as a possibility in the archaeological sample from Ganj Dareh
(Merrett et al. 2021) As most of the Seh Gabi subadults are under the age of one year, it is
plausible that most were not yet completely weaned, and their diet still contained breast milk
(Scott 2018). Additionally, this could mean that if their mother’s diet did not contain sufficient
levels of vitamin C, then the child would also have insufficient vitamin C (Brickley and Mays
2019). Since maternal health and breastfeeding impact an infant, it is also plausible that the
under six-month-old individuals at Seh Gabi were impacted by their mother’s vitamin
deficiency. All the probable scurvy cases occurred in individuals under six months old, therefore,
it can again be postulated that their mothers had scurvy as well (see Table 6.7, p. 89).

However, there is also a possible case of scurvy in an individual (SG4) over the age of six
months who could have been over the age of 1.6 years old, when weaning could have been in
progress (Scott 2018), when they died. In this case, if they did in fact have scurvy, it could be
attributed more to the individual’s diet (Algahtani 2010; Brickley and Mays 2019; Brickley et al.
2014; Fain 2005; Maghbooli et al. 2007; Maiyegun et al. 2002; Mays 2008), rather than strictly

their mothers’ or a combination of the two.

6.10.3 Other cultural practices

Other cultural practices could have impacted infant health. The windowless buildings
found at Seh Gabi (Hamlin 1973, 1974) could potentially lead to vitamin D deficiency through
inadequate sun exposure if children were frequently kept indoors. Additionally, clothing choices
could reduce the amount of skin that sunlight is able to come into contact with, resulting in less
vitamin D synthesis being activated (Hatun et al. 2005). However, since there are no probable
cases of rickets by skeletal lesions represented within the population there is no concrete
evidence of inadequate sun exposure at least through macroscopic and radiographic analyses.

That being said, there are the two cases of interglobular dentin (SG15, SG26) which indicate
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vitamin D deficiency (Merrett 2019) which could be indicative of inadequate sun exposure,

possibly due to the windowless buildings present at Seh Gabi (Hamlin 1973, 1974).

6.11 Comparisons to other Chalcolithic Populations

While Seh Gabi is a relatively unique site given the number of subadults present, there
are few other Chalcolithic sites in the same region for comparison. At Tepe Hissar in Iran, the
remains of 313 adults from different Chalcolithic time periods were assessed and found to have a
prevalence of 0-1 % for scurvy and 47-68% for osteomalacia respectively (Afshar 2016). This
varies greatly from what was seen in the Seh Gabi population. However, this could suggest that
the prevalence of rickets may have been higher than what was visible macroscopically among the
Seh Gabi subadults. A subadult aged to be around one year old from the Chalcolithic occupation
at Aswan, Egypt was found to have scurvy which was thought to be related to maternal health
status and breastfeeding (Pitre et al. 2016). While this study does not give us a population level
assessment, it confirms that scurvy was present in subadults during the Chalcolithic, indicating
that the probable scurvy at Seh Gabi could be related to maternal health. Further afield, in
Europe a case of comorbid rickets and scurvy was identified in one complete subadult skeleton
(about six years old) at the El Portalon site in Spain (Castilla et al. 2014). While there are no
population level prevalences with which to compare Seh Gabi, this study does show that
comorbidity of the two vitamin deficiencies during the Chalcolithic was present.

A Neolithic site which can be compared is Ganj Dareh, Iran. Ganj Dareh is also located
in the Central Zagros Mountains but unlike Seh Gabi, it is not located in a rain shadow and no
individuals had visible osseous evidence of cribra orbitalia or scurvy (Merrett 2004, 2006) unlike
what was seen in the subadults from Seh Gabi.

These sites illustrate that metabolic bone disease prevalence varied between different
sites during the Chalcolithic and earlier Neolithic periods. However, the prevalence at which
probable scurvy was experienced at Seh Gabi is much higher than these other sites and is unique

which could be due to a variety of factors like diet and location.

6.12 Implications for Modern Iranian Groups
Vitamin deficiencies are commonly experienced within the modern Iranian population

due to both diet and cultural practices. In modern groups, diet varies seasonally, especially in
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rural areas (e.g., Toorang et al. 2013). These rural and remote communities in Iran, in locations
like Seh Gabi, may not have the same access to fresh produce as those in major cities (Sarraf et
al. 2005). Additionally, this can be exacerbated by the high cost associated with imported fresh
produce which not everyone may be able to afford. Other options such as vitamin C supplements
may be more accessible depending on factors like socioeconomic status (Ghodsi et al. 2023). As
seen with Seh Gabi, diet and nutritional deficiencies impacted the health of past populations; this
patterning could also be applied to understanding the impact of diet in a modern context. With
intensive agriculture, like that seen at Seh Gabi, there is an increased reliance on cultivated
products and a more sedentary lifestyle (Flannery 1971; Larsen 1995; McDonald 1979; Melville
1984) which could lead to an increased susceptibility to disease (Larsen 1995; Rowan and
Golden 2009; Sener et al. 2026). Many of the same factors that affected past populations
continue to be an influence on modern populations health. However, measures like vitamin C

supplementation can ameliorate deficiency.

6.13 Limitations of the Study

There are numerous limitations which impacted the accuracy of identifying features of
scurvy and rickets and then making interpretations from them. Firstly, the sample population is
comprised of very young individuals. Differentiating between normative new bone formation
and pathological change presents its own challenge as this is a time when the skeleton is
undergoing massive amounts of growth and development. Given this, lesions were only
identified as such when they were obvious. Additionally, there may be cases of comorbidity of
diseases in this population which were not identifiable macroscopically given that both scurvy
and rickets inhibit the other’s expression (Brickley et al. 2020a; Brickley and Morgan 2023;
Follis et al. 1940; Fouron and Chicoine 1962; Schattmann et al. 2016). Post-mortem damage was
an issue encountered, with some individuals having widespread post-mortem damage across their
remains which could have obscured the presence of lesions. Thus, there is a possibility that there
are lesions present in this population which were not visible macroscopically either due to
cooccurrence or post-mortem damage. Additionally, it is possible that some individuals had
scurvy or rickets during life, but the skeletal elements impacted were not present in the
archaeological record, or that the disease had not progressed to their skeleton at the time of their

death. As such, the prevalences noted within this thesis are minimal estimates of prevalence.
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There are also limitations in terms of interpretations for this study. For one, there is
limited information available about diet at Seh Gabi, which impacts interpretations as to why
lesions are present and what those lesions meant for the population. Different food sources have
different implications for vitamin C consumed, and thus the likelihood of deficiency or
symptoms experienced. Also, there are no adult remains present for assessment, so assumptions

are made when it comes to what these lesions in subadults mean for the adult population.

6.14 Summary

Among the subadults of Seh Gabi, lesions were visible on their skeletal remains. Most of
these lesions occurred on the crania and were most associated with scurvy. The framework of
probable and possible diagnoses led to the identification of three probable scurvy cases, or 10.7%
of the sample. Another 39.3% of the population were identified as possible scurvy cases. Based
on the prevalence of probable scurvy within and between mounds, it appears that the prevalence
of probable scurvy increased through time. While no probable cases of rickets were identified
within this diagnosis framework, there were two possible cases, or 7.1% of the sample. Both
possible rickets cases were also possible cases of comorbid rickets and scurvy. The prevalence of
possible rickets cases decreases through time, based on the mounds of occupation. It was noted,
however, that in a microscopic analysis two individuals were identified as having experienced
interglobular dentin, indicating vitamin D deficiency (Merrett 2019), although this was not
visible macroscopically.

The influencing factors of location, maternal health, and diet were discussed. The site’s
location in a rain shadow (a marginal zone) could have influenced nutrition as it would have
impacted farming practices. A rain shadow is an arid area, meaning there is less moisture
available for crops, and thus a reduced level of micronutrients in soils. Given the relatively lower
number of micronutrients and organic matter in the soils associated with this type of environment
(Moreno-Jiménez et al. 2019) this could have led to lower crop yields overall at Seh Gabi. Thus,
potentially resulting in dietary deficiencies, if there are not resources to provide adequate
nutrition for the entire population.

Maternal health could have also contributed to dietary deficiencies. If a mother was
vitamin deficient during pregnancy or during breastfeeding, this could impact the infant’s health

as well (Algahtani 2010; Brickley and Mays 2019; Brickley et al. 2014; Fain 2005; Maghbooli et
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al. 2007; Maiyegun et al. 2002; Mays 2008). Thus, it is likely that the mothers of the infants who
had probable scurvy, were likely to have experienced scurvy themselves. The possible diet
sources at Seh Gabi were discussed and shown to have probably reflected insufficient vitamin C
intake. However, the volume of food being consumed is unknowable, and there is the possibility
that other food sources were being utilized which are not recorded, reported, or present in the
archaeological record. The prevalence of probable scurvy for this population (10.7%) appears to
be higher when compared to other Chalcolithic sites in the region (0-1%) (Afshar 2016).
Investigating vitamin deficiencies in the past could provide a way to understand disease

patterning in the present and inform ways to counteract scurvy and rickets.
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Chapter 7: Conclusion

Seh Gabi, Iran is an Early to mid-Chalcolithic site located in a rain shadow and thus a
marginal zone (Henrickson 1983; Kramer 1982; McDonald 1979; Moreno-Jiménez et al. 2019;
Zohary 1973). A rain shadow is an arid area with the environment affected by the location of
mountains, with less moisture and a reduced level of micronutrients available for crops (Moreno-
Jiménez et al. 2019). This site is comprised of seven mounds of occupation, which were mainly
occupied during the Chalcolithic. Recent estimates place the Chalcolithic as having occurred
through 7450 to 5150 cal B.P. in Iran (Matthews and Fazeli Nashli 2022).

Thirty-two subadult skeletons were excavated from Seh Gabi (Hamlin 1973, 1974).
Radiocarbon dating of skeletal material directly ties the period of occupation from 6850+50 cal
B.P. to 5070+30 cal B.P. (Lazaridis et al. 2016; Narasimhan et al. 2019). The inhabitants of Seh
Gabi used intensive cultivation coupled with limited pastoralism, and foraging to supplement
their diet as their means of subsistence (Henrickson 1985b; Kramer 1982; McDonald 1979). The
location of Seh Gabi in a marginal zone, coupled with their subsistence method and increased
population density during this period in the region would have led to an increased reliance on
cultivated products (Flannery 1971; Larsen 1995; McDonald 1979; Melville 1984). This reliance
could have had a direct impact on the population of Seh Gabi’s susceptibility to dietary stressors
including nutritional deficiencies.

