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Chapter 1.  Introduction   

1.1. Amara West 

Human health is determined by a complex set of interactions between 

environmental, socio-cultural, physiological and psychological parameters. Alterations of 

one or more of these parameters can therefore have a significant impact on the health 

status of an individual or a group. This thesis aims to investigate health and living 

conditions in a population exposed to significant environmental and political changes. 

Between 1500 and 1070BC, much of Nubia between the 1st Cataract in southern Egypt 

and the 3rd Cataract in northern Sudan, was under the control of the Egyptian 

Pharaonic empire. Amara West served as the administrative capital of the Egyptian 

province Kush (Upper Nubia) between 1300 and 1070BC. Historic and archaeological 

evidence suggests that the walled settlement would have housed colonial officials, 

military personnel, alongside a local community involved in agriculture, mining and 

industrial activities such as metal work or manufacture of pottery. Associated with the 

settlement, to the north, are two large cemetery areas overlooking the site from across a 

dried-up river channel. Material culture and architectural layout across the site draw a 

picture of a complex hybrid culture integrating both Egyptian and indigenous Nubian 

elements. 

Even though occupation layers have not been identified yet, evidence from the 

cemeteries suggest that people lived at or near Amara West until the 8th century despite 

the effective end of Pharaonic control around 1070BC. Palaeoenvironmental research 

indicates significant environmental changes occurring over the time period of use of the 

settlement, ultimately leading to the abandonment of the site. The two cemeteries and 

the people buried within them form the basis of the research presented in this thesis. 

Based on the historic, archaeological and palaeoenvironmental data (see Chapter 2 and 

Chapter 3. ), two main hypotheses can be formulated; these will briefly be outlined in 

the following section.  
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impacts on health. Climate change has been recognised as one of the major 

environmental problems that our world is facing today. Its negative impact on human 

health is now a well established fact (WHO, 2009). The pathways through which 

changes in climate influence human health are complex, and find a large number of 

manifestations including the presence and levels of infectious and nutritional diseases or 

physical activity (e.g. Confalonieri et al., 2007, Portier et al., 2010). Amongst the most 

detrimental facets of environmental change ranks land degradation caused by 

aridification and desertification (WHO, 2013c). Despite its modern relevance, climate 

change has rarely been addressed from a bioarchaeological point of view (Roberts, 

2010). Notable exceptions are the works of Lukacs & Walimbe (1998), Schug (2011) and 

more recently Harrod & Martin (2014).  

Geomorphological and palaeoenvironmental research at Amara West has recently 

produced several lines of evidence indicating that the area underwent significant 

environmental deterioration throughout the time period of use of the settlement and 

cemeteries (Spencer et al., 2012, Dalton, Forthcoming). Amongst the most severe 

manifestations is the cessation of the palaeochannel on the northern side of the 

settlement, which would have significantly decreased agricultural productivity and 

increased the amount of air pollution through aeolian dust. These environmental 

alterations would have had a substantial impact on the health of the people living at 

Amara West. 

1.3. Research questions 

Based upon the above formulated hypotheses, this research project aims to address 

the following key questions: 

(1) Are there any differences in health status and diet between the people buried in 

the New Kingdom cemetery living at Amara West during the time of Egyptian rule, and 

those buried in the cemeteries used in the following three centuries? 

(2)  If so, can any observed differences in health status and diet be linked to climatic 

and political changes, or even different geographical origins or ethnic ties, as indicated 

by stable strontium and oxygen isotope analysis and the funerary rituals employed by the 

people living at Amara West? 

These research questions are addressed through palaeopathological analysis of the 

human remains from the two temporally distinctive cemeteries located next to the town 
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of Amara West excavated between 2009 and 2013 (Binder et al., 2010, Binder, 2011, 

2014). In comparing the results from the New Kingdom and the post New Kingdom 

cemeteries, it is anticipated that any changes occurring during the time period in 

question can be detected through analysis of the buried human skeletal remains. Health 

status of individuals are evaluated based on selected markers of physiological stress and 

disease. Because human health represents the outcome of complex interactions of 

environmental, cultural and biological factors, an understanding of these determinants is 

crucial for inferences about human health in the past. Consequently, the data gained 

from the palaeopathological analysis are complemented by a large body of 

palaeoenvironmental and archaeological evidence from the ongoing excavation and 

research within the related settlement site and habitat.  

1.4. Structure of the thesis 

This thesis is divided into ten chapters. Chapter 1 gives an introduction to the aims, 

hypothesis and research questions addressed in the thesis. In order to set the historical 

and archaeological frame for the bioarchaeological analysis, Chapter 2 provides an 

overview of the historic developments in Upper Nubia before and during the time of 

occupation of Amara West, while in Chapter 3 the settlement and cemeteries are 

introduced in more detail. The theoretical and clinical foundations of the 

bioarchaeological study of health and disease as well as the indicators used in this study 

are introduced in Chapter 4. In Chapter 5, the background and principles of stable 

isotope analysis are briefly discussed. Chapter 6 provides a review of bioarchaeological 

research in Nubia. The assemblage of skeletal human remains forming the basis of this 

thesis is introduced in Chapter 7 with regards to taphonomy, preservation and sample 

size, as well as the methods and recording procedures applied to analyse the human 

remains. The results of the bioarchaeological and biomolecular analysis are presented in 

Chapter 8 and will be discussed within their archaeological, cultural, socio-economic and 

environmental context in Chapter 9. In the concluding Chapter 10, the results are briefly 

summarized, the original hypotheses are revisited and limitations, outlook and 

significance of the data are briefly discussed.  
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understood, even though ongoing excavations at Sesebi, Sai or Tombos are likely to 

shed light on this matter in future. 

Despite Egyptian presence being indicated by inscriptions as far south as Kurgus at 

the 5th Cataract, the extent of this presence and control over Nubia remains far from 

clear (Morkot, 1991). While in Wawat, the situation is better known due to the large 

number of excavated sites, indicating considerable Egyptian influence, very little is yet 

known about the areas to the south, particularly those south of the 3rd Cataract within 

the Kerman heartlands. However this picture is now slowly starting to change with 

ongoing field work and survey during recent years (e.g. Welsby, 2001, Smith, 2007, 

Bonnet & Valbelle, 2010, Edwards, 2012). So far, settlement sites south of the 3rd 

Cataract have been identified at Nauri, Tombos, Hillat el-Arab, Kawa, Doukki Gel and 

at Gebel Barkal. Despite extensive surveying in the Mahas region between Soleb and 

Tombos-Hannek (Edwards & Ali Osman, 1992, 1993, Edwards, 2012) as well as in the 

Dongola reach (Welsby, 2001) only a small number of additional sites dating to the New 

Kingdom period with Egyptian cultural material could be detected. However, ongoing 

fieldwork in the region is now bringing up new evidence and may shed further light on 

these questions in coming years (Welsby, Thomas, pers. comm. 2014). Where sites 

continue to be occupied during the New Kingdom, they seem to continue Kerman 

cultural traditions. According to Smith, the small number of colonial towns rules out a 

high degree of control but rather argues for a model of hegemony where control was 

mainly left in the hands of Nubian princes loyal to the pharaoh (Morkot, 2000: 76, 

Smith, 2003: 94). Nevertheless, the presence of pharaonic settlements at Dukki Gel, 

Tombos or Gebel Barkal, attest to a considerable Egyptian influence even at the far end 

of the empire.  

2.3.2. Egyptian motives and strategies of colonial control 

The centuries of Egyptian colonial control over Nubia are marked by significant 

socio-cultural changes within the indigenous Nubian communities. Despite a long-

standing history of archaeological research in Egypt and Nubia, these processes are still 

far from being understood. Understanding the underlying motives and strategies of 

Egyptian control over Nubia during New Kingdom occupation remains important in 

order to contextualise any attempts to study life in Egyptian settlements in Nubia. This 

subject has been matter of considerable scholarly debate over the past decades and is 

still far from being resolved (e.g. Kemp, 1978, Kemp, 1997, Smith, 2003: 58).  
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become better understood. An important new observation concerning post-New 

Kingdom material is the fact that it becomes more and more evident that much of the 

Egyptian style pottery found on New Kingdom sites is in fact not imported, but rather 

Egyptian forms produced locally. This has already been confirmed by petrographic 

analysis carried out within the framework of the Amara West project on sherds from the 

sites, proving that the clay used for the analysis is in fact local Nile silt (Millet et al., 

forthcoming). Some of the New Kingdom forms such as beer jars and plates see slight 

alterations and adaptations due to local production and continue to be in use during the 

10th and 9th centuries. Consequently, this might in the past have obscured evidence for 

post-New Kingdom occupation as the forms might have been attributed to the New 

Kingdom period.  

New evidence brought about by recent excavations will also stir new discussion of 

the material discovered during old excavations and consequently lead to a re-evaluation 

of the archaeological record. Another important example is the large necropolis of 

Missiminia located opposite to Amara West (Vila, 1980). It was originally dated to the 

Napatan period by the excavators, a view that was generally accepted (Williams, 1993). 

However, a comparison with newly excavated material from sites such as Hillat el-Arab 

and Amara revealed striking similarities in the ceramic repertoire, which led to a 

reconsideration of the material. Thus, it has become increasingly acknowledged that the 

cemetery dates back to the 10thc century, possibly even to the late New Kingdom. The 

same can be said for the large cemetery of Sanam (Griffith, 1923, Lohwasser, 2008). It 

seems likely that with further field work in Nubia, together with a re-evaluation of 

material recovered during the 20th century, our knowledge about the historic 

developments that took place in Nubia during the 10th and 9th centuries will be greatly 

expanded and refined, closing the mysterious gap in Nubian history. 