Due to these factors, an overview of metabolic bone diseases which are known to exist in
antiquity and to affect subadults was provided. There are, of course, other metabolic bone
diseases (i.e., pellagra, osteoporosis and osteopenia, Paget’s Disease, hyperparathyroidism,
hypophosphatasia, osteopetrosis) which were not discussed due to being rarer in children
(Arumugam et al. 2015; Cleveland Clinic 2024; Genetic and Rare Diseases Information Center;
Naveen et al. 2013; National Institute of Arthritis and Musculoskeletal and Skin Diseases;
Walczyk et al. 2011). It was noted that in a differential diagnosis these diseases should still be
considered, where applicable (see Chapter 6). This overview included tables identifying which
lesions could be associated with each disease (see Tables 3.1 and 3.2, p. 49-51). In modern Iran,
scurvy could be common due to limited diet breadth (Hahn et al. 2019), and Iran has a history of
food scarcity and famine (Afkhami 2019; Kazemi 2016). Additionally, rickets is known to be
widespread in Iran (Jokar et al. 2008; Mithal et al. 2009; Vatandost et al. 2018).
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To determine if any lesions were present on the skeletal remains of the subadults, a
macroscopic visual analysis was undertaken. Three individuals were removed from statistical
tests of these common lesions as their age estimates placed them as much older than the majority
of the population (SG29, SG30, and SG32). One other individual (SG31) was removed from
statistical tests as an age estimate was not possible. Based on this macroscopic visual analysis,
common areas where lesions were present were identified within the population which consisted
of either porotic changes, subperiosteal new bone formation changes, or a combination of both.
Only one of these common areas (orbital roof porosity) had a statistically significant difference
between the over and under six months old age groups, with more individuals in the over six
months category having the lesion present. There were also signs of non-specific stress on some
of the individuals in the form of linear enamel hypoplasia.

The sample of 28 subadults were macroscopically assessed for any lesions, and then a
differential diagnosis was completed. The majority of lesions seen were present on cranial bones.
Of the most commonly occurring lesions, there were links to scurvy, rickets, anaemia, pellagra,
and osteopetrosis. However, the lesions seen are most typically linked to scurvy. From these
subadult human remains it has been shown that 10.7% of the population sample experienced a
probable metabolic bone disease due to vitamin C deficiency within their lifetime. The most
recent mounds (Mounds F and A) had the highest prevalence of probable scurvy, while the oldest
mound (Mound C) had the lowest prevalence of probable scurvy. Thus, it appears that cases of
probable scurvy are increasing through time. These cases of probable scurvy could be a result of
diet, the vitamin C status of mothers, or cultural practices. Given that all the probable cases of
scurvy are in individuals who are under the age of six months, their lesions are likely linked to
their mother’s nutritional status while they were pregnant (Algahtani 2010; Brickley and Mays
2019; Brickley et al. 2014; Fain 2005; Maghbooli et al. 2007; Maiyegun et al. 2002; Mays 2008),
which could have been impacted by insufficient intake of ascorbic acid. Additionally, at Seh
Gabi, weaning has been shown to not be complete until 3.3 years of age (Scott 2018). If a mother
continued to have scurvy while breastfeeding this would impact the infant (Brickley and Mays
2019). Although there were no macroscopically identified cases of probable rickets, two
individuals (SG15 and SG26) have been identified as having interglobular dentin present in a
previous microscopic study (Merrett 2019), which is linked to the onset of vitamin D deficiency

(D’Ortenzio et al. 2018). It is possible that more of the sample experienced vitamin C or D
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deficiency than what was visible macroscopically, as both metabolic bone diseases can mask the
other’s presentation. The results of this study suggest that Seh Gabi was unique in its experience
of a high level of probable scurvy when compared to other contemporaneous sites. This was then
explored in terms of population health, and in turn how this could inform understandings of
metabolic bone disease and nutritional deficiencies in modern Iranian populations, especially
those who live in rural areas that could be compared to the location of Seh Gabi. However, |
believe that through further research there is still more to learn from Seh Gabi.

In terms of future research on metabolic bone disease in this population, ancient DNA
analysis (aDNA) could provide further understanding of the represented population
demographics by providing sex estimations. These sex estimations could give insight into any
correlations between sex and both probable scorbutic individuals and possible comorbid (scurvy
and rickets) individuals. However, it will be noted that aDNA is not always successful and can
be quite destructive.

There is still more to learn from the skeletal remains themselves as well. It seems that
several individuals have a healed or healing clavicular fracture, and research into why this is the
case, could be useful. While Seh Gabi is unique in its prevalence of scurvy, it would be helpful
to see if this extends to other conditions, like interglobular dentin. Further studies could be done
to see if interglobular dentin is present in more individuals to refine the prevalence of vitamin D
deficiency, as individuals may not have lived with rickets long enough to see it on their skeletal
remains. If there are more individuals that are identified as having interglobular dentin, it would
be interesting to see if there is overlap with genetic predispositions. Additionally, comparison
studies between disease patterning between Seh Gabi to other temporally and geographically
related sites could provide further insight. Perhaps Seh Gabi was unique in that the population
had higher levels of genetic predisposition to scurvy whereas at another site with a lower genetic
predisposition but similar diet and location there could be a lower prevalence of scurvy.

While there is not much erupted permanent dentition present in the skeletal remains
associated with Seh Gabi due to the age of most of the individuals, the adolescent (SG32) has
permanent dentition which showed signs of wear and potential caries. A specific study on
SG32’s dentition and how that could relate to diet (i.e., grains and dairy) would also provide
more insight into the practices of the population. Caries and dental calculus can stem from

carbohydrate-rich foods, like cereals (Santiago-Marrero et al. 2025). Additionally, sometimes
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micro botanicals like phytoliths and starch grains can be recovered from dental calculus
(Santiago-Marrero et al. 2025). If micro botanicals are present in any dental calculus that SG32
might have and can be identified, these micro botanicals could provide further insight into the
plants consumed at Seh Gabi.

Studies into the cultural materials would be beneficial as well. Research into the
associated funerary objects, burial type, and burial positioning could provide more insight into
the cultural practices associated with the different mounds, and thus time periods of site
occupation. Perhaps this could also inform understanding into information and material culture
dissemination across the broader area of the Eastern Fertile Crescent. As well, further faunal
assessment could provide more information about diet and subsistence at this site. For example,
if there are certain patterns of butchery and burning present among the faunal assemblage this
could provide insight into which animals were being preferentially consumed at Seh Gabi.
Finally, residue analysis on the ceramic wares from Seh Gabi could indicate what was stored in
the vessels, and inform our understanding of diet, including dairy (e.g., Casanova et al. 2026),
plant, and animal consumption (e.g., Morton and Schwarcz 2004; Taché and Craig 2015; Taché
et al. 2019). Improved understanding of diet could help inform interpretations as to why vitamin
deficiency was experienced at Seh Gabi.

In summary, it is likely that vitamin C deficiency was experienced by the inhabitants of
Seh Gabi. This study identified three cases of probable scurvy, along with nine additional cases
of possible scurvy and two cases of possible comorbid scurvy and rickets in the subadults from
Seh Gabi. Further research into aDNA, diet, and indicators of rickets are highly encouraged as
these could further our understanding of disease at Seh Gabi, and interpretations as to why the

prevalence of vitamin C deficiency was so high at this Chalcolithic site.
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Individual #

Cranium

Teeth

Vertebral
Column

Rib Cage

Shoulder Girdle

Arms

Legs

Pelvic Girdle

Hands

Feet

Notes

P. NBF on right
& left malar
ectocranial
surface. NBF on
right temporal,
squamous
portion. Clumped
porosity on
basiocciput. New
growth on right
alisphenoid. NBF
on right maxillary
pieces & left
maxilla
(ectocranial).
Slight porosity
right orbit.
Reconstructed
vault frags have
porosity on the
endocranial
surface.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Spongey NBF

N/A

N/A

N/A

N/A

N/A

P. Possible
odd flaring at
distal end.
Post-mortem
damage on left
radius cortical
bone.

P. fracture
lines or post-
mortem
damage on x-
ray of femur?

N/A

N/A

N/A
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
P. Porosity &
NBF basiocciput
(Clumped).
Porosity on the
palatine process
of the left
maxilla. SPNB
across the
ectocranial
surface of the P.3-27
right & left (lower right
temporal. NBF on | deciduous
the ectocranial canine w/
surface of the left enamel
parietal, shelf- defect buccal
3 like. surface). N/A N/A N/A N/A N/A N/A N/A N/A
P. Left
4-17 fairly humeral
worn down. bowing, no
Upper left right present P. Left
incisor 1 has for femoral
a line across PMD & comparison. metaphyseal Box 36 (long bone frag.s) has
it, not LEH. missing Left radius has distal flaring missing cortical bone & P-M
Lower right cortical bone Left clavicle with white line of and a White damage. General porosity
DI4 has a lot on cervical pronounced Fraenkel on line of throughout. Has a Wormian
4 N/A of wear. arches. N/A curvature. the distal end. Fraenkel. N/A N/A N/A bone.
P. Porosity &
NBF on endo &
ectocranial
surface right
temporal. NBF on
5 left exoccipital. N/A N/A N/A N/A N/A N/A N/A N/A N/A
NBEF on frontal &
facial bones but
not necessarily
pathological.
Right palate
process maxilla
(2) w/ NBF. NBF NBF on right
on lesser wings of Striations on ulna. NBF on
sphenoid but not Porosity on ribs left radius but
necessarily lumbar neural indicators of not pathology. New growth
abnormal given arches, normal NBF left ulna on left
6 age. N/A normative. growth. N/A non-path. N/A ischium. N/A N/A
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
P. Enamel
defect
UPDI1,
lingual
surface.
Upper right
P. Clumped DC has
porosity on hypoplastic
basiocciput. Some | defect at the
porosity and new crown tip &
growth on left & a line across Right ilium Mid
right alisphenoid. the centre of missing phalanges
Porosity & new the tooth. cortical bone. missing
growth right Poor enamel Taphonomy cortical bone.
exoccipital. New formation tip P. Right clavicle right ischium. Lst left
growth on orbital hypoconid, has a bump in P. New metatarsal
roofs, shelf-like lower right middle of growth on appears 32-86 (long bone frag.s)
7 (SPNB). DP3. N/A N/A diaphysis. N/A N/A right ilium. N/A hollowed out. missing cortical bone.
P. Widespread
porosity
basiocciput.
Porosity & NBF
left maxilla,
superior surface. New bone
Some new growth Left scapular growth left
on inferior left NBF. NBF humerus on
maxilla. leaning towards the anterior
Porosity/NBF on shelf-like surface of
cranial frag.s appearance but diaphysis
(most in range of not completely within normal
8 normal though). N/A N/A N/A there. range though. N/A N/A N/A N/A
P. SPNB right
orbit, porosity.
Some porosity on
left orbit but not New bone
to extent of right. growth left New growth at
NBF/porosity P. Left scapula radius but not distal end of
maxillae (superior has porosity on necessarily right femur but
9 & inferior views). N/A N/A N/A the ridge. atypical. normal. N/A N/A N/A
P.NBF &
porosity left orbit.
Changes in right
orbit but not as
much as left.
Possible infection
in pituitary fossa
10 of basisphenoid. N/A N/A N/A N/A N/A N/A N/A N/A N/A Possible cranial deformation.
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
P. Note about
subperiosteal
haemorrhage
on all long
bones. Right
ulna has
evidence of
NBF along
diaphysis &
post-mortem
damage. NBF
right humerus
Post-mortem & post-mortem | P. Note about
damage has damage. NBF subperiosteal
removed cortical & post-mortem | haemorrhage
bone on cranium. damage on left on all long
P. SPNB Left humerus; bones. Left
petrous & partial potential slight | tibia has NBF
squamous of curvature & post-
temporal has a outwards. Left mortem
sheet of new radius has damage
growth like a post-mortem (posterior &
layer, post- damage & anterior) along
mortem damage. NBF/growth, diaphysis. Left
SPNB Right P. Left clavicle possible femur has P. P.
petrous & partial has NBF & curvature to NBF. Right Metacarpals Metacarpals
squamous of perhaps odd diaphysis. femur has or metatarsals or metatarsals
temporal. NBF curvature. Right Right radius NBF & post- have NBF have NBF
around perimeter clavicle has NBF has NBF on mortem across across Noted clavicle x-rays appear
11 of orbits. N/A N/A N/A & swollen shaft. diaphysis. damage. N/A diaphyses. diaphyses. to have odd bend to them.
P. Weird bend to
clavicular x-ray.
Right clavicle has
an odd bend;
PMD to cranium. notes indicate
P. Porosity in healing fracture P. Porosity &
orbits; more in (bowed dorsally PMD right NBF left
12 right than in left. N/A N/A N/A sternal end). radius. N/A ischium. N/A N/A Widespread PMD.
P. New growth PMD - scratches on cortical
13 N/A N/A N/A N/A N/A N/A on left tibia. N/A N/A N/A surfaces
Crazing
upper left
DP3, lower
left DP4,
upper left
DP4. P.
Upper right
DIl with
P. Left orbit inner slight
surface has NBF shovelling.
& porosity. Upper right
Cranial frag.s DP4 with
have porosity & enamel Normal new
NBF. Porosity defect & P. Odd curvature growth on Widespread PMD, trowel
14 maxillae. crazing. N/A N/A to left clavicle. N/A tibiae. N/A N/A N/A marks.
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
P.
Shovelling
on upper left
DIl, DI2;
upper right
DIl, DI2.
Lower left
DC pit on
buccal
surface. P. Clavicles look
Upper left odd in x-rays. PMD left
DC Left clavicle is femur,
hypoplastic larger than the possible Harris
defect on right & has weird lines visible Possible cranial
15 N/A crown. N/A N/A shape. N/A via this PMD. N/A N/A N/A deformation/modification.
P. Porosity
inferior right
malar. Slight
porosity right
orbit. Cranium is
oddly
elongated/bulbous
- at least 2
Wormian bones
(from lab notes).
Porosity cranial
frag.s.. New
growth/porosity
on left maxillary
frag (near
palatine).
Porosity/new
growth left
exoccipital.
Porosity on right
parietal frag.s;
parietals in
general. Porosity
on frontals,
endocranial
surface lumpy.
Porosity on the
ectocranial & P. Both clavicles
endocranial robust for this
surface of age. May be well
occipital. Slight healed fracture,
porosity strange dent 1/3
consistent across acromially on left PMD on x-rays. Wormian
16 the cranium. N/A N/A N/A clavicle. N/A N/A N/A N/A N/A bone. Hydrocephalus.
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
Widespread PMD. Normal -
no pathological lesions; not
17 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A many remains.
Alot of
striations on P. Right scapula
ribs which very thin w/ NBF
may be on the ridge & Left & right
normal - anterior surface. femur have
nothing else New growth on almost no
to compare posterior (internal medullary
to for this facing) surface as cavity in x-
18 N/A N/A N/A individual. well. N/A ray. N/A N/A N/A
0Odd bend to
Odd bend to femora along
radii w/ lack of | w/ lack of
medullary medullary
cavity in x- cavity in x-
PMD left rays. Humeri rays.
Ribs thin w/ clavicle. Outward very thick at Thickness of
striations growth visible on epiphyseal one of the X-rays show very small
19 N/A N/A N/A (growing). left scapula. ends. femora. N/A N/A N/A medullary cavities.
P. New bone
growth/porosity
basiocciput
posteriorly. New
growth/porosity
basisphenoid,
SPNB. Outward Very narrow medullary
growth on New growth cavities in x-rays. New
unidentified on diaphysis growth on the unidentified
20 cranial frag.s. N/A N/A N/A N/A N/A of tibia (2). N/A N/A N/A frag.s.
Teeth P. New growth
normal; left scapula,
P. Porosity on some crazing SPNB. Also,
right alisphenoid visible on growth on the
on the ectocranial upper right right but not as
surface. New DI2, upper much it appears
growth and left DII, and but also PMD
porosity on left lower right which makes it
21 partial maxilla. DI2. N/A N/A hard to judge. N/A N/A N/A N/A N/A PMD on some elements.
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
Enamel
defect on
distal surface
of lower
P. Inferior surface | right DII.
of the left maxilla Enamel
has shelf-like new | defects on
growth (SPNB) upper left
and porosity. DI1, upper New growth
Shelf-like new right DI1, sacral neural
growth (SPNB) and upper arches but
ectocranial left DI2 believed to be Pot burial. Left nasal looks
surface both (labial in range of possibly burnt due to
22 temporals. surface). normal. N/A N/A N/A N/A N/A N/A N/A discolouration.
Crazing on P. A lot of
6-2, 6-4 P. Healed left new growth
which is clavicular patterning on
normal fracture; lot of left fibula,
indication of growth & texture which is Pot burial. Notes indicate
growth. P. to it; looks like concentrated possible 2nd individual due to
P. Porosity/new Shovelling has a bony callus. on the presence of 2 left pubises.
growth on left & on 5-2, 5-1. Odd shape to both diaphysis, very Some growth on misc. frag.s.
right maxilla, Possible clavicles. Right slight bend. A lot of blood vessel
specifically very enamel clavicle not as The left fibula impressions on the
porous in the defect on 7- thick & has less is smaller than ectocranial surfaces of the
23 palate areas. 1. N/A N/A growth. N/A the right. N/A N/A N/A cranial bones.
Signs of
growth on
ribs but falls
in line with
what is seen
on other
individuals
in
24 N/A N/A N/A population. N/A N/A N/A N/A N/A N/A Very fragmentary.
Third
Teeth trochanter Taphonomic
P. Spongey new normal; right & left changes to
growth & crazing on 8- femur (not distal
porosity on right 5,7-3,8-3, path but a non- phalanges PMD on x-rays. Grave highly
25 orbit. 7-4, and 8-4. N/A N/A N/A N/A metric trait). N/A (box 62). N/A disturbed, lots of frag.s.
P. New
growth/porosity
left scapula,
P. Slight amount specifically
of new growth growth in the
mandible supraspinous
fragment; double fossa and slight B/14 (distal end of
socket appearance porosity on the unspecified long bone)
26 to tooth sockets. N/A N/A N/A infraspinous. N/A N/A N/A N/A N/A missing all cortical bone.




140

Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
Some porosity
lateral mass of
sacrum; some
larger holes
may be
taphonomy
related.
P. Porosity in left Porosity on
orbital socket sacral
which looks like Crazing on vertebrae
new bone deposit 8-5 & 5-5.P. | neural arches
that doesn't look Enamel which may be
like it goes into defect on 8- part of normal
27 the diploé. 3. development. N/A N/A N/A N/A N/A N/A N/A No x-rays for this individual.
Teeth
normal;
crazing on 4-
1, 3-1.
Lower right
& left M1
has normal
P. Porosity/new outward
growth in left growth Fair amount of PMD over
28 orbit. (prisms). N/A N/A N/A N/A N/A N/A N/A N/A whole skeleton. Pot burial.
Harris lines, LEH, LHPC
P. Localized noted in paperwork. Harris
hypoplasia lines potentially visible via x-
primary rays of long bones. Possible
canines. P. Possible 2nd individual due to smaller
LEH 4-3, 3- Harris lines (x- size of a second right maxilla.
1, 3-3,4-6, ray) distal left Widespread PMD. Simple
29 N/A 3-6,2-1,2-3. N/A N/A N/A & right radii. N/A N/A N/A N/A inhumation, not a pot burial.
Crazing on
non-erupted
teeth. P.
LHPC in P. Bit of new Note of LHPC. Fair amount
mandibular growth side of of associated faunal remains
30 N/A canines. N/A N/A right clavicle. N/A N/A PMD pelvis. N/A N/A w/ this individual.
A lot of faunal remains -
perhaps not a full burial but a
31 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A midden. PMD on frag.s
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Vertebral
Individual # Cranium Teeth Column Rib Cage Shoulder Girdle Arms Legs Pelvic Girdle Hands Feet Notes
Notable
wear on
incisors.
Wear on
lower left
P3, lower
left 12, lower
right I1. In
situ teeth
P. Porosity (maxillae &
around nasal hole mandible)
& teeth in have a good
maxillae; porosity | amount of PMD 177 (not indicated on
in the sockets & wear. P. inventory what bone this is).
on palate area as Caries lower Burial in a thick deposit of
32 well. right M3. N/A N/A N/A N/A N/A N/A N/A N/A ashy trash.
Table A.1. Legend

PMD = post-mortem damage

NBF = new bone formation

SPNB = subperiosteal new bone formation
SPH = subperiosteal haemorrhage
P = pathology, with list of lesions following.