Having detailed the historic and cultural developments in ancient Nubia between 

2500 and 800BC, the ancient settlement and cemeteries of Amara West will be 

introduced in the following chapter. 
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3.3.2. The settlement 

The ancient settlement at Amara West has generally been recognised as the 

administrative capital of Kush, the province of Upper Nubia during the later half of the 

New Kingdom from the reign of Seti I (1285BC) until the formal end of New Kingdom 

occupation of Nubia in 1070BC (Spencer, 1997). Whether the site had already been 

occupied by then or was newly built, as would be suggested by stamps of Seti I on 

bricks used for the construction of the town wall, is yet unclear (Spencer, 2009). 

Monuments dating to the 18th Dynasty were recovered on site during the EES 

excavation even though these could have been brought from elsewhere (Spencer, 2009). 

Initially, the walled settlement, comprising an area of 11,600m2 was built following a grid 

system with well-spaced buildings and a considerable number of magazines (Spencer, 

2014c, b). In the north of the walled town, a series of buildings of high officials have 

been found, including a building identified by the EES through inscribed door jambs as 

the residence of the deputy of Kush (Spencer, 1997: 168). By the early 20th Dynasty, the 

character of the walled town changed considerably, perhaps as a consequence of a 

growing population (Spencer, 2014a). House sizes decreased considerably and alleys 

between houses got markedly narrower. The magazines also appear to have fallen out of 

use and were subdivided into smaller housing units. 

At the end of Egyptian colonial rule over Nubia, the town was assumed to be 

abandoned by the Egyptian settlers (Spencer, 1997). However, some of the surviving 

structures may have continued to be used by the local population, as had already been 

observed by earlier excavators, even though they were not sure about the dating of this 

re-use. Fairman (1948) noted that the massive layers of sand between the latest Egyptian 

layers and the last occupation layer suggested a considerable time period between 

abandonment and re-use. Due to the lack of distinctive objects within this last level no 

conclusive dating could be obtained even though it was suggested that surface finds 

might indicate an early Napatan date. Continued occupation is further supported by 

large amounts of post-New Kingdom pottery on the surface of the town mound, with 

particular accumulations on the south and south-west side (Millet, pers. comm. 2012). 

Nevertheless, no intact occupation deposits post-dating the New Kingdom period have 

been identified (Spencer, pers. comm. 2014). 

The object assemblage recovered from the settlement is of overwhelmingly 

Egyptian character (Spencer, 2014c) and is consistent with evidence from contemporary 

Egyptian sites (Kemp & Stevens, 2010a). The amount of Nubian objects is relatively 
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excavations), 2010 and 2012. To date a total of 52 graves were documented and are 

shown Table 3.1 and Table 3.2.  
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3.7. General overview  

The following section provides a detailed discussion of the architecture of the 

graves recorded in Cemetery C (see Figure 3.2) and Cemetery D (see Figure 3.3) at 

Amara West between 2009 and 2013. A summative description of each grave including 

finds and burials is given in Appendix II. 

 
 Chamber tombs N iche 

burials Total 

 
 Single Double Multiple 

Cemetery C 
n 1 6 1 30 38 
%  2.6 15.8 2.6 78.9  

Cemetery D 
n 5 9 0 0 14 
 % 35.7 64.3 0.0 0.0  

Total 
n 6 15 1 30 52 
 % 11.5 28.8 1.9 57.7  

Table 3.1 Total number of graves excavated in cemeteries C and D (up to and including 2013) 

 

 
 Chamber tombs N iche 

burials Total 

 
 Single Double Multiple 

New Kingdom 
n 1 5 1 0 7 
%  14.3 71.4 14.3 0.0  

Post-New 
Kingdom 

n 5 10 0 29 44 
 % 11.4 22.7 0.0 65.9  

Total 
n 6 15 1 30 52 
 % 11.5 28.8 1.9 57.7  

Table 3.2 Total number of graves by time period (up to and including 2013) 
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Figure 3.2 Graves excavated between 2009 and 2013 in Cemetery C (created by M. Binder) 
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Figure 3.3 Map of the western area of Cemetery D with graves excavated between 2010 and 2013 (created 
by M. Binder) 
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proper (e.g. Bruyère, 1924, Brunton & Engelbach, 1927). In Cemetery C, the tombs are 

exclusively carved into the alluvial silt. In the New Kingdom tombs in Cemetery D, the 

chambers are partially carved into the schist bedrock, while the post-New Kingdom 

chamber tombs documented in this area so far are shallower and carved into the alluvial 

silt. In terms of size and depth there is again considerable variation at Amara West (see 

Table 3.7). However, in Cemetery C inferences about shaft depth are difficult to draw 

since there appears to be considerable surface deflation due to wind erosion. With 

regard to size of the shaft, there appears to be an underlying chronological trend 

towards somewhat smaller shafts during the post-New Kingdom period. 

The chamber tombs recovered at Amara West so far are consistently aligned 

according to the magnetic east-west axis. This conforms to the traditional Egyptian 

pattern originating in the strong cosmogonic symbolism of Egyptian funerary ritual 

(Taylor, 2001: 138) and also corresponds to orientation patterns in other Nubian sites. 

With the exception of G244, featuring five burial chambers, the number of chambers 

varies between one (six examples) and two (15 examples, see Table 3.2). This is also 

consistent with most other New Kingdom sites in Nubia. Contemporary tombs with 

multiple chambers, such as G244, are by far less common and have so far only been 

reported at Buhen (Randall-MacIver & Woolley, 1911) and Hillat el-Arab (Vincentelli, 

2006) even though the latter are entirely rock-cut and therefore of a somewhat different 

character. 

The burial chambers are always located on the eastern and/or western side of the 

shaft even though there are some marked variations in size and construction details 

which are worth closer examination. According to Egyptian funerary customs, burial 

chambers were traditionally situated on the western side of the shaft (Taylor, 2001). In 

the New Kingdom pyramid tombs in Cemetery D, the eastern chambers are 

considerably smaller and only very crudely carved when compared to the western 

chamber, indicating that they represent secondary additions. This is supported by the 

fact that ceramics from these chambers are only of post-New Kingdom date even 

though, in light of heavy disturbance, this has to be viewed with caution. In the single-

chamber New Kingdom tomb G319, featuring a chamber on the west, the eastern side 

of the shaft shows initial traces of a carved door, but the process appears to have been 

abandoned for unknown reasons. Such clear architectural differences cannot be 

observed in the New Kingdom tombs in Cemetery C. In the post-New Kingdom 

tombs, the reverse trend can be observed with larger and more elaborately carved 
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After the end of the New Kingdom period, niche burials get increasingly common 

and become a regular feature of cemeteries dating to the Napatan period. However, 

their precise dating remains questionable in the light of new results from Amara West, 

and in fact a large number of them may already date to the 10th and 9th centuries BC. 

Those cemeteries tentatively dating to the post-New Kingdom period include 

Missiminia where simple niche burials make up 35% of all the burials (Vila, 1980). Early, 

potentially contemporary niche burials were also recorded at Sai (Geus et al., 1995).  

3.8.2.ii. Niche burials with superstructures 

 Cemetery C Cemetery D 

New Kingdom - - 

Post-New Kingdom G210, G226, G238, 
G238-G242, G245, G246 - 

Table 3.11 Niche burials with superstructure 

A small number of niche burials in Cemetery C featured small circular 

superstructures constructed from silt and decorated with circular scatters of schist plates 

(see Table 3.11, Figure III.22). The largest example is G210 with a tumulus of 9m 

diameter. As has been outlined in Section 3.8.1.iii, the tumulus represents an important 

feature of Nubian funerary culture. The significance of differences in use of 

superstructures in the niche burials remains unclear. While it is possible that differential 

preservation may account for the absence of superstructures in some niche burials, it 

may also reflect differences in social status. The substructures of G210, G238, G239 

and G240 also differ markedly in size from the majority of niche burials. These tombs 

also stand out in terms of elaborateness of blocking structures, most importantly the 

large sandstone door lintel with hieroglyphic inscriptions taken from the settlement and 

re-used for blocking in G210. In addition, they feature a relatively higher number of 

grave goods including more valuable objects such as carved ivory objects (G238, G240) 

even though, due to the high degree of disturbance, this is again difficult to prove with 

any more certainty.  

Tumuli do not represent a standard feature of niche burials of the post-New 

Kingdom and Napatan period. At Sanam, Sai or Missiminia they were entirely absent. 

Whether this could also be explained by surface deflation remains unclear. However, at 

Tombos rock-cut examples associated with tumuli were recorded which also stand out 

in terms of size of substructure and grave good assemblage, indicating a higher social 

status (Smith, pers. comm., 2011). The most prominent examples of large niche burials 
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featuring tumulus superstructures are tombs in the royal cemeteries of El-Kurru, Ku. 

Tum.1, Ku. Tum 5, Ku. Tum. 6, thought to represent the tombs of the earliest Kushite 

rulers in the 9th century BC (Dunham, 1950: 128). However, there remains considerable 

doubt about their dating  (Kendall, 1999: 298­-304, Török, 2009), thus they may in fact 

not be related to the Napatan phase of use at all (Edwards, 2004: 118). 

3.9. Funerary ritual 

3.9.1. Orientation of the body 

   NS SN EW WE Total 
Chamber tombs 

New Kingdom 
C 

n 6 3 2 0 11 
% 54.4 27.3 18.2 0  

D 
n 3 1 0 0 4 
% 75.0 25.0 - -  

Post-New 
Kingdom 

C 
n 11 3 4 4 22 
% 50.0 13.6 18.2 18.2  

D n 9 3 3 4 19 
% 47.4 15.8 15.8 21.1  

Niche burials 

Post-New 
Kingdom C 

n 0 0 5 7 12 
% - - 41.7 58.3  

Total Chamber tombs 
n 29 10 9 8 56 
% 37.7 17.9 16.1 14.3  

Total Niche burials 
n 0 0 5 7 12 
% - - 41.7 58.3  

Total burials 
n 29 10 14 15 68 
% 42.6 14.7 20.6 22.1  

Table 3.12 Orientation of burials as Amara West (n= number of individuals) 

Figure 3.4 Distribution of body orientation in New Kingdom and post-New Kingdom burials 
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flexed burials together with other traditional Nubian funerary elements such as tumuli 

become more frequent again even though extended burials remain equally popular. 

Large contemporary groups of both types at Sanam or Meroe were interpreted as a sign 

of the presence of different ethnic groups at those sites (Griffith, 1923: 87, Dunham, 

1963, Bonnet, 1999). 

The patterns 

observed at Amara 

West (see Table 3.13), 

with the vast majority 

of all individuals being 

buried in an extended 

position (see Figure 

3.6), are therefore 

consistent with the 

general trend in New 

Kingdom Nubia even 

though again the 

picture gained from 

the cemeteries may 

not necessarily be 

fully representative 

due to the large number of disarticulated burials. Body position could be ascertained in 

only 35% of individuals recovered at Amara West up until now. Only three examples of 

flexed burials have been found at Amara West so far, all deriving from chamber tombs 

dating to the post-New Kingdom period. Two flexed burials, an old adult woman and a 

one to two year old child are from the same tomb chamber. The third flexed burial, a 

middle adult woman was recovered in the entrance to a burial chamber on 30cms of 

windblown sand, stratigraphically higher than the remainder of individuals and thus 

potentially representing later re-use of the chamber (see Figure 3.5). The timing of this 

re-use remains unclear, even though the fact that the person was buried in a doum palm 

coffin similar to those found in association with individuals assumed to represent 

primary post-New Kingdom burial phases, suggests a certain degree of contemporarity. 

Occasional findings of flexed burials are not unusual in New Kingdom cemeteries and 

are interpreted as a sign of traditionalism or even resistance to the culture of the 

conquerors (Bonnet, 1999: 166, Smith, 2003). An interesting observation is the fact, that 

Figure 3.6 Extended burials (Western chamber of G201, post-New 
Kingdom) 
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G309 (see Figure III.33). The associated pottery assemblage (see Figure III.36) suggests 

a dating of the original phase of the burial to the 20th Dynasty. Conforming to Egyptian 

tradition, the person depicted on the lid features a black wig and a head-dress crowned 

with a lotus flower. The face is painted red, with yellow earrings on either side. This 

somewhat deviates from standard Egyptian patterns, as the red colour was typically used 

for male coffins, but is found occasionally in female coffins (Cooney, 2010, Bettum, 

2012: 56, 69, 195). Of the body, only parts of a floral collar and few sections on the side 

were preserved (see Figure III.34, III.35), and the remainder of the lid was badly 

destroyed by ceiling collapse. Only a few coffin faces from New Kingdom Nubian sites 

have survived. The most elaborate examples were documented in the tombs of the 

Princes of Tek-Het (Säve-Söderbergh, 1991), one more example comes from Fadrus 

(Säve-Söderbergh & Troy, 1991a: 56), and several were found at Aniba (Steindorff, 

1935: 71, 72; Taf. 40, 5 and 6).  

Other important examples are the coffins found in the tumulus tomb G244. Due to 

preservation again no clear iconographic decorations were preserved. Despite some 

relatively large fragments, decorations recovered from the tomb are confined to patterns 

(see Figure III.26). A large fragment from the western central chamber bears yellow and 

black stripes, a pattern that is commonly found on the side of panels of later New 

Kingdom coffins (Taylor, pers. comm, 2013). However, despite generally conforming to 

Egyptian style the decorations on the coffins at Amara West are also of relatively simple 

craftsmanship. While overall the Egyptian influence is clearly visible, the observed 

patterns somewhat deviate from what was to be expected in a traditional Egyptian 

environment and it appears plausible that the coffins at Amara West represent local 

imitations (Taylor, pers. comm. 2013). The only figurative depiction discovered in a 

disturbed context in a post-New Kingdom chamber tomb further highlights this claim 

as it shows the head of an Egyptian-style falcon-headed god but appropriated in a 

Nubian style (see Figure III.42). Similar patterns can be observed elsewhere in New 

Kingdom cemeteries in Nubia. The most important example are the coffins of the 

Nubian princes at Debeira East. While superficially resembling Egyptian coffins, their 

decoration and illegible hieroglyphic inscriptions again represent Nubian imitations 

(Taylor, 2014).  

With regard to their chronological distribution, painted and unpainted coffins were 

used throughout the time period of use of the cemeteries. Whether the 

absence/presence of decoration on coffins can be used as an indicator of social status 
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The third main and 

most simple form of 

funerary containers are 

coffins or wrappings 

made from doum palm 

bark. Wood of the doum 

palm is very light, flexible 

but of relatively poor quality and would have been available abundantly in the area of 

Amara West. The exact shape of these containers remains unclear but in some well 

preserved complete examples (see Figure 3.11), tapering on the head and foot end 

indicates a type of matting in which the body was wrapped rather than placed in a 

coffin. Similar containers made from a type of plant fibre represented the most 

common type in the low status South Tombs cemetery at Tell el-Amarna (Kemp et al., 

2012). With regard to their diachronic distribution, they appear to be predominantly a 

feature of post-New Kingdom burials. Their significance for identification of social 

status is further difficult to determine. However, it is notable that they are entirely 

absent from the niche burials even though wooden remains were recovered from the 

majority of niche burials. This may on the one hand represent a culturally induced 

preference for different types of funerary containers, but on the other hand any such 

claims are difficult in the absence of comparative cemeteries. It may also be attributable 

to environmental reasons.  

Unanswered remains the question as to what factors governed the choice of 

different types of funerary containers. During the New Kingdom period, coffins 

generally represent the predominant form of funerary container, with richly decorated 

coffins likely being an attribute of burial of people of higher social class. In the post-

New Kingdom period, a lot more variation is observable. The co-occurrence of coffins, 

beds and doum-palm coffins in chamber and niche tombs in general, sometimes even 

within individual tombs, either argues against cultural affiliation as the main parameter 

determining type of funerary contained used, or indicates a high degree of individuality. 

While social status may be related to the use of simple doum palm coffins, it cannot 

account for the choice of coffins vs. funerary beds. It therefore remains possible that 

the type of funerary container used for burial was simply subject to individual choice. 

Figure 3.11 Doum palm coffin of Sk317-2 (post-New Kingdom) 
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3.9.5.ii. Specialised funerary equipment 

3.9.5.ii (a) Amulets 

In Egyptian funerary ritual, specialised objects played an important role because of 

magical powers assigned to them to protect to the dead in the afterlife (Taylor, 2001: 

200). Funerary amulets were amongst the most common of these magical objects. Their 

function and potency was dependent on form, colour and material. At Amara West, the 

most frequently recovered type of funerary amulet were scarabs, with 26 examples 

found to date. In a funerary context, the scarab was associated with the sun god and also 

represented the notion of rebirth, and its popularity is well attested in Egyptian 

cemeteries and graves regardless of social status (Taylor, 2001: 205, Grajetzki, 2003: 52). 

However, aside from naturalistic scarabs, they were not originally specialised funerary 

objects per se. In life, they would have 

been used as impression seals 

(Andrews, 1994: 52). At Amara West, 

this is nicely exemplified by a seal 

impression found within house E13.7 

(20th Dynsty) exactly matching a scarab 

accompanying a young adult female in 

contemporary chamber tomb G234 in 

Cemetery C (see Figure 3.12). Even 

though it is an intriguing thought, 

proving that the seal was made by this 

particular scarab remains impossible.  

With regard to spatial and chronological distribution, scarabs were almost 

exclusively found in chamber tombs, and only one example of a scaraboid (F9312) was 

recovered in a niche burial (G220). Scarabs are generally more common in the New 

Kingdom tombs (69.2%, 18/26 examples) than in the post-New Kingdom tombs 

(42.3%, 11/26 examples). This difference is even more evident when taking into 

account the fact that the number of post-New Kingdom individuals by far exceeds the 

number of New Kingdom burials. The majority of scarabs were found associated with 

an individual, and in all but one example they were placed in the hands of the individual. 

Only Sk244-10 had a scarab near the feet.  

Figure 3.12 Seal impression F7250 with scarab F9167 
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Inscriptions on the reverse of the scarabs are varied. Most commonly, they depict 

different combinations of signs and symbols associated with Egyptian religious belief 

systems including the sun disc, maat feather or ureaus. Royal names are also attested, 

most commonly the name of the cartouche of Thutmosis III, Men-kheper-ra (see Figure 

III.  23: F9164, Figure III.41: F9024,: Figure III.46: F9497, F9499, Figure III.50: F9100). 

This corresponds to observations throughout Nubia in sites dating to the New 

Kingdom (Säve-Söderbergh & Troy, 1991a: 94) but also post-New Kingdom and 

Napatan periods (Vila, 1980, Lohwasser, 2008: 256), paralleling the trend in Egypt 

proper (Jäger, 1982). The importance of Thutmosis III in Nubia is also reflected in the 

fact that he was venerated as a deity, manifested in temples at Debeira and el-Lessiya 

(Kemp, 1978) but also as part of household cult as evidenced through a re-used door 

lintel in house E13.6 at Amara West (Spencer, 2014c). Two scarabs bear the name of 

Ramesses II (see Figure III.30: F8023 Figure III.37: F8365). In addition, there is one 

scarab with the cartouche of Amenhotep II (F8205, see Figure III.55) and Amenhotep 

III  (F9738) respectively. Similar to Thutmosis III, the reigns of both pharaohs well 

precede the time of occupation of Amara West and it therefore appears likely that these 

elements represent re-used objects or heirlooms rather than bearing any chronological 

significance. Representations of gods are relatively rare with only two examples. 

Decorations on most scarabs conform to standard Egyptian styles and find close 

parallels in cemeteries in Egypt proper too. Three types of materials were used for 

scarabs: steatite, often glazed in blue or green (New Kingdom: 11; post-New Kingdom: 

6), faience (New Kingdom: 1, post-New Kingdom: 5) and ivory (New Kingdom: 3, 

post-New Kingdom: 0). While faience and steatite by far comprise the majority of 

Egyptian scarabs, the use of ivory is only very rarely seen and may again attest to local 

Nubian influences. One such example was found at Sanam out of over 500 scarabs 

(Lohwasser, 2010: 158). Heart scarabs, representing one of the most important funerary 

amulets in elite Egyptian funerary ritual from the Middle Kingdom onwards (Taylor, 

2001: 206), were not recovered at Amara West. However, it has to be noted that the 

burials in the pyramid tombs even though generally intact, do display signs of 

disturbance in the neck/breast area which attests to targeted looting in the area where 

heart scarabs would have been expected.  