Appendix B: Metabolic Bone Disease Pathology Tables & Brief Discussion

SG1

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o General porosity Diffuse osteosclerosis of the Increased weight of o Lightness/fragility to
Skeleton Abnormal growth Osteopenia (Thal.) appendicular & axial bones bones
plates Large bony masses skeleton Increased thickness of o Fractures
(Thal.) Increased cortical & cortical bone o Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia _ Cribra orbitalia o Elongated orbits
o Thinning of trabecular
& cortical bone
Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing Cranial vault porosity A lot of subperiosteal o Expanded cranial vault
o the greater Deformed Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
- zygomatics (Thal.) facial bones (Caffey’s)
Obliterated sutures in Osteal bulges
o alate the cranium (Thal.) Irregular thickening of
o _ internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition Protruding upper Linear enamel hypoplasia o Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring Slight expansion of the A lot of subperiosteal
ribs new bone formation,
Perforated cortical most commonly on ribs
bone in ribs (Thal.)
Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave Long bone porosity o Long bone bowing with
o the scapulae curvature of long Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone o Narrowing of long bone
long bones Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis Ilium concavity
Legs Porosity on: Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
Long bone Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped
sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG1’s lesions that could be associated with scurvy are the porosity seen on the right orbit, the cranial vault fragments, facial bones,

and basiocciput. Additionally, the NBF on the zygomatics, right temporal squamous portion, right alisphenoid, maxillae, and the left

mandible could also be associated with scurvy. This NBF could be associated due to its shelf-like and spongey appearance as well as

its irregular-like patterning.

The cranial vault porosity and slight porosity in the right orbit could also be associated with anaemia. The orbital roof porosity

could also be associated with rickets, but this is a non-diagnostic feature of the illness. Additionally, only one criterion is not enough

for a diagnosis.



SG2

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
Metaphyseal bones
trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
Fraying of epiphyses bones
Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG2 demonstrates very faint White Lines of Fraenkel in their left radial and tibial radiographs. However, this indicator is not

diagnostic or probable. It is possible that SG2 died prior to any changes associated with MBD could be made to the skeleton.



SG3

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of o Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of o Fractures
(Thal.) Increased cortical & cortical bone o) Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia o Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing A lot of subperiosteal o Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
zygomatics (Thal.) facial bones (Caffey’s)
facial bones o Obliterated sutures in Osteal bulges
the cranium (Thal.) Irregular thickening of
internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia o Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity o Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone o Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)




149

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Fraenkel
o Wimberger’s ring
o Pelkan’s spurs

trabecular
coarsening

Fraying of epiphyses
Distinction at the
end of the epiphysis

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones

Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG3 has lesions which could be related to MBD. The left temporal exhibits NBF on the ectocranial surface. The right parietal

of SG3 also has new growth which looks like that seen in the temporals. However, the new growth on the right parietal is not across

the entire ectocranial surface, rather it occurs mostly adjacent to the suture lines. SG3 also exhibits some porosity, although not in the

orbits. There is clumped porosity on the posterior surface of the basiocciput. On SG3’s left maxillary palatine process, porosity is

present. On SG3’s lower left DC there is an enamel defect on the buccal surface. There are no radiographic indicators in SG3.

The porosity and SPNB on the cranial bones, palate, and basiocciput seen in SG3 could be related to scurvy. SG3 demonstrates

a few lesions which are either suggestive or diagnostic of MBD. For one, the left palate porosity is suggestive of scurvy. Additionally,

the cranial vault porosity/SPNB is a non-diagnostic feature of scurvy. As there is only one suggestive lesion and only one non-

diagnostic lesion type, a diagnosis of scurvy cannot be made but it is possible given other lesions are present. The cranial vault

porosity that SG3 demonstrates could also be a non-diagnostic feature of rickets. This one lesion type is again not enough evidence for
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a diagnosis though. It is possible that SG3 lived with a type of MBD, but we do not have sufficient skeletal evidence to give a

diagnosis.

SG4

Macroscopic Indicators

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia | o Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
Arms Porosity on: o Porosity in concave o Long bone porosity _W
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
(Thal.)
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o o Exaggerated sulci on
femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium Hair-on-end
appearance cranium
Undeveloped sinuses
Dentition
Vertebral Column Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
Metaphyseal bones
trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
Fraying of epiphyses bones
Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG4 is an individual with widespread post-mortem damage (PMD). SG4 has general porosity throughout their skeleton. The

lower right deciduous incisor (DI)4 has a lot of wear, which is not necessarily pathological but interesting to note given this

population’s method of subsistence and the temporal range of the site. The upper left DI1 has a line across of it but does not have the

same appearance as a tooth with linear enamel hypoplasia. Rather this seems to be a demarcation of discolouration. SG4’s left clavicle

has an extreme curvature to it but only a partial right clavicle is present, so a complete comparison of clavicles in this individual is not

possible to determine if this is purely individual variation. The left humerus appears to be displaying some bowing, but the right

humerus is not present for comparison. SG4’s left femur demonstrates metaphyseal flaring on the distal end and a white line of

Fraenkel. Additionally, the left radius seems to also display a white line of Fraenkel on its distal end. It is also interesting to note that

SG4 had one Wormian bone.
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With SG4’s lesions there are a couple of MBDs possible. SG4 has lesions which align with rickets: general porosity and the
bowing of left humerus. However, it is more likely if this is a bilateral change, and there is no right humerus present with SG4’s
remains. It is also important to note that this becomes more probable when there are multiple bones affected, and in this case, there is
only one. As well, the metaphyseal flaring of the left femur is consistent with rickety lesions. This can also be suggestive of scurvy.

Another possibility is that of anaemia due to SG4’s porosity, however this is the only lesion they demonstrate which is in line
with anaemia skeletal indicators. The limb bowing that SG4 demonstrates could be associated with hypophosphatasia, as that is an
indicator with that disease. Long bone limb bowing is also associated with OI, but SG4 does not appear to have the associated cortical
thickening that would be demonstrated in an individual with OI. Additionally, the metaphyseal flaring in SG4’s distal left femur could
be associated with osteopetrosis, but the other features of this disease are not present, and this does not occur at the proximal tibia.

SG4’s radiographic indicators could point to a different disease as well. The white line of Fraenkel that SG4 exhibits in both
their left radius and left femur could be related to scurvy as this is a specific scorbutic indicator, which is not associated with any other
MBD. The metaphyseal flaring of the femur could also be associated with scurvy as a suggestive indicator.

SG4 lesions seem to mostly fall in line with rickets as the most likely cause here, as SG4 has the most lesions in common with
rickets. It is unclear how to order hypophosphatasia anaemia, and OI as SG4 has one lesion which aligns with each of these MBD. The
radiographic indicators are specific to scurvy, and it is possible that this individual had more than one disease afflicting them. SG4
does not have enough suggestive or probable indicators to provide a probable diagnosis. It is possible that this individual did have

MBD, but there is not enough macroscopic evidence to support this on their remains.



SGS

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
h zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

new bone formation on their right temporal and new bone formation on the left exoccipital. The endocranial surface of the right

SGS5 is an individual with very few lesions. The lesions that SG5 does have are restricted to the cranium. SG5 has porosity and

temporal has NBF and some porosity across the entire cortical surface. This is repeated on the ectocranial surface as well. This NBF

appears to be restricted to the outer edges of the bone and does not go across the entire cortical surface. There is a cranial vault

fragment which shows slight porosity.

The lesions seen in SG5 could be associated with two different MBDs. One, is scurvy. The porosity on the right temporal

could be associated with scurvy. However, this cranial vault porosity is a non-diagnostic indicator. This is also the case for rickets. On

the other hand, the porosity seen on the cranial vault fragment could be associated with anaemia. However, having only one lesion for

each of these MBDs is not enough to provide evidence for a diagnosis, especially given that it is non-diagnostic. Given that the rest of
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SG5’s remains demonstrate only normative growth and development indicators, it seems to be more likely that MBD was not present

in this individual.

SG6

Macroscopic Indicators

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity o Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) o Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
o Periosteal thickening new bone formation
o Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
o Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper o Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite o Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium Hair-on-end
appearance cranium
Undeveloped sinuses
Dentition
Vertebral Column Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG6 is an individual who mostly exhibits NBF, which is not necessarily pathological. For example, the frontal and facial bones

of SG6 have new growth but it is not pathological. There is NBF on their right maxillary palate process, and on the lesser wings of the

sphenoid. But again, given this individual’s age this is not necessarily pathological. There is also new bone formation on the right ulna

which is mostly concentrated on the proximal end of the diaphysis. However, this again could be normative given the individual’s age.

The left radius and ulna both show NBF as well, but again this appears to be normative. In the left radius the NBF is across the

diaphysis but concentrated at the proximal end. In the left ulna this patterning is repeated. The left ischium also shows new growth as

well which is believed to be normative given the rest of the NBF and new growth patterning displayed in SG6’s remains. In the right

ilium the growth is outward across the whole bone. There is porosity on the lumbar neural arches, but it is also believed to be

normative given SG6’s age. Most of SG6’s skeleton is covered in new growth but given their young age, none of it is deemed to

strictly be pathological or align with any MBD indicators. Due to this, no diagnosis is given.