Amulets depicting different goddesses and gods are another common category of 

equipment in Egyptian funerary ritual and had the purpose of placing the wearer under 

the protection of the particular deity (Taylor, 2001: 205). Only a small number of 

amulets evoking Egyptian deities have been recovered at Amara West. Most notably, all 
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of them are from post-New Kingdom contexts, and seven were found in chamber 

tombs and three in niche burials. The most popular gods were Bes, Hathor and Isis (two 

examples each, see Figure III.41: F9058, Figure III.60: F9453; Figure III.50: F9060, 

F9063, Figure III.41: F9041, Figure III.60: F9466) followed by Pataikos (one example, 

see Figure III.60, F9467). In Egyptian contexts, the most common deities are Isis and 

Nepthys (Taylor, 2001: 205) even though there is generally a lot of variation. Pendants 

and amulets evoking Egyptian deities were popular in Nubian cemeteries of Egyptian 

cultural affiliation too, and the spectrum of goddesses and gods present at Amara West 

finds close parallels elsewhere in Nubia. The continued use of Egyptian religious 

amulets during the post-New Kingdom period is equally well evidenced in sites such as 

Hillat el-Arab (Casali, 2006), Missiminia (Vila, 1980) or Sanam (Griffith, 1923).  

While most of the faience amulets conform to the conventional Egyptian style, the 

ivory Bes amulet (F9453, see Figure III.60) recovered from a post-New Kingdom niche 

burial (G216) is very unusual. Even though the body displays the usual attributes of a 

Bes figure, the head represents a significant departure from the traditional Egyptian style 

and presumably reflects local Nubian stylistic elements. Up to present knowledge only 

one parallel is known. It is held in a private Swiss collection and supposedly originates 

from Helwan, but was wrongly dated to the Predynastic Period (Chappaz, 1981: 84, 

93/Fig. 049). In addition to the horizontal drilling in the head, confirming its original 

purpose as a pendant, the body displays two more holes in his chest. These are rather 

crudely drilled and seem to have been applied secondarily, possibly attesting to a change 

in function. A similar modification was observed in the carnelian Bes amulet recovered 

by the EES (Spencer, 2002: Pl. 8: 330). These alterations tie in with the general question 

as to whether or to what extent the presence of Egyptian religious symbols indicates 

adherence to the belief system with which these items were originally associated. 

Other forms of amulets such as udjat eyes, djet pillars or poppy amulets are also very 

common in contemporary Egypt (El-Sawi, 1979, Hulková, 2013). They are also seen, 

albeit to a lesser degree, in Nubian cemeteries of both New Kingdom (Säve-Söderbergh 

& Troy, 1991a: 129, Williams, 1992: 119) and post-New Kingdom date (Casali, 2006), 

but are very rare at Amara West (see Figure III.53) even though again it remains unclear 

whether this is due to looting.  
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In the niche burials, the amount of jewellery decreases further, even though this 

may well be related to the high degree of looting as almost no niche burial was 

undisturbed. Pen-annular ear-rings were entirely absent. Aside from beads, the only 

jewellery items recovered were bracelets in copper alloy and Egyptian blue (one example 

each, see Figure III.59: F9014, III.60: F9463). Another notable difference between 

chamber and niche burials is the predominance of ostrich egg shell disc beads over 

other types of materials in the latter. In the chamber tombs, faience beads appear by far 

more common.  

3.9.5.iii (b) Toiletry articles 

Toiletry articles are also very rare and almost exclusively confined to examples from 

chamber tombs (see Figure III.41). For the New Kingdom period, this comprises a 

copper alloy mirror (G309-W, see Figure III.32: F8448) and a copper alloy razor or 

knife (G301-E). In addition, several items including an ivory comb and a 

perfume/ointment jar made from faience were recovered from chamber 244.1 in G244. 

In the post-New Kingdom chamber tombs the assemblage of toiletry articles is 

somewhat larger, including a cosmetic container made from wood and an intact wooden 

cosmetics applicator as well as two pairs of tweezers (see Figure III.50: F9206; Figure 

III..41: F9053). In niche burials, the only, as yet tentative evidence for the continued use 

of toiletry articles as grave goods comes from G240. Fragments of a tubular object with 

traces of red, blue and yellow pigment may represent the remnants of a cosmetic 

container (see Figure III.68: F9519). However, due to preservation and looting, many of 

those items may have simply not survived and the archaeological record may therefore 

not necessarily be representative. 

3.9.5.iii (c) Head-rests 

Wooden head-rests represented another relatively common item in chamber tombs 

of New Kingdom  and post-New Kingdom date (see Figure III.44: F9064, F9666). 

Their symbolic significance in funerary contexts is likely connected with the notion of 

death as sleep (Taylor, 2001: 108). A similar conception within the Nubian belief system 

is likely reflected in the common usage of burial beds in tombs. According to Taylor 

(2001: 108), aside from royal tombs dating to the Old and Middle Kingdom, head-rests 

were not that common in Egyptian cemeteries. However, Smith (1992) reported head-

rests being a frequent item in Theban tombs of the 17th and 18th Dynasty. A small 

number of New Kingdom examples were also found in high status 18th Dynasty graves 
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of funerary ritual throughout history (Geus, 1991). At Amara West, pottery equally 

represent the single most common type of grave good throughout the time period of 

use of the cemeteries, both in chamber tombs and niche burials. Detailed studies of the 

pottery where conducted by Millet (2009-2013) and by Kilroe (2013) within the 

framework of a master thesis at the Faculty of Oriental Studies at Oxford University. 

The following will only provide a brief summary of their findings. 

In general, the ceramic assemblage present in the graves at Amara West is of almost 

entirely Egyptian character and of wheel-thrown make. Notable is the relatively limited 

variety of forms. During the New Kingdom period, assemblages compriss mainly plates 

or beer jars together with a smaller number of different jars and imports (see Figures 

III.24, III.25, III.29, III.36). The assemblage recovered from the tombs is closely 

paralleled in contemporary deposits in the settlement of Amara West and is also 

consistent with findings from other New Kingdom Nubian cemeteries. During the post-

New Kingdom period a gradual shift occurs towards smaller and deeper bowls, mainly 

featuring a red rim or red burnish even though beer jars and plates are still abundant 

(see Figure III.38, III.40, III.47, III.49, III.53, III.54, III.56, III.57). In the niche burials, 

the traditional New Kingdom plates and beer jars are entirely absent (see Figure III.61, 

III.63, III.64, III.67, III.69). This trend is paralleled at other potential post-New 

Kingdom sites at nearby Missiminia (Vila, 1980) or Sanam (Griffith, 1923) where red-

rimmed and red-burnished bowls comprise the majority of the pottery assemblage.  

Another notable addition to the post-New Kingdom pottery assemblage are pilgrim 

flasks made from marl clay (see Figure III.38: C9000; III.52: C9007; III.54: C8019; 

III.56: C8049; III:63: C9017, III.67: C9153) which are so far entirely absent from New 

Kingdom contexts. A similar trend was also noted at Hillat el-Arab (Vincentelli, 2006) 

and Missiminia (Vila, 1980) but is unparalleled in Egypt proper. Millet suggests that the 

pilgrim flasks represent a local adaptation in the offering cult, replacing beer jars in 

holding libations (Millet, pers. comm. 2013). However, any such claims are impossible 

to prove. The percentage of pilgrim flasks at Amara West and other sites is very small 

when compared to the relative number of beer jars in the New Kingdom assemblage. 

Since marl clay deposits have not yet been identified in Nubia, it has to be assumed that 

they were imported from Egypt proper which would have given them significant value. 

Their presence in some graves may have simply reflected individual choice. 

Pottery of Nubian fashion in contrast is almost entirely absent in burials at Amara 

West. The only complete example of a Nubian-style pot was recovered accompanying 
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4.3.3.iii. Periapical lesions 

Pathological lesions in the periapical region of the periodontial tissues generally 

result from an infection of the tooth pulp by oral bacteria if the pulp is exposed by 

caries, attrition or trauma (Dias & Tayles, 1997). Several types of periapical lesions can 

be distinguished (Dias & Tayles, 1997, Ogden, 2008). Following infection and 

inflammation, the tooth pulp usually dies and necrotises. Consequently, this causes 

inflammation of the tissues surrounding the apex, which eventually develops into a 

small soft tissue sphere that also creates a void in the periapical bone. These initial 

changes are referred to as a granuloma and are manifested as small circular, smooth 

walled defects in dry bone (Ogden, 2008). As the process continues, granulomata 

commonly develop into liquid filled periapical cysts (Dias & Tayles, 1997). An abscess 

forms if an acute pyogenic infection in the periapical tissue is present (Dias & Tayles, 

1997). While in its acute form, the infection only affects soft tissue, in chronic abscesses 

large amounts of pus lead to formation of voids within the bone to allow for drainage of 

the pus into the oral cavity (Dias & Tayles, 1997). Correct terminology and 

differentiation between different types of periapical lesion in dry bone has been the 

subject of some debate in the palaeopathological literature as most researchers simply 

refer to all pathological fenestrations in dental bone as abscesses (Dias & Tayles, 1997, 

Dias et al., 2007, Ogden, 2008). Morphologically, granulomata and cysts only differ from 

each other in size, with cysts exceeding a diameter of 3mm (Dias & Tayles, 1997). If a 

periapical abscess develops from a granuloma or cyst, it will lead to roughening of the 

otherwise smooth wall of the cavity (Dias & Tayles, 1997). A chronic abscess can be 

diagnosed if the walls of the cavity are rough and ragged and a bony sinus draining into 

the oral or sinus cavity is present (Ogden, 2008). Additionally, abscesses also commonly 

feature deposits of new bone formation surrounding the opening of the drainage (Dias 

& Tayles, 1997, Ogden, 2008). More thorough palaeopathological studies have shown 

that the vast majority of periapical lesions present in archaeological human remains are 

in fact granulomata or cysts (Dias et al., 2007, Ogden, 2008). This also corresponds with 

modern clinical studies (Stockdale & Chandler, 1988, Ramachandran Nair et al., 1996). 

Understanding the underlying cause of observed periapical lesions has further 

implications for inferences about the health of the individual. While granulomata and 

cysts represent benign processes, a true periapical abscesses represents a serious 

pathological insult and can potentially be fatal (Dias & Tayles, 1997, Ogden, 2008).  
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by anaemia lead to expansion of the diploe, new bone formation subsequent to an 

inflammatory response leads to thickening of the outer table but does not affect the 

marrow space (Ortner, 2003: 375). Consequently, differential diagnosis can only be 

achieved through radiography. Within the framework of this study, systematic 

radiography was not carried out on the skeletal remains from Amara West. Therefore, 

and due to the known uncertainties about the aetiology of porotic hyperostosis, the 

condition was not included in this study.  

4.3.5. Infectious diseases 

4.3.5.i. Introduction  

Before the introduction of modern medical care and the development of antibiotics, 

infectious diseases represented the most common cause of death in human populations. 

Infectious diseases comprise a wide variety of pathological conditions and can be caused 

by a large number of viral, bacterial, parasitic or mycotic pathogens (Kumar et al., 2013: 

310). An infectious agent can be spread by contact (direct or indirect), via respiratory 

droplets, the fecal-oral route, sexual transmission, vertical transmission from mother to 

fetus or a newborn baby, or via insect/arthropod vectors (Kumar et al., 2013: 319). 

Infection occurs if the agent overcomes the normal host immune defences or if the 

defence of the host is compromised by external factors such as other diseases, 

malnutrition, age or psychological stress (Kumar et al., 2013: 319). In addition to 

individual parameters, environmental influences such as population density, personal 

hygiene, climatic conditions or housing, as well as the virulence of a pathogen, can 

further influence the transmission and progression of infectious diseases (Ortner, 1991, 

Meade & Earickson, 2000). The pathomechanism of infection initially involves 

inflammation of the affected tissue, which represents a cellular response to an invading 

pathogen. Inflammation represents a protective response of the host cells, blood 

vessels, and proteins and other mediators with the purpose of eliminating the initial 

cause of cell injury, as well as the necrotic cells and tissues resulting from the original 

insult. If the organism survives the pathological insult, inflammation further initiates 

repair (Kumar et al., 2013: 29). Depending on the speed of onset, type of insult, 

virulence of the pathogen and immune response, inflammation can either be acute or 

chronic (Kumar et al., 2013: 29). In acute infection, the stimulus can either be 

eliminated, leading to decline of the reaction and consequent repair or if elimination is 

not achieved, rapid death of the organism.  
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Infection of bone can be either primary, or secondary through dissemination from a 

soft tissue infection (Resnick & Niwayama, 1995: 2326). The skeletal changes brought 

about by an infection affecting bone are usually manifested through new bone 

formation (by far the more common) or bone resorption or a combination of both 

(Kelley, 1989, Ortner, 2003: 181). Due to the physiological properties of bone, response 

to an inflammatory process is usually very slow, and therefore those infectious diseases 

affecting the skeleton tend to be sub-acute or chronic infections (Ortner, 1991, Ortner, 

2003: 181). Differential diagnosis of infectious diseases in human remains is problematic 

due to the fact that a large number of infectious diseases lead to very similar changes in 

the skeleton. Consequently, in palaeopathology it is common to separate infectious 

diseases into specific infections which can be linked to a specific organism such as 

tuberculosis, leprosy or treponemal diseases, and non-specific infections which can be 

caused by a variety of different agents (Roberts & Manchester, 2005: 168).  

4.3.5.ii. Non-specific infections 

The vast majority of skeletal changes associated with an infectious disease are non-

specific. The most common infectious agents involved in bone infection today are 

staphyloccoci, streptococci and pneumocci (Roberts & Manchester, 2005: 168). 

Depending on the type of skeletal tissue affected, infections are categorised into 

osteomyelitis (bone marrow), osteitis (bone cortex) and periostitis (periosteum) (Resnick 

& Niwayama, 1995: 2326, Ortner, 2003: 181). Differentiation between osteomyelitis and 

osteitis can only be achieved by applying radiographic techniques and is considered 

difficult even in the clinical context (Resnick & Niwayama, 1995: 2326). In 

palaeopathological studies, osteitis is relatively rarely diagnosed (Larsen, 1997: 83, 

Roberts & Manchester, 2005: 168) Osteomyelitis involves bone resorption, pus 

formation and bone repair leading to expansion both on the periosteal and endosteal 

sides of the bone (Resnick & Niwayama, 1995: 2335). In up to 90% of cases, 

osteomyelitis is caused by Staphylococcus aureus, spreading to bone through an open 

wound, from a soft tissue focus in the vicinity, or through haematogenous 

dissemination from a distant infectious origin (Ortner, 2003: 181). While osteomyelitis is 

only rarely diagnosed, by far the most common form of non-specific infection in 

archaeological human remains is periostitis (Larsen, 1997: 84). An inflammatory 

response in the periosteum leads to stimulation of the periosteal osteoblasts, typically 

manifested through fine pitting and new bone formation (NBF) (Freyschmidt, 1993: 

512). Periostitis can occur as a primary phenomenon but also secondary to a large 
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4.3.5.i. Infections of the respiratory tract 

4.3.5.i (a) Maxillary sinusitis 

Maxillary sinusitis represents one of the most common chronic diseases in modern 

human populations worldwide, particularly in children (Brook, 2012). It is defined as an 

inflammation of the mucous membrane inside one or more paranasal sinuses (maxillary, 

ethmoid, sphenoid and frontal sinuses) (Slavin et al., 2005). Inflammation of the sinuses 

is mainly caused by bacterial (most commonly), fungal or viral infections (Brook, 2012). 

Important predisposing risk factors are allergenic rhinitis, nasal polyps as well as 

environmental pollution because particles can cause obstruction to the cilial function, 

inhibiting drainage of the sinus and leading to accumulation of pathogens and 

consequent infection (Trevino, 1996, Roberts, 2007). Dental diseases, in particular 

periapical lesions in the upper molars, can further lead to secondary infection of the 

maxillary sinuses (Mehra & Jeong, 2009). If inflammation of the sinus mucosa reaches a 

chronic state, new bone formation can be triggered, allowing for a detection in 

archaeological human remains (e.g. Boocock et al., 1995b, Roberts, 2007).  

4.3.5.i (b) Pulmonary diseases 

Lung diseases comprise a large number of different conditions of infectious and 

non-infectious origin, including tuberculosis, pneumonia caused by infections with 

Staphylococcus, Streptococcus or other bacterial and viral agents, mycosis, cancer, asthma and 

aspergillosis, or inhalation of external material (Mason, 2010). In the skeleton, 

pulmonary diseases can be inferred through the presence of new bone formation on the 

visceral surfaces of the ribs, which is caused by secondary spread of chronic 

inflammatory conditions of the lung and lung pleura to the periosteum of the ribs 

(Roberts et al., 1994). In palaeopathological research, the disease most commonly 

associated with new bone formation in the ribs is tuberculosis (e.g. Kelley & Micozzi, 

1984, Pfeiffer, 1991, Roberts et al., 1994, Roberts et al., 1998, Matos & Santos, 2006, 

Santos & Roberts, 2006). This has gained further support through recent studies 

providing biomolecular evidence of TB in individuals where rib lesions have been 

found, even though the results are still far from conclusive and therefore a direct 

association cannot be proven with certainty (e.g. Nicklisch et al., 2012, Müller et al., 

2014). Corresponding data from the clinical literature is very rare. However, a 

radiographic study by Eyler et al. (1996), found enlargement of ribs (assumed to 

originate from NBF) to be most common in patients with TB, even though it was also 
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After having introduced the background of the bioarchaeological and biomolecular 

methods used to address investigate health, diet and living conditions at Amara West, 

the following chapter will detail the current stage of bioarchaeological research in Nubia. 
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(1952). However, the whereabouts of these remains is presently unknown (Rose, pers. 

comm., 2012).  

6.1.2.  The Aswan High Dam campaigns  

With the construction of the Aswan High Dam between 1960 and 1971 and the 

concurrent inundation of the Nile Valley between Aswan and the 2nd Cataract, Nubia 

saw another major wave of archaeological expeditions. Teams from 21 countries 

recorded over 1000 sites, and over a third were excavated (Adams, 1977: 86). In contrast 

to the foregoing salvage campaigns during the Archaeological Survey of Nubia, a 

significant number of the skeletal assemblages resulting from the Aswan High Dam 

campaigns were retained and distributed to museums and university departments all 

over Europe and the U.S. (see Table 6.1). Most importantly, these include the large 

collection of human remains from various time periods excavated by the Scandinavian 

Joint Expedition that included over 1500 individuals (Vagn Nielsen, 1970a), and the 

Medieval Christian cemeteries of Kulubnarti and Semna South excavated by the 

Universities of Kentucky and Colorado respectively. It is particularly these collections, 

recovered during the High Dam campaigns, which form the core of data for the 

bioarchaeological study of ancient Nubia (e.g. Armelagos, 1969, Van Gerven et al., 1973, 

Van Gerven et al., 1977, Hrdy, 1978, Van Gerven et al., 1981, Hummert & Van Gerven, 

1983, Martin et al., 1984, Van Gerven et al., 1995, Kilgore et al., 1997). This is because of 

their accessibility, their mostly good state of preservation and completeness, and the 

large sample size; additionally, there are comparatively good contextual data and 

documentation available, making their inclusion in studies on Nubian bioarchaeology 

common even today (e.g. Turner et al., 2007, Hibbs et al., 2011). 