SG7

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o alate the cranium (Thal.) Irregular thickening of
o _ internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)




162

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Fraenkel
o Wimberger’s ring
o Pelkan’s spurs

trabecular
coarsening

Fraying of epiphyses
Distinction at the
end of the epiphysis

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones

Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG7 demonstrates some PMD and taphonomic changes throughout their skeleton. SG7 has lesions associated with new growth

and bone formation, as well as ones which demonstrate porosity. There are a few lesions on their cranium. For one, they have new

growth patterning on their left exoccipital and temporal. In the left exoccipital this new growth is around the edges of the bones. There

is also new growth on the right exoccipital accompanied by porosity. This new growth and porosity occurs across both the internal and

external surface of the bone. On their basiocciput, there is clumped porosity on the posterior surface. Additionally, there is porosity

and new growth on the left and right alisphenoid. The new growth on the left alisphenoid takes place across the entire external surface

of the bone while on the right alisphenoid the new growth covers about half of the outer cortical surface. Both of SG7’s orbits show

shelf-like new growth across the orbital roof but there is no porosity. In SG7’s shoulder girdle, the left scapula is quite thin.

Additionally, their right clavicle has new growth across the diaphysis accompanied by a bump in the middle of the diaphysis. The left

clavicle is only partial and has PMD, so a complete comparison cannot be made. However, there is new growth on the left’s diaphysis
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but does not appear to be to the same extent as the right. Additionally, there does not appear to be or to have been a bump in the
diaphysis of the left clavicle. In SG7, both of their ulnae show signs of new growth, but neither is pathological. In SG7’s pelvis, the
right ilium demonstrates pathological new growth while the right ilium displays outward new growth on the external surface. This is
repeated on the inner surface, and the new bone formation appears shelf-like in places. On their upper right DI1, there is an enamel
defect on the lingual surface as shown. The upper right DC has a hypoplastic defect on the tip and a line across the centre of the tooth.
In the lower right DP3 the enamel formation is poor on the tip of the hypoconid. There are no pathological indicators on SG7’s
radiographs.

While SG7 has pathological NBF and new growth, these lesions do not necessarily fit into a MBD framework. Their NBF is
not sponge-like and irregular, so these areas are not scorbutic lesions. However, some of SG7’s lesions could be scorbutic like the
porosity seen on the cranial bones and basiocciput. The porosity seen on the left and right alisphenoid is a diagnostic indicator of
scurvy though (as the alisphenoid make up the greater wings). The new growth/SPNB seen on the orbital roofs is also a diagnostic
indicator of scurvy. The presence of these two diagnostic lesions would indicate a probable case of scurvy. None of SG7’s other

lesions line up with MBD indicators.



SG8

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
alate the cranium (Thal.) Irregular thickening of
_ internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

maxilla, there is porosity accompanied by NBF on the superior surface has porosity and the inferior surface has some new growth.

SGS8 has a few lesions. The basiocciput shows widespread porosity on the external surface, except for in the centre. On the left

Additionally, on the various cranial fragments there is porosity and new growth as shown in but most of these fragments display what

would be in the normative range of change though. In the shoulder girdle, the left scapula has porosity around the edges, and NBF
across the posterior surface. This new bone growth almost has a shelf-like appearance. This may be a within normal range outward

growth example. There are no clear indicators of pathology on SG8’s radiographs.

facial bones could be related. Additionally, the basioccipital porosity could also be related to scurvy. The lesions seen on SG8’s

Some of the lesions in which their provenience is clear, could be tied to scurvy. For one, the porosity seen on the cranial and

remains are not associated with any other kind of MBD. The porosity seen on the maxilla is a diagnostic feature of scurvy. But as the

other features are not diagnostic or suggestive of scurvy a probable diagnosis is not made.



SGI

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of o Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of o Fractures
(Thal.) Increased cortical & cortical bone o) Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia o Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal o Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o) cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
the cranium (Thal.) Irregular thickening of
basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia o Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity o Long bone bowing with
h curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone o Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Fraenkel
o Wimberger’s ring
o Pelkan’s spurs

trabecular
coarsening

Fraying of epiphyses
Distinction at the
end of the epiphysis

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones

Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SGY has lesions on their cranium. There is subperiosteal new bone formation and porosity in the right orbit. The hole present

in the right orbit would have been from a bubble of new bone formation, which is since missing. This indicates subperiosteal new

bone formation as it would have been expanding outwards, and not into the diploé. There is also porosity on the left orbit but not to

the same extent as the right. The endocranial surface of both the right and left frontals appears to be normal. There are a few areas of

the cranium which exhibit NBF. NBF occurs on the superior and inferior maxillae and is accompanied by porosity. This extends

across the palate portion of the bone. SG9’s shoulder girdle also demonstrates pathology. The left scapula has porosity along and

inside the scapular ridge, accompanied by new growth on the entire bone. While the new growth in this scapula could be normative,

the porosity inside the scapular ridge is not. There are no lesions present in SG9’s radiographs.

Some of the pathology present in SG9 aligns with MBD. The porosity, and cribra orbitalia, present in SG9 align with scurvy.

The porosity present on some of SG9’s bones (maxillae and left scapular ridge) are all consistent with how scorbutic lesions can
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present in skeletal remains. The lesions SG9 displays also fall into the diagnostic category for scorbutic lesions: maxillary posterior
aspect SPNB/porosity, scapular supraspinous fossa porosity, the orbital roof SPNB, and the maxillary palate porosity. However,
scurvy is not the only MBD in which SG9’s lesions are consistent with. The orbital roof porosity that SG9 has is a non-diagnostic
feature of rickets. SG9’s cribra orbitalia does not align with anaemia as it came outwards of the bone rather than burrowing into the

diplo€. Given that SG9’s lesions align more concretely with scurvy in the number of diagnostic lesions, that seems to be the most
likely MBD that SG9 lived with.



SG10

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & o General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits 770—_ Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG10 is an individual whose lesions are mostly contained to the cranium. One of their lesions is NBF and porosity in their left

orbit along with orbital roof resorption. There are also these changes in the right orbit, but they are not to the same extent as the left.

NBF is present on both temporals. On the left temporal, the NBF occurs around the perimeter of the ectocranial surface and is repeated

in the right temporal. Porosity occurs around the perimeter of the ectocranial surface of the left and right parietal. The occipital

exhibits this pattern as well. None of this NBF on the cranial vault looks out of the range of normal. However, it should be noted that

this individual has possible cranial modification and that could be what is causing the new growth on the cranial vault. This possible

cranial deformation would have to be confirmed by 3D modelling as the bones are warped from time and drying so an accurate

physical reconstruction is not possible. Another lesion of note is that there is a possible infection in the pituitary fossa of the

basisphenoid. There are no radiographic indicators of pathology associated with SG10.
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SG10 has two types of lesions: the changes in their orbits, and the possible infection in their basisphenoid. One disease in

which these lesions align is that of scurvy as the porosity and cribra orbitalia seen in both orbits could be associated. However, these

same lesions could also align with anaemia and pellagra as cribra orbitalia. As well, this orbital roof porosity is a non-diagnostic

feature of rickets. However, as SG10 has one lesion type associated with each of these MBDs, there is no way to know which would

be the most accurate diagnosis. Additionally, one lesion is not enough support for a diagnosis, especially when they are not diagnostic

or suggestive. Given this, no diagnosis is given.

SG11
Macroscopic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o - & o General porosity o Porosity o Diffuse osteosclerosis of the Increased weight of o Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
plates o Large bony masses skeleton Increased thickness of o Fractures
(Thal.) o) Increased cortical & cortical bone o) Osteoporosis
trabecular thickness A lot of subperiosteal
o Periosteal thickening new bone formation
o Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
o Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia | o Orbital roof porosity | o Cribra orbitalia o Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal o Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o) cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper o Linear enamel hypoplasia o Dentinogenesis imperfecta
incisors & overbite o Brown, dis-coloured teeth, &
(Thal.) mottled enamel
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis Ol
General Skeleton o Generalized o Generalized Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium Hair-on-end

appearance cranium
Undeveloped sinuses
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Dentition
Vertebral Column Reduced number of
trabeculae in
vertebrae
Thorax Loss of integrity in
sternal rib ends
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG11 is an individual whose remains are affected widely by PMD. SG11 also has lesions on their cranium. The left petrous

and partial squamous portions of the left temporal demonstrate SPNB that is sheet-like on the ectocranial surface. The right temporal

petrous and partial squamous portions also demonstrate SPNB across the entire ectocranial surface. The NBF also continues across the

endocranial surface, but mostly around the perimeter of the bone. There is also NBF and porosity on the foramen magnum

(basiocciput and the exoccipitals) which appears to have been widespread. However, PMD obscures a lot of the skeletal elements

which could have had lesions present. Cranial fragments also have widespread NBF, but it is not inherently pathological. The orbits of

SG11 demonstrate NBF around their perimeter, there is also NBF on the frontals. The NBF seems to be contained to the perimeter of
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the ectocranial surface for the most part with the frontals. Due to the extent of the PMD it is not possible to tell whether this NBF in
the orbits was pathological or not. It also appears that there may have been trephination on the left and right frontal bosses, as around
these holes there appears to be new growth which may indicate healing. The endocranial surface echoes this. In terms of the shoulder
girdle, the left clavicle has an odd curvature and NBF at both the proximal and distal ends. This odd curvature is also visible in the
radiographs. The right clavicle also has NBF along with a swollen diaphyseal shaft. However, only a partial right clavicle is present so
not many interpretations can be made from it. Moving on to the arms, the right ulna has evidence of NBF along the diaphysis and
post-mortem damage. The NBF associated with the right ulna is concentrated at the distal and proximal ends and is reflective of
subperiosteal haemorrhage. Previous researchers have noted that there is evidence for subperiosteal haemorrhage on all SG11°s long
bones. There is NBF and PMD on both the right and left humerus. The NBF occurs all over the right humerus but is concentrated
around the proximal end. The left humerus also has NBF, but it is more concentrated on the distal end. Additionally, the radiograph of
the left humerus seems to display a new layer of bone growth. Both radii have widespread NBF with the left radius also presenting
with PMD. The left tibia has NBF and PMD both anteriorly and posteriorly on the diaphysis, while the left femur has NBF. On the left
tibia the NBF is widespread across the diaphysis but is concentrated on the distal end on the posterior surface and concentrated on the
proximal end on the anterior surface. The left and right femora have widespread NBF on the diaphysis, with the right having a
concentration on the proximal end. The right femoral proximal end seems to indicate slight subperiosteal haemorrhage as well.
Finally, the metacarpals or metatarsals (it is unclear which they are) have NBF across their diaphyses.

SG11’s lesions only correspond with one MBD, and not all the lesions necessarily fit. The widespread abnormal NBF could be
related to scurvy. Additionally, the bones which demonstrate NBF, which looks subperiosteal haemorrhage-like, could be related. The
widespread SPNB could be related to another MBD, such as hyperostosis, but in those instances, it is most associated with specific
areas of the skeleton in which SG11 does not display SPNB. The SPNB that SG11 demonstrates on the diaphyses of their long bones

is suggestive of scurvy, as is the SPNB in their cranial vault, specifically the temporals. As such, the most likely diagnosis is scurvy.



179

However, the indicators of trephination could be suggestive of a different condition affecting this person in life, as no other individuals

with a possible diagnosis of scurvy display markers of trephination.

SG12

Macroscopic Indicators

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & o General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits 770—_ Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium Hair-on-end
appearance cranium
Undeveloped sinuses
Dentition
Vertebral Column Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

There are a few skeletal regions of SG12 which display pathology. The cranium demonstrated widespread PMD but there are
still distinguishable lesions. Both orbits demonstrate porosity, but this is more extensive in the right than the left. Some of the cortical
bone of the left orbit has been removed via PMD. In the should girdle, the right clavicle has an odd bend to the diaphysis accompanied
by a healing fracture indicated by bowing dorsally at the sternal end. The radiograph of the right clavicle also shows this odd bend. In
the pelvis, the left ischium has both porosity and NBF across the entire bone.

The orbital changes that SG12 has could be related to scurvy but could also be associated with anaemia, pellagra, or rickets.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends




184

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

inherently pathological and is insufficient evidence for a diagnosis of any kind.

In SG13’s remains, the left tibia presents with widespread NBF, which is concentrated at the proximal end. But this NBF is not
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG14 is an individual who displays cranial pathology. For one, the inner surface of their left orbit has NBF, and porosity and

all cranial fragments associated display NBF and porosity. Additionally, there is porosity on the maxillae. This porosity is widespread

across the entire inferior surface. It is more porous on the right maxilla on the palatine process. In terms of SG14’s teeth, there is an

enamel defect on the upper right DP4 The radiographs of SG14 do not indicate any pathology.

A few of SG14’s lesions are consistent with MBD. The porosity on their left orbit (or cribra orbitalia) is consistent with

scorbutic lesions. Their other lesions which are consistent with scurvy are the porosity seen on both their cranial bones (fragments)

and facial bones (maxillae). The palate porosity is suggestive of scurvy, and the cranial vault fragment porosity is a non-diagnostic

feature of scurvy. The cranial vault porosity and orbital porosity are also non-diagnostic features of rickets. However, there is not

sufficient evidence of either scurvy or rickets to make a diagnosis, instead this could be a possible case of both.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

DC (deciduous canine) and a hypoplastic defect on the upper left DC crown. The left clavicle is larger than the right and has a

different shape. The clavicular radiograph displays these abnormalities as well. In the legs, there are possible Harris lines in the left

femur visible due to PMD. Additionally, this individual is another possible case of cranial deformation, but as with the other

SG15 is an individual who has fairly non-specific lesions. On SG15’s teeth there is a pit on the buccal surface of the lower left

individual highlighted, this would need to be confirmed with 3D modelling for accurate reconstruction. This can be seen in the profile

of SG15’s frontals and occipital. If cranial modification occurred it could have triggered the NBF that is seen on the temporals, which

is not necessarily pathological new growth.

The Harris lines on the left femur are a non-specific indicator of stress which could be related with a disease like anaemia or

scurvy or could be due to other stress in this individual’s life. This individual does not display any lesions that are indicative of MBD

or any specific disease, and as such no diagnosis is given.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)
General o Irregular & o General porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits 770—_ Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing A lot of subperiosteal _—
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
alate the cranium (Thal.) Irregular thickening of
h internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG16 has quite a few lesions on their remains. Porosity occurs on the inferior surface of the right zygomatic and slight porosity

occurs on the right orbit. Porosity and NBF is consistent across the entire cranium. There is also new growth along with porosity on

the left exoccipital which occurs across the entire ectocranial surface. Additionally, porosity is present, along with new growth, on the

inferior surface of the left maxilla, near where the palatine. Porosity also occurs on the frontals, on the ectocranial surface. This is also

true for the right parietal fragments and the parietals in general. Porosity is widespread on both the ecto and endocranial surface of the

occipital. Porosity occurs across the associated cranial fragments. The cranium of this individual is oddly elongated and bulbous with

at least two Wormian bones (the Wormian bones being a non-metric trait rather than pathology). Moving on to the shoulder girdles,

both of SG16’s clavicles are rather robust for their age. Additionally, there may be a healed fracture due to a dent being present 1/3

acromially on the left clavicle.
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It is important to note that the odd shape to SG16’s cranium may be reflective of hydrocephalus, due to the enlargement of the
cranium and the resulting oblong expanded shape. An elongated cranial shape also occurs in hypophosphatasia, but there are no other
skeletal indicators to support that diagnosis. As well, an expanded cranial vault is associated with OI but again there are no other
skeletal indicators to support that diagnosis. Other MBD may be indicated in this individual though. The porosity on the cranial bones
(all over cranium, left exoccipital, parietals, occipital), porotic facial bones (inferior right zygomatic, left maxillary fragment, frontals),
and the porosity on the basiocciput could be associated with scurvy. The porosity seen on their inferior maxilla in what would have
been the palatine process area is a feature which is suggestive of scurvy, while the cranial vault porosity is a non-diagnostic feature.
This is not sufficient evidence for a probable diagnosis of scurvy though. The porosity seen in SG16’s orbit could be a non-diagnostic
feature of rickets, but there is no other evidence for a diagnosis of rickets. Anaemia does have some support: cribra orbitalia, and
cranial vault porosity. Cribra orbitalia could also be indicative of pellagra but there is again no other support for this diagnosis. There

is not sufficient skeletal evidence for a probable diagnosis of any MBD.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG17 is an individual with no lesions associated with their remains. There is, however, widespread PMD on their remains and

not many remains are present.



SG18

Macroscopic Indicators

198

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG18’s ribs demonstrate a lot of striations, but this is not necessarily pathological. Rather, this could be normative growth

patterning. However, there is pathology in their shoulder girdle. The right scapula is very thin with NBF along the ridge and anterior

surface. There is also new growth on the posterior surface. An interesting characteristic is that the medullary cavity of both their

femora is nearly non-existent in their radiographs. The lesions associated with SG18 are not indicative of any MBD or associated with

any MBD.



SG19

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends




203

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

In SG19’s ribs there are a lot of striations, but these may be indicative of normative growth rather than a lesion. There is an
odd bend to the radii accompanied by a lack of a medullary cavity in the radiographs. The femora echo what is seen in the radii — there
is an odd bend to them along with a lack of medullary cavity in the radiographs. The humeri are also very thick at the epiphyseal ends
and have new growth. In SG19 there is widespread new growth along with curvature of the long bones which is thought to be due to
this individual’s age rather than being lesions. SG19’s remains also display warping which is due to drying out and age. None of
SG19’s remains display pathological changes, or lesions associated with MBD. As such, a diagnosis is not given as there does not

appear to be anything to diagnose.



SG20

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o alate the cranium (Thal.) Irregular thickening of
o _ internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1

Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe

thinning thinning bones

Metaphyseal Metaphyseal Reduced number of

fractures fractures trabeculae in long

White line of Metaphyseal bones

Fraenkel trabecular

Wimberger’s ring coarsening

Pelkan’s spurs Fraying of epiphyses

Distinction at the
end of the epiphysis

Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe

thinning thinning bones

Metaphyseal Metaphyseal Reduced number of

fractures fractures trabeculae in long

White line of Fraying of epiphyses bones

Fraenkel Distinction at the

Wimberger’s ring end of the epiphysis

o Pelkan’s spurs

Feet

SG20 has lesions in their remains, especially in their cranium. SG20’s basiocciput has porosity and new growth on the
ectocranial surface while the endocranial surface has new growth. There is also new growth and porosity on the basisphenoid which is
sheet-like in appearance and seems to be SPNB. Additionally, unidentified cranial fragments demonstrate outward new growth. In
SG20’s legs, their tibia has new growth along the diaphysis, but this may fall in the normative range.

Some of SG20’s lesions align with MBD. The porosity seen on the basisphenoid along with the basiocciput would align with
scurvy. But these features are neither suggestive nor diagnostic. However, no other lesions align with scurvy or any other MBD. These
two lesions are not a strong enough support for a diagnosis of scurvy. So, SG20 may have had MBD or some other disease but there is

not enough evidence.



SG21

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
Deformed o Thickening of the new bone formation,
mandibular ramus sphenoid, maxillae, & most commonly on
cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
palate the cranium (Thal.) Irregular thickening of
basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG21’s remains contain a variety of lesions. There is porosity on the right alisphenoid on the ectocranial surface. New growth

and porosity occur on the ectocranial surface of the partial maxilla. New growth also occurs on the scapulae but is more extensive on

the left than the right. The left scapular NBF is sheet-like in appearance, which would suggest that it is SPNB. The right also has

extensive PMD. The radiographs associated with SG21 do not display any indicators.

While SG21 demonstrates pathological changes, not all those lesions fit into MBD. Those that do are the porosity seen on the

sphenoid, and facial bones (left maxilla). The porosity seen on the alisphenoid would be classified as a diagnostic scorbutic lesion, as

would the SPNB seen on the left scapular infraspinous fossa. Additionally, the porosity seen on the left maxillary piece around the

infraorbital foramen would be a suggestive scorbutic lesion. These two diagnostic lesions together would support a probable diagnosis

of scurvy. The additional suggestive lesion would add support to such a diagnosis.



SG22

Macroscopic Indicators

210

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Fraenkel
o Wimberger’s ring
o Pelkan’s spurs

trabecular
coarsening

Fraying of epiphyses
Distinction at the
end of the epiphysis

Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones

Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG22 has a few lesions on their cranium. The inferior surface of the left maxilla has new bone growth which is shelf-like and

outward expanding, along with porosity. The right and left temporal both have new growth. On the left temporal, this NBF is

widespread across the entire ectocranial surface, and appears shelf-like in areas. It also occurs on the endocranial surface. The right

temporal shows the same pattern. SG22’s teeth present with enamel defects on the distal surface of the lower right DI1, labial surface

of the upper left DI1, upper right DI1, and upper left DI2. SG22’s radiographs do not display any abnormalities.