After the Aswan High Dam campaigns in the 1960s, archaeological interest in 

Sudan increased and saw a steadily rising number of archaeological expeditions. 

Following the flooding of Lower Nubia research moved south into the regions of 

Upper Nubia, in particular into the Dongola Reach (Kerma, Kawa) and the area around 

Meroe. Notable cemetery excavations were carried out in the vast Kerma necropolises. 

These have been carried out by Bonnet (University of Geneva) since the 1970s, by 

French teams at Soleb, Sai Island, Sedeinga and Missiminia, or by the British 

Museum/SARS mission at Kawa. Nevertheless, the research output of these later 

excavations with regard to bioarchaeology is still very limited. Thus, while the 
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on dental morphology, and all have argued for a relatively homogenous population from 

at least the Neolithic period onwards (e.g. Small, 1981, Calcagno, 1986, Irish & Turner, 

1990, Turner & Markowitz, 1990, Larsen, 1997: 312, Irish, 2005). 

Different conclusions have been derived from archaeogenetic research. The data of 

Krings et al. (1999) that used mtDNA from 300 modern and ancient Egyptian and 

Nubian samples showed that there has been both north-south as well as south-north 

migration along the Nile Valley within the last 5000 years, the former occurring earlier 

than the latter. However, they acknowledge that in order to clarify when these 

migrations occurred, or to correlate them with known historical events such as the 

colonisation of Nubia, more analysis on ancient samples is required. A certain degree of 

variation was also detected by Keita & Boyce (2005) when analysing variations of Y 

chromosome haplotypes within the Nile Valley region, even though again their results 

are not conclusive enough to reconstruct population history. However, one of the main 

problems inhibiting biomolecular research in Nubian bioarchaeology is the detrimental 

effect of the hot arid climate on preservation of DNA (Krings et al., 1999).  

The interest in population migration history has recently been revisited, fuelled by 

the introduction of new scientific research methods such as the analysis of stable 

strontium and oxygen isotope ratios to explore origin and mobility (Buzon et al., 2007). 

Unfortunately, however, the Nile Valley region poses many potential problems for 

strontium/oxygen studies because of the very complex nature of the geology 

(Montgomery, pers. comm., 2011). Thus, the interpretation of isotopic data may not 

provide clear conclusions about the population history of Nubia, at least at this time. 

6.2.2. Studies in palaeopathology and population health  

Despite the large body of available skeletal and mummified human remains, the 

number of systematic bioarchaeological studies addressing questions about health and 

associated general living conditions in ancient Nubia is rather limited. The earliest 

palaeopathological reports again derive from the studies conducted during the First 

Archaeological Survey of Nubia (Smith & Jones, 1910). Their works were pioneering in 

palaeopathology in general, and their importance and influence for the development of 

the field stands without question (see above).  

Despite the early start, throughout most of the 20th century reports on pathological 

changes were either confined to a few pages at the end of skeletal reports, usually 

mentioning a few interesting observations but failing to provide any systematic, 
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population-based appraisals (Vagn Nielsen, 1970a, Dastugue, 1976, 1981, Canci, 2006), 

or published case-studies. The first population-based study of disease patterning in 

ancient Nubia was carried out by Armelagos (1969), analysing disease patterns in the 

Wadi Halfa region in Lower Nubia from the Meriotic, X-group and Christian period. 

Since then a growing body of works has focused on aspects of changes in health and 

disease patterns in relation to socioeconomic or cultural changes (e.g. Van Gerven et al., 

1981, Hummert & Van Gerven, 1983, Martin et al., 1984, Van Gerven et al., 1995). 

These studies have employed a wide range of different health indicators such as skeletal 

growth, childhood mortality, dental disease (Beckett & Lovell, 1994) and general stress 

markers (Buzon, 2006b, Buzon & Richman, 2007, Buzon & Judd, 2008).  

In addition, the presence of a number of specific infectious and parasitic conditions 

has been established on the basis of skeletal and mummified remains. Tuberculosis, 

already noted by Smith & Jones, is attested through skeletal remains from around 

3000BC onwards (Roberts & Buikstra, 2003: 167), and Zink et al. (2006) have found 

evidence of leishmaniasis-DNA in Christian mummies from Wadi Halfa. However, 

based on the finding of leishmaniasis-DNA in Middle Kingdom remains at Thebes in 

Egypt, they argue that the disease may have been present in Nubia much earlier and that 

sub-Saharan Sudan seems to be the most likely origin. Mummified remains from the 

same skeletal assemblage also provided the earliest known evidence for Schistosomiasis 

mansoni which, until then, had been assumed to be a fairly recent phenomenon in Nubia 

(Hibbs et al., 2011). The second form of this parasitic disease, S. haematobium had already 

been detected in mummified remains from Sai Island dating to the Kerma ancien period 

(Bouchet et al., 2003). Another major research topic in Nubian palaeopathology has 

been trauma, both in relation to occupational hazards but, more importantly, to warfare 

and interpersonal violence (e.g. Filer, 1992, Kilgore et al., 1997, Alvrus, 1999, Judd, 2006, 

Buzon & Richman, 2007). This has been of particular interest with regard to 

colonisation strategies and postulated population movements to and from the region.  

However, despite the abundance of available well preserved skeletal collections (see 

Table 6.1 for an overview) and the long history of bioarchaeological research in Nubia, 

knowledge about health, living conditions and disease patterns over the course of 

history is sketchy at best. Only from the Meroitic until the late medieval Christian period 

is the situation better as the number of well documented and readily accessible skeletal 

collections is far greater. As for the earlier periods of Nubian history, a large number of 

human remains were irretrievably lost due to a lack of emphasis on skeletal remains, and 
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bioarchaeological study, as well as the analytical methods and recording procedures, will 

be introduced.
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securely assigned to an individual, limiting their value for palaeopathological research. 

Excluded from the systematic analysis were individuals from commingled contexts if they 

were not considered complete enough to meet the criteria and research aims outlined 

above. The assemblage analysed in this study only comprised skeletal remains. Soft tissue 

preservation was restricted to small fragments (see Figure 7.1) which could be used for 

further analysis in due course but were not included in this study.  

Preservation of the human remains 

was very varied across the site with 

major differences between tomb types, 

parts of the site, as well as different 

individuals within burial chambers. 

Generally, preservation was much 

better for graves carved into silt than 

for rock-cut tombs, owing to the high 

salt content of the schist bedrock 

resulting in higher acidity, known to 

have a detrimental effect on bone preservation (Nielsen-Marsh et al., 2000). Additional 

damage was caused by termites and/or dermatoid beetles (see Figure 7.2). 

 

 

Due to the support of the National Corporation of Antiquities and Museums, Sudan, 

the entire assemblage was donated to the British Museum and is now permanently curated 

in the Department of Ancient Egypt and Sudan at the British Museum. All analyses were 

caried out in the Institute for Bioarchaeology Laboratory at the museum. The original 

recording forms for this study are also archived there. 

Figure 7.2 Postmortem damage: deteriorated teeth (G244, Cemetery C), termite damage in bone (G234, 
Cemetery C) 

Figure 7.1 Mummified brain of Sk244-4 (New Kingdom) 
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7.2.7.ii. Estimating sub-adult age-at-death 

7.2.7.ii (a) Introduction 

Estimating age in sub-adult remains considers different aspects of skeletal and dental 

maturation. These follow known chronological schemes and allow for a relatively accurate 

estimation of age at death in comparison to adult ageing methods. The main shortcoming 

of all age estimation methods applied to sub-adult human remains is the fact that they 

derive from observations made on the developing teeth and bones of modern children. 

However, the timing and sequence of development, in particular with regards bones, is 

known to be highly susceptible to negative environmental influences such as disease or 

malnutrition, influences highly likely to have affected past human populations. In addition, 

growth patterns are known to vary between male and female children. Therefore, the 

additional persistent lack of reliable methods to sex sub-adult individuals (see Section 7.2.6) 

further limits the accuracy with which age-at-death can be determined (Scheuer & Black, 

2000a). Another problem is the fact that a considerable number of these standards have 

been devised using very small (modern) sample sizes, largely limiting their reliability (2004). 

Consequently, even though age-at-death can be much more precisely estimated than in 

adults, sub-adult aging still has to be confined to relatively broad ranges. The accuracy for 

which an age estimate can be obtained varies according to the age range observed and the 

number of developmental features observed for each individual. With increasing age 

children become more likely to be exposed to external influences and thus the most 

accurate values can be obtained for young sub-adult skeletons (Saunders, 2008).  

7.2.7.ii (b) Developmental stages of the teeth 

Dental development is generally considered to be the most reliable age marker in sub-

adult remains (O'Connell, 2004). It comprises two different processes: tooth formation and 

tooth eruption which both follow a very tight chronological scheme and can therefore be 

used in estimating age. Its major strength lies in the fact that, in contrast to bone, dental 

development is largely independent of external influences and resistant to hormonal and 

genetic disturbances. Only tooth eruption can be affected by dental disease and 

physiological stress and therefore it is slightly less reliable than tooth formation. Moreover, 

due to its vulnerability to environmental factors, dental eruption has been shown to be 

more variable between different populations and socioeconomic groups (Smith, 1991). 

Therefore, many have argued that caution is needed when applying common dental 
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eruption standards to samples of different environmental or geographical origin (Halcrow 

et al., 2007) 

In order to infer age-at-death in the sub-adult remains at Amara West, both tooth 

formation and tooth eruption were considered. The stages of dental formation were 

recorded following the standards proposed by Moorees and co-workers (Moorees et al., 

1963a, b, Smith, 1991). This system is widely applied in bioarchaeological studies and 

generally considered the most reliable (Smith, 1991). One of the short-comings of this 

method is that for complete dentitions radiography is required to examine the degree of 

development. However, due to the state of preservation of the Amara West sample, this 

has only very rarely been a necessity. In addition, the system proposed by Ubelaker (1989) 

which considers both tooth formation and tooth eruption was applied, even though it is 

acknowledged that this method was devised on pre-Columbian Native American remains 

and are therefore only broadly comparable to the collection under study.  

7.2.7.ii (c) Skeletal development 

Estimating age from bone development can be achieved based on two aspects: 

appearance and fusion of epiphyses and bone length (Brickley, 2004c). However, there are 

again numerous problems inherent to the process itself, but also with regard to the analytic 

methods available. In contrast to teeth, maturation of bones is significantly more variable 

and vulnerable to internal and external influences such as genetic factors, disease or 

malnutrition, considerably limiting their value in bioarchaeological research (Scheuer & 

Black, 2000a, Saunders, 2008). Timing of epiphyseal fusion is particularly problematic as it 

varies considerably between the sexes, a variable that is almost always unknown in 

archaeological samples (see below) and a considerable time span can elapse between the 

onset and completion of epiphyseal fusion (Scheuer & Black, 2000a).  

A number of standards are available both for recording long bone diaphyseal length 

and epiphyseal union. With regard to the standards used for assigning age at death, again 

most of them have been developed on modern and often very small non-adult samples 

which most certainly have a different environmental, nutritional and socio-economic 

background to those of archaeological samples and are therefore not necessarily 

comparable (Brickley, 2004c). Equally problematic is the fact that many of the standards 

were developed using radiographs rather than dry bones (Brickley, 2004c). It has been 

shown that identification of epiphysial fusion stages from radiographs can be very difficult 

and prone to inter-observer error, and in addition, there seem to be differences between 
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ages associated with radiographic stages and stages observed in dry bone (Scheuer & Black, 

2000b: 12). Moreover it has to be taken into account that, due to large genetic influences, 

growth patterns vary between populations (Saunders, 2008). Therefore, standards 

developed for one population do not necessary to give an accurate reflection of 

chronological age in another and it is advisable to choose standards developed on skeletal 

samples of comparable origin and geographic location (Saunders, 2008). Another issue 

often arising in bioarchaeological studies is preservation. Small epiphyses, especially in very 

young children, are often not excavated or do not survive due to taphonomic reasons. 

Therefore, appearance of epiphyses has not been proven to be a very useful aging 

technique in bioarchaeology (Saunders, 2008).  

Bearing the above mentioned methodological shortcomings in mind, developmental 

stages of the skeleton were recorded at Amara West, using stages of epiphyseal union as 

well as long bone length. Long bone length was measured using sliding callipers and an 

osteometric board according to the suggestions by Buikstra & Ubelaker (1994) and lengths 

were recorded to the nearest millimetre. As for epiphyseal union, all available epiphyses 

were recorded and classified into the developmental stages: non-union, partial union and 

complete union (Buikstra & Ubelaker, 1994: 41).  

Age estimates based on epiphyseal union were obtained using the data given in Scheuer 

& Black (2000b) as recommended by Brickley (2004c) despite acknowledging the fact that 

some of these data were collected from very small samples and are therefore not necessarily 

robust. With regard to long bone length, the most widely applied standards are again those 

cited in Scheuer & Black (2000b) which are mainly based on modern European or 

American clinical samples. Given the different geographical and environmental background 

of the Amara West sample, measurements given in the detailed growth study of human 

remains from the Lower Nubian sites of Kulubnarti and Wadi Halfa reported by Hummert 

& Van Gerven (1983) were also taken into consideration. Even though they are derived 

from an archaeological sample of unknown age, standards were developed in relationship 

to dental development. In foetal skeletons age estimation was determined based on the 

standards developed by Fazekas & Kósa (1978, Kósa, 1989) which were devised from a 

large forensic sample from Hungary. They are widely accepted in bioarchaeological studies 

(Buikstra & Ubelaker, 1994), even though concerns have been raised as to their validity as 

the sample on which they developed their method included a large number of individuals 

of unknown age-at-death (Scheuer & Black, 2000a) 
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general level of preservation of the skull was poor and the sample size would have been 

very small for individual measurements. In addition, this study did not address any research 

questions that necessitated craniometric data. 

Element Measurement Code4 
Humerus Maximum length H1 
 Maximum diameter head H9 
 Maximum shaft circumference H7a 
 Maximum midshaft diameter H5 
 Minimum midshaft diameter H6 
Ulna Maximum length U1 
Radius Maximum length R1 
Clavicle Maximum length C1 
Femur Maximum length  F1 
 Oblique length F2 
 Antero-posterior AP) midshaft 

diameter 
F10 

 Mediolateral midshaft (ML)diameter F9 
 Maximum head diameter F15 
Tibia Maximum length T1 
 Bicondylar width  
 A-P diameter at nutrient foramen T8a 
 M-L diameter at nutritient foramen T9a 
Fibula Maximum length  

Table 7.10 Measurements taken in this study 

7.2.9. Stature 

Even though growth potential is determined by genetic factors, external influences 

such as disease or nutritional status influence can affect achieved stature. Therefore, long 

bone length is generally considered a very good indicator of living conditions for the 

growth period in past human populations (Goodman & Martin, 2002). However, as with a 

large number of analytical methods commonly applied to the study of archaeological 

human remains, calculating stature from dry bone is not without serious shortcomings. 

Stature estimation is based on the assumption that overall stature directly correlates with 

the length of individual long bones. Over the past decades a large number of different 

formulae have been developed, allowing for calculation of body height (e.g. Trotter & 

Gleser, 1952, 1958, Sjovold, 1990). However, tests on these formulae on known height 

skeletons have shown that the accuracy of all these formulae is fairly low. Again, a main 

obstacle lies in the strong genetic component that affects body size, and that there are 

major differences between the sexes and between groups when correlating body size and 

                                                 
4 Martin & Saller 1957 
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comparison of the Amara West population with other groups both within Nubia (e.g. 

Buzon, 2006b, Buzon & Judd, 2008) as well as outside (e.g. Steckel & Rose, 2002, Redfern, 

2008). However, some adjustments had to be made with regard to recording methods 

(specified in Section 7.2.10) as some methods observed in the GHHP5 present challenges 

and appear to oversimplify more complex phenomena such as changes in the orbital roof 

(e.g. Wapler et al., 2004). Thus, while adhering to the original catalogue of markers 

suggested by Goodman and Martin (Goodman & Martin, 2002), some adaptations had to 

be made in accordance with current palaeopathological literature. These are outlined in the 

text below. In addition, the range of health indicators was extended with other dental 

pathologies and a more specific consideration of non-specific infections.  

The main objective of any such recording protocol is the detailed and objective 

description of pathological changes which are the necessary basis for any further 

differential diagnosis. Any lesions need to be recorded in a way that allows other 

researchers to review and evaluate diagnoses and to reach independent conclusions (e.g. 

Buikstra & Ubelaker, 1994: 108, Lovell, 2000, Roberts & Connell, 2004). This can only be 

achieved if researchers adhere to a clear, unambiguous terminology when recording 

pathological changes (e.g. Ortner, 1991, Buikstra & Ubelaker, 1994: 107, Lovell, 2000). In 

compliance with these requirements, any pathological lesions observed in the Amara West 

remains was recorded following the descriptive protocol outlined by Roberts & Connell 

(2004) comprising  

(1) bone element and side affected 

(2) location on the element 

(3) extent of the lesion 

(4) type of lesion (bone formation/destruction) 

(5) in cases with bone formation, the type of newly formed bone  

(6) evidence and degree of healing 

However, while these parameters were generally documented for any pathological 

change observed in the sample, differential diagnosis of specific disease processes was not 

the aim of this study. Rather, the aim was to conduct a general analysis of indicators of ill 

health and malnutrition in order to gain an insight into living conditions of the population 

living at Amara West. Therefore more refined recording methods allowing for the 

                                                 
5 http://global.sbs.ohio-state.edu 

http://global.sbs.ohio-state.edu/
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areas of intact alveolar bone. However, systematically recording periodontal disease poses 

several difficulties. On one hand it is difficult to distinguish between  periodontal disease 

and remodelling of alveolar bone caused by eruption or teeth wear which is a normal 

physiological process and must not be considered pathological (Hillson, 2008). 

Furthermore, the thin alveolar bone is highly vulnerable to post-mortem changes which 

can mimic periodontal diseases as well. Thus, alveolar bone was examined and recorded 

through use of a hand lens only in order to avoid confusion with post-mortem damage. As 

periodontal disease is a generalised process, the results were only analysed according to 

number of individuals affected.  

7.2.10.iii (h) Dental Enamel Hypoplasia 

Dental enamel hypoplasias represent phases of growth arrest in the formation of dental 

enamel and are expressed as transverse lines, grooves or pits in the tooth crowns (Lukacs, 

1989). Causes include systemic physiological stress, localized trauma and, less commonly, 

genetic disturbances (Goodman & Rose, 1991). Defects were classified according to the 

scheme of Lukacs (1989) as the presence of a pit, groove or line. Since any systemic 

disruption potentially leads to hypoplastic defects on multiple teeth, individuals with only 

one tooth observable or displaying single lines were excluded from the analysis in order to 

avoid confusion with traumatically induced hypoplasias.  

7.2.10.iii (i) Orbital lesions  

Orbital lesions (cribra orbitalia) are diagnosed based on the presence of surface 

changes and pitting on the orbital roof. A grading system for recording these changes was 

devised by Stuart-Macadam (1991) and is now widely applied in bioarchaeological studies. 