Some of SG22’s lesions fall within those associated with MBD. The SPNB seen on the temporals would be considered a non-

diagnostic indicator of scurvy while the porosity on the palate area of the left mandible would be seen as a suggestive scorbutic lesion.

However, only one non-diagnostic feature and one suggestive is not enough skeletal evidence for a probable diagnosis of scurvy. The

lesions seen on SG22 do not align with any other MBD.
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Macroscopic Indicators

213

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o) cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical o Long bone cortical o Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal o Metaphyseal o Reduced number of
fractures fractures trabeculae in long
o White line of o Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs o Fraying of epiphyses

o Distinction at the
end of the epiphysis

Hands
Pelvis
Legs o Long bone cortical o Long bone cortical o Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal o Metaphyseal o Reduced number of
fractures fractures trabeculae in long
o White line of o Fraying of epiphyses bones
Fraenkel o Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG23 is an individual who presents with many lesions upon their remains. Both the right and left inferior maxillary surfaces
have porosity is visible on the palate. SG23 also has a possible enamel defect on the lower left DI1. There is a healed left clavicular
fracture which has a lot of new growth and texture to it which may be the remains of a callus. The right clavicle is not as thick as the
left and exhibits less new growth. The left fibula also has a lot of new growth which is concentrated on its diaphysis, with a slight
bend to the bone. This is different than the right, which has less new growth, and is slightly larger. SG23’s radiographs do show any
pathological indicators.

SG23 only has one lesion which aligns with any MBD indicators. This would be the palate porosity seen on their maxillae.
Palate porosity is a suggestive scorbutic lesion. Additionally, this porosity is not associated with any other MBD. However, only one

suggestive lesion is not sufficient evidence for probable scurvy. As such, no probable MBD diagnosis is given for SG23.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & o General porosity o Porosity Diffuse osteosclerosis of the Increased weight of o Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of o Fractures
(Thal.) Increased cortical & cortical bone o) Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia | o Orbital roof porosity | o Cribra orbitalia o Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal o Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia o Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity o Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone o Narrowing of long bone
long bones diaphyses in comparison
to their length
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Perforated cortical
thickening & bone in long bones
bowing (Thal.)
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
Necrosis of the femoral
head (SCA)
Feet Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis Ol
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG24 is an individual with no lesions, and their remains are very fragmentary.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & o General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits 770—_ Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG25 presents with one type of lesion upon their remains which is spongey new growth and porosity in their right orbital roof.
Radiography does not indicate any lesions. SG25’s lesion are consistent with MBD. The irregular and spongey new bone formation is
consistent with scorbutic lesions but is not a diagnostic feature. The porosity seen in the orbit could also be associated with anaemia,
pellagra, and rickets. Given that there are no other lesions on SG25’s remains, related to MBD or otherwise, there is not sufficient

evidence for any diagnosis.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
h curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG26 presents with a slight amount of new growth on their mandible fragment, which is accompanied by a double alveolar
socket appearance. New growth is also present on the left scapula, concentrated around the scapular ridge. The new growth is
concentrated on the supraspinous fossa while there is slight porosity across the infraspinous fossa. Radiography associated with SG26
indicates no lesions or radiographic indicators of disease.

While there are not many remains present for SG26, or associated lesions, there are still some consistencies with MBD. The
porosity present on the left scapula is consistent with scurvy and is a diagnostic feature. However, this is not sufficient evidence for

probable diagnosis.



SG27

Macroscopic Indicators

225

Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & o General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new o Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits 770—_ Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: o Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater o Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax o Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones o Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG27 presents with porosity in their left orbit which has the appearance of a new bone deposit which does not burrow into the

diplog, rather that it grows outwards. In terms of their teeth, there is an enamel defect on the lower right DC. There is no radiography

available for this individual.

Some of SG27’s lesions are consistent with MBD. For one, the changes seen in the left orbit could be associated with scurvy or

pellagra but there are no other lesions which would support diagnosis of either of these MBD. Additionally, the orbital roof porosity

can be a non-diagnostic feature of rickets. Given that the orbital porosity and changes appear to grow outwards, rather than tunneling

inwards, anaemia seems less likely. However, one lesion is not enough skeletal evidence to support a diagnosis of any of MBD.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Metaphyseal bones
Fraenkel trabecular
o Wimberger’s ring coarsening
o Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs o Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
o Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
o White line of Fraying of epiphyses bones
Fraenkel Distinction at the
o Wimberger’s ring end of the epiphysis
o Pelkan’s spurs
Feet

SG28 demonstrates very slight porosity occurs in the left orbit. While SG28 does not present with a lot of lesions, there are

consistencies with MBD indicators. The orbital porosity seen in their left orbit could be associated with scurvy, but this is not a

diagnostic feature of the disease. It is also a non-diagnostic criterion for rickets. As this is their only lesion, there is insufficient

evidence for any probable MBD diagnosis.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG29 presents with lesions in their cranium. On their teeth, there is localized hypoplasia of the primary canines (LHPC). As
well, linear enamel hypoplasia (LEH) occurs on the lower right canine, lower left I1, lower left canine, lower right M1, lower left M1,
upper left I1, and upper left canine. In their arms, there are possible Harris lines indicated on the x-rays of the radii on the distal ends.

SG29’s lesions are non-specific. But pellagra is something to consider due to the enamel hypoplasias present. Fluorosis should
also be considered due to the LEH. But one lesion type is again insufficient evidence for a MBD diagnosis. Thus, no diagnosis is
made. However, the Harris lines and enamel hypoplasias would indicate that this child lived through some periods of stress in their

life.
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave Long bone porosity Long bone bowing with
o Metaphyses of curvature of long Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG30 is an individual with not a lot of lesions present on their remains. Their first pathological indicator is localized
hypoplasia of the primary canines (LHPC)in their mandibular canines, and their right clavicle demonstrates a little bit of new growth
towards the distal end. No pathological signs were found on any of the associated radiography for SG30.

None of the lesions present on SG30’s remains appear to be related to MBD. The LPHC could be thought to be associated with
pellagra, as pellagra can result in enamel hypoplasias. One lesion is insufficient evidence for a diagnosis but, given the LHPC it is

possible that SG30 lived through a period of stress in their life.



SG31

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o facial bones o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1
Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Metaphyseal bones
Fraenkel trabecular
Wimberger’s ring coarsening
Pelkan’s spurs Fraying of epiphyses
Distinction at the
end of the epiphysis
Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe
thinning thinning bones
Metaphyseal Metaphyseal Reduced number of
fractures fractures trabeculae in long
White line of Fraying of epiphyses bones
Fraenkel Distinction at the
Wimberger’s ring end of the epiphysis
Pelkan’s spurs
Feet

SG31 is represented by a singular human bone, and the rest of the burial is made up of faunal remains. The one bone present is

a right clavicle which shows a bit of new growth, but this is thought to be normal. Also, PMD has obscured most of this new growth

spot. It is unknown whether this individual lived with MBD as there are not enough skeletal remains present to make an accurate

diagnosis.



SG32

Macroscopic Indicators
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
General o Irregular & General porosity o Porosity Diffuse osteosclerosis of the Increased weight of Lightness/fragility to
Skeleton spongy new Abnormal growth o Osteopenia (Thal.) appendicular & axial bones bones
bone formation plates o Large bony masses skeleton Increased thickness of Fractures
(Thal.) Increased cortical & cortical bone Osteoporosis
trabecular thickness A lot of subperiosteal
Periosteal thickening new bone formation
Calcified ligaments, tendons,
cartilage, & inter-osseous
membrane-s
Bony exostoses at ligament
& muscle attachment zones
Orbits o Cribra orbitalia Orbital roof porosity | o Cribra orbitalia Elongated orbits
o Porosity o Thinning of trabecular
& cortical bone
o Widening interorbital
space (Thal.)
Cranium Porosity on: Frontal bone bossing | o Cranial vault porosity A lot of subperiosteal Expanded cranial vault
o the greater Deformed o Thickening of the new bone formation,
sphenoid wing mandibular ramus sphenoid, maxillae, & most commonly on
o) cranial bones zygomatics (Thal.) facial bones (Caffey’s)
o Obliterated sutures in Osteal bulges
o palate the cranium (Thal.) Irregular thickening of
o basiocciput internal surface of
frontal bone while
external surface looks
normal (IFH)
Dentition o Protruding upper Linear enamel hypoplasia Dentinogenesis imperfecta
incisors & overbite Brown, dis-coloured teeth, &
(Thal.) mottled enamel
Vertebral o Perforations in the
Column cortical bone of
vertebrae
Thorax Rib flaring o Slight expansion of the A lot of subperiosteal
ribs new bone formation,
o Perforated cortical most commonly on ribs
bone in ribs (Thal.)
o Linear striations on the
ribs (Thal.)
Arms Porosity on: Porosity in concave o Long bone porosity Long bone bowing with
o the scapulae curvature of long o Thinning of trabecular cortical thickening
o metaphyses of bones & cortical bone Narrowing of long bone
long bones Long bone o Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
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Scurvy Rickets Anaemia Fluorosis Hyperostosis (o)1
o Long bone o Necrosis of the
metaphyseal flaring humeral head (SCA)
Hands
Pelvis o Ilium concavity
Legs Porosity on: o Porosity in concave o Long bone porosity Long bone bowing with
o Metaphyses of curvature of long o Thinning of trabecular cortical thickening
long bones bones & cortical bone Narrowing of long bone
o) Long bone o) Perforated cortical diaphyses in comparison
thickening & bone in long bones to their length
bowing (Thal.)
o Long bone o Exaggerated sulci on
metaphyseal flaring femora & tibiae (Thal.)
o Necrosis of the femoral
head (SCA)
Feet o Hyper-trophic meta-
carpals & phalanges
(Thal.)
Radiographic Indicators
Scurvy Rickets Fluorosis Hyperostosis ()1
General Skeleton o Generalized o Generalized o Thinning of cortical
osteopenia osteopenia bone
o Thick cortex
o Sharp cortical
outline
Cranium o Hair-on-end
appearance cranium
o Undeveloped sinuses
Dentition
Vertebral Column o Reduced number of
trabeculae in
vertebrae
Thorax o Loss of integrity in
sternal rib ends
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Scurvy Rickets Anaemia Fluorosis Hyperostosis ()1

Arms Long bone cortical Long bone cortical Infarcts in long o Zebra stripe

thinning thinning bones

Metaphyseal Metaphyseal Reduced number of

fractures fractures trabeculae in long

White line of Metaphyseal bones

Fraenkel trabecular

Wimberger’s ring coarsening

Pelkan’s spurs Fraying of epiphyses

Distinction at the
end of the epiphysis

Hands
Pelvis
Legs Long bone cortical Long bone cortical Infarcts in long o Zebra stripe

thinning thinning bones

Metaphyseal Metaphyseal Reduced number of

fractures fractures trabeculae in long

White line of Fraying of epiphyses bones

Fraenkel Distinction at the

Wimberger’s ring end of the epiphysis

o Pelkan’s spurs

Feet

SG32 is the oldest individual within this population. Overall, their skeleton appears to be fairly normative with some lesions
present. Porosity is visible on the anterior surface of the maxillae as well as on the inferior surface of the palate and around the
alveolar processes. SG32’s teeth have a lot of wear as well as caries on the lower right M3. Notable wear is present on the incisors as
well as the lower left PM3, lower left 12, and lower right I1. There is no associated radiography for SG32.

The porosity on the facial bones (maxillae) is slight. However, the slight palate porosity and slight porosity around the alveolar
processes are suggestive features of scurvy. However, two suggestive lesions are insufficient skeletal evidence for a probable
diagnosis. The caries seen in the lower right M3 could be associated with pellagra, but there are no other lesions that would align with

that diagnosis. As such, no probable diagnosis is given.



Appendix C: Observations of Scorbutic and Rachitic Lesions

Table C.1. Observations of Scorbutic Lesions within the Seh Gabi Population
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Sphenoid Maxilla: Scapula: Scapula: Frontal: Sphenoid: Mandible: Zygo- Maxilla: Upper/ Upper/ Maxilla: Maxilla/ Rib Cranial Tlium

Greater posterior Supra- Infra- orbital lesser mental matic: infra Lower Lower palate Mandible: | flaring/cu Vault porosity

Wing aspect spinous spinous roof wings coronoid orbital orbital limbs: limbs: Porosity alveolar pping (s) SPNB/ (n-d)

SPNB/ SPNB/ fossa fossa SPNB (d) SPNB (s) process surface foramen diaphysis metaphys (s) process Porosity

Porosity Porosity Porosity SPNB/ SPNB/ Porosity SPNB/ SPNB (s) eal flaring SPNB/ (n-d)

(d) (d) (d) Porosity Porosity (s) Porosity (s) Porosity

()] (s) (s) )

SG1 No No No No No N/A No No No No No No No No Yes No
SG2 N/A N/A No No N/A N/A N/A N/A N/A No No N/A N/A No No No
SG3 No No No No No No No No No No No Yes No No Yes No
SG4 N/A N/A No No No N/A No No No No Yes N/A No No No No
SG5 N/A N/A N/A N/A N/A N/A N/A N/A N/A No No N/A N/A No Yes No
SG6 No No No No No No No No No No No No No No No No
SG7 Yes No No No Yes No No No No No No No No No No No
SG8 No Yes No No N/A No No No No N/A N/A No No No N/A N/A
SG9 No Yes Yes No Yes No No No No No No Yes No No No No
SG10 No No No No No No No No No No No No No No No No
SG11 N/A N/A No No No N/A N/A N/A N/A Yes No N/A No No Yes N/A
SG12 No N/A No No No N/A N/A N/A N/A No No N/A No No No N/A
SG13 N/A N/A N/A N/A No N/A N/A N/A N/A No No N/A N/A No N/A No
SG14 No No No No No No No No No No No Yes No No Yes No
SG15 No N/A No No No No No No No No No N/A No No No No
SG16 No N/A No No No No No No N/A No No Yes No No Yes No
SG17 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A No
SG18 N/A N/A No No N/A N/A N/A N/A N/A N/A N/A N/A N/A No N/A N/A
SG19 No N/A No No No No No No N/A No No N/A No No No No
SG20 No N/A N/A N/A N/A No N/A No N/A No No N/A No No N/A No
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Sphenoid Maxilla: Scapula: Scapula: Frontal: Sphenoid: Mandible: Zygo- Maxilla: Upper/ Upper/ Maxilla: Maxilla/ Rib Cranial Tlium

Greater posterior Supra- Infra- orbital lesser mental matic: infra Lower Lower palate Mandible: | flaring/cu Vault porosity

Wing aspect spinous spinous roof wings coronoid orbital orbital limbs: limbs: Porosity alveolar pping (s) SPNB/ (n-d)

SPNB/ SPNB/ fossa fossa SPNB (d) SPNB (s) process surface foramen diaphysis metaphys (s) process Porosity

Porosity Porosity Porosity SPNB/ SPNB/ Porosity SPNB/ SPNB (s) eal flaring SPNB/ (n-d)

(d) (d) (d) Porosity Porosity (s) Porosity (s) Porosity

(@) (s) (s) (s)
SG21 Yes No No Yes No No No No Yes No No No No No No No
SG22 No No No No No No No No No No No Yes No No Yes No
SG23 No No No No No No No No No No No Yes No No No No
SG24 N/A N/A N/A No No N/A N/A No N/A No No N/A N/A No No N/A
SG25 N/A N/A No No Yes N/A No No N/A No No N/A No No No No
SG26 N/A N/A No Yes N/A N/A N/A N/A N/A No No N/A No N/A No N/A
SG27 N/A No No No Yes N/A No No No No No No No No No No
SG28 No No No No No N/A N/A No No No No No No No No No
SG29 N/A No N/A N/A N/A N/A N/A No No No No No No No No No
SG30 N/A N/A N/A N/A N/A N/A No N/A N/A N/A N/A N/A No No N/A No
SG31 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
SG32 No No No No No N/A No No No No No Yes Yes No No No
PREVALENCE 2/18 2/15 1/24 2/24 4/22 0/14 0/19 0/22 1/17 1/27 1/27 7/16 1/25 0/29 7/25 0/25

Table C.1 Legend
d = diagnostic
s = suggestive

n-d = non-diagnostic

N/A = that portion of element not present for assessment.




Table C.2. Observations of Rachitic Lesions within the Seh Gabi Population
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Deformed Abnormal Flattening Thickened Sternal Sternal Rib Deformed Tlium Long bone | Longbone | Cranial Cranial Frontal Orbital Irregular

arm & leg growth of femoral | long bones | rib end rib end deformity mandibul concavity meta- concave vault vault bone roof & porous

long bones | plate metaphysi bilaterally flaring if porosity with a ar ramus (s) physeal curvature porosity porosity bossing porosity metaphyse

when distally s & coxa & cupped (s) sharp (s) flaring; porosity ectocrania endocrani (n-d) (n-d) al cortex

multiple () vara confirmed (d) angle if arms & (s; dif 1(n-d) al (n-d) of long

bones (d) radiograp multiple legs (s) there is bones (n-

affected & hically (d) bones curvature d)

clear affected along w/

bend, (s) porosity)

radiograp

hy rules

out

trauma

()
SG1 No No No No No No No No No No No No No No Yes No
SG2 No No No No No No No N/A No No No No No N/A N/A No
SG3 No No No No No No No No No No No Yes No No No No
SG4 No No No No No No No No No Yes No No No No No No
SGS No No No No No No No N/A No No No Yes Yes N/A N/A No
SG6 No No No No No No No No No No No No No No No No
SG7 No No No No No No No No No No No No No N/A No No
SG8 N/A No N/A N/A No No No No N/A N/A N/A N/A No N/A N/A No
SGY9 No No No No No No No No No No No No No No Yes No
SG10 No No No No No No No No No No No No No No Yes No
SG11 No No No No No No No No N/A No No No No No No No
SG12 No No No No No No No N/A N/A No No No No No Yes No
SG13 No N/A No No No No No N/A No No No N/A No N/A No No
SG14 No No No No No No No No No No No Yes No No Yes No
SG15 No No No No No No No No No No No No No No No No
SG16 No No No No No No No N/A No No No No No No Yes No
SG17 N/A N/A N/A N/A N/A N/A N/A N/A No N/A N/A N/A No N/A N/A No
SG18 N/A No N/A N/A No No No N/A N/A N/A N/A N/A No N/A N/A No
SG19 No No No No No No No No No No No No No No No No
SG20 No No No No No No No No No No No N/A No N/A N/A No
SG21 No No No No No No No No No No No No No No No No
SG22 No No No No No No No No No No No No No No No No
SG23 No No No No No No No No No No No No No No No No
SG24 No No No No No No No N/A N/A No No No No N/A No No
SG25 No No No No No No No No No No No No No No Yes No
SG26 No No N/A N/A N/A N/A N/A N/A N/A No No No No N/A N/A No
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Deformed Abnormal Flattening Thickened Sternal Sternal Rib Deformed Tlium Long bone | Long bone | Cranial Cranial Frontal Orbital Irregular

arm & leg growth of femoral | long bones | rib end rib end deformity mandibul concavity meta- concave vault vault bone roof & porous

long bones | plate metaphysi bilaterally flaring if porosity with a ar ramus (s) physeal curvature porosity porosity bossing porosity metaphyse

when distally s & coxa & cupped (s) sharp (s) flaring; porosity ectocrania endocrani (n-d) (n-d) al cortex

multiple (d) vara confirmed (d) angle if arms & (s; dif 1(n-d) al (n-d) of long

bones (d) radiograp multiple legs (s) there is bones (n-

affected & hically (d) bones curvature d)

clear affected along w/

bend, (s) porosity)

radiograp

hy rules

out

trauma

(@)
SG27 No No No No No No No No No No No No No No Yes No
SG28 No No No No No No No N/A No No No No No No Yes No
SG29 No No No No No No No No No No No No No No N/A No
SG30 N/A N/A N/A N/A N/A N/A No No No N/A No N/A No N/A N/A No
SG31 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A No N/A N/A N/A
SG32 No No No No No No No No No No No No No No No No

Prevalence 0/27 0/28 0/26 0/26 0/28 0/28 0/29 0/21 0/25 127 0/28 3/25 125 0/20 9/22 0/31
Table C.2 Legend

d = diagnostic
s = suggestive
n-d = non-diagnostic
N/A = that portion of element not present for assessment.