However, diagnosing pathological changes in the orbital roof is not straightforward as a 

number of different disease processes such as scurvy or infections of the eye have been 

shown to produce lesions (see 4.3.4) that can be very difficult to determine based on 

macroscopic analysis alone (Wapler et al., 2004). Therefore, it has been argued that without 

radiographic or histological analysis, differential diagnosis is not possible (Schultz, 2001, 

Ortner, 2003). Differential diagnosis of changes in the orbital roof proved to be particularly 

problematic in the Amara West sample as many different expressions of lesions could be 

observed, and a wide range of equally plausible differential diagnostic options can be 

considered, as has been shown by Wapler and co-workers (2004) in their analysis of nearby 

Missiminia.  
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The pathological changes affecting the orbital roof were categorised based on the 

system developed by Stuart-Macadam (1991) outlined below (see Table 7.12). However, a 

large number of individuals also displayed lesions that did not fall within this classification 

system and affected other areas of the orbital cavity. These changes, mainly comprising 

evidence of new bone formation could be indicative of scurvy but also of an infectious 

process affecting the eye (Wapler et al., 2004), and were described using the criteria outlined 

in Table 7.12. In order not to confuse pathological lesions with growth related changes, 

only individuals over  0.5 years of age were included in the study. 

0 no pitting 

1 vessel impressions 

2 small scattered foramina 

3 small to larger pits with small coalescence 

4 coalescent pits 

5 trabecular outgrowth 

Table 7.12 Grading system for cribra orbitalia after Stuart-Macadam (1991) 

7.2.10.iv. Non-specific markers of disease 

7.2.10.iv (a) New bone formation 

New bone formation in adults results from an inflammatory process of the periosteal 

tissue surrounding all bones apart from joints (Ortner, 2003: 206). These changes can be 

indicative of a number of different pathological processes such as various specific and non-

specific infectious diseases as well as trauma (Ortner, 2003: 206, Weston, 2008). 

Differentiating between potential causes cannot be easily achieved, and even the 

application of biomolecular or histological techniques does not necessarily lead to an 

unambiguous diagnosis. However, location, laterality and distribution of periosteal new 

bone deposits are important recording criteria and potentially provide differential 

diagnostic markers (Ortner, 2003: 206). Therefore, new bone formation was recorded 

regarding the parameters listed in Table 7.13. Examination was carried out macroscopically, 

aided by a hand lens if necessary. 

Element Location Side Type of bone Distribution  Activity 
  Right woven discrete active 
  Left lamellar multifocal healing 
  Bilateral mixed diffuse healed 

 Table 7.13 Parameters recorded for bone formation 
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addition, caution was given to diagnosing an infection in sub-adults due to the fact that 

pitting in sub-adult maxillae may also be developmentally induced (Lewis et al., 1995). If the 

maxillary sinuses were intact, an endoscope was used for examination. If changes were 

present, the type of new bone formation (lamellar vs. woven), location and extent were 

recorded. In addition, the presence of dental pathologies in the upper jaw was noted 

seperately as they can also lead to an infection of the maxillary sinuses (Boocock et al., 

1995a).  

7.2.10.v (c) Infection of the ribs  

Particular attention was also given to the visceral surfaces of the ribs as these areas that 

can display periosteal new bone formation which may be associated with an infection of 

the lower respiratory tract (e.g. Roberts et al., 1994, Santos & Roberts, 2006). Examination 

was carried out macroscopically and any changes were recorded according to the system 

outlined in Section 7.2.10.iv. 

7.2.10.vi. Pathological changes on the endocranium 

Pathological changes on the inner table of the skull can be caused by a number of 

different disease processes such as scurvy, tuberculosis, meningitis and trauma and can, in 

the absence of further differential diagnostic features or analytical tools, usually not be 

attributed to a specific disease process (Schultz, 2001). They are particularly commonly 

observed in sub-adult remains and usually derive from an inflammatory process of the 

meninges which is manifested by new bone formation and increased impressions of the 

meningeal vessels (Lewis, 2007: 141), but it should be remarked that new bone formation 

on the endocranium can be the result of normal growth. Consequently, sub-adult 

individuals were examined but only diagnosed as pathological if other changes suggestive 

of a disease were present too. 

All available skulls were examined for evidence of endocranial lesions. If present, 

recording included the exact location, extent and type of bone changes present. 

7.2.10.vii. Trauma 

7.2.10.vii (a) Fractures 

Evidence of trauma was examined and recorded on all skeletal elements recovered at 

Amara West. A fracture was deemed present if a callus was present (indicating healing) 

and/ or if the bone showed abnormal angulation on healing. Only in doubtful cases was 
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Body Intervertebral joints (left/right)  
superior aspect superior articular facet 
inferior aspect inferior articular facet 
 transverse process (thoracic vertebrae only) 
 costal facet (thoracic vertebrae only) 

Table 7.16 Areas of the vertebra examined for osteoarthritis  

7.2.11. Stable isotope analysis 

7.2.11.i. Carbon and nitrogen isotope ratios from collagen 

Samples for carbon and nitrogen isotope analysis were taken from the cortex of long 

bones and ribs of six New Kingdom and 14 post-New Kingdom individuals (see Table 

8.72). The individuals were chosen in order to achieve a representative cross-section 

through both cemeteries, time periods and tomb types. Collagen extraction was carried out 

following the protocols established by Longin (Longin, 1971) and modified by including an 

additional ultrafiltration step (Richards & Hedges, 1999). Dentine was sampled in one New 

Kingdom and five post-New Kingdom individuals. Between 170 and 200mg of bone or 

dentine were removed using a saw and gently crushed with a pestle and mortar. The 

resulting powder was weighed into a test tube and demineralised in 0.5M HCl at 4°C for 

three days. The remaining solution was gelatinised at pH3 under heat (75°C) for 48 hours. 

The supernatant was then ultra-filtered and consecutively freeze-dried. Afterwards, the 

tubes were weighed again to establish the amount of remaining collagen.  

7.2.11.ii. Carbon and oxygen isotope ratios from apatite carbonate 

For analysis of carbon and oxygen isotope ratios from carbonate in tooth enamel, six 

New Kingdom and 18 post-New Kingdom individuals were chosen (see Table 8.73). The 

choice of individuals to be included in the study was based on considerations ensuring 

representative distribution across both cemeteries, time periods, and tomb types as well as 

general preservation of teeth. The sample was further complemented by teeth from ten 

animals (one sheep, two pigs, seven cattle6) taken from closed contexts within different 

areas of the settlement. Only one tooth per individual was taken for each individual. Third 

molars were the tooth of choice because the enamel only forms between 7 and 16 years of 

age (Smith, 1991) and therefore represents the best proxy for adult diet. If third molars 

were not available, they were substituted by second molars. The tooth surfaces were 

cleaned of debris using a KaVo EWL K4 dental drill. Cleaned enamel fragments were then 
                                                 
6 Determination of species was kindly provided by C. Clegg, Department of Archaeology, Durham 

University 
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  NK Post-NK Total 

Young 
adults 

n 14 39 53 
% 56.0 53.4 54.1 

Middle 
adults 

n 9 25 34 
% 36.0 34.2 34.7 

Old adults 
n 2 9 11 
% 8.0 12.3 11.2 

 N  25 73 98 

Table 8.2 Mortality of adult individuals (n=number of burials in each age category, N=total number of 
individuals in each time period) 

When comparing mortality of adults whose age could be determined (see Table 8.2), 

there are again no major differences between the two samples. While the percentage of 

young adults is similar (New Kingdom: 14 individuals, 56.0%; post-New Kingdom: 39 

individuals 53.4%), the percentage of middle adults is slightly higher in the New Kingdom 

period with 36.0% (nine individuals) compared to 34.2% (25 individuals). As for the old 

adults, more people lived to this age range in the post-New Kingdom period (nine 

individuals versus only two in the New Kingdom) even though this could also be an 

artefact of the small sample size in the New Kingdom period. 

 

  Female Male 

  NK Post-
NK Total NK Post-

NK Total 

Young 
adults 

n 6 20 26 6 17 23 
% 37.5 45.5 44.1 50.0 50.0 50.0 

Middle 
adults 

n 6 11 16 3 11 14 
% 37.5 25.0 27.1 25.0 32.4 30.4 

Old 
adults 

n 1 6 7 0 3 3 
% 6.3 13.6 11.9 - 8.8 6.5 

Indet. 
n 3 7 10 3 3 6 
% 18.8 15.9 16.9 25.0 8.8 13.0 

 N  16 44 59 12 34 46 

Table 8.3 Sex-related mortality rates (n=number of burials in each age category, N=total number of 
individuals in each time period) 
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Age-at-death distribution was further analysed separately for male and female 

individuals. The results are presented in Table 8.3 and Figure 8.2. As for the general 

sample, mortality was highest in the young adult age range in both the females and males 

(females: 44.4%, males: 50.0%). In female individuals, the number of young and middle 

adults was similar during the New Kingdom period with 37.5% for each group. In contrast, 

during the post-New Kingdom period, mortality was highest in the young adult range 

(45.5%). Old adult females were equally rare in both samples, with 18.8% during the New 

Kingdom and 15.9% during the post-New Kingdom period. Age-at-death distribution in 

the male sample was different. In both time periods, mortality was much higher in the 

young adults (New Kingdom and post-New Kingdom 50.0%) than in the middle and old 

adult ranges. Old adults again were generally rare, even though slightly more common in 

females (New Kingdom: 6.3%, one individual, post-New Kingdom 13.6%, 6 individuals) 

than in males (New Kingdom: 0.0%, post-New Kingdom: 8.8%, 3 individuals). The 

number of individuals with insufficient features preserved for aging was relatively similar 

with 18.8% and 13.6% in New Kingdom and post-New Kingdom females and 25.0% and 

8.8% in New Kingdom and post-New Kingdom males, respectively.  

  

0,0% 
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20,0% 
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NK females 

Post-NK females 

NK males 

Post-NK males 

Figure 8.2 Comparison of female and male mortality 
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8.2.3. Sex distribution of the adult individuals 

 

  NK Post-NK  Total 

Female 
n 16 43 59 
% 45.7 46.2 46.1 

Male 
n 12 34 46 
% 34.3 36.6 35.9 

Indifferent 
n 7 16 23 
% 20.0 17.2 18.0 

Total N  35 93 128 

Table 8.5 Distribution of male and female individuals in the sample (n=number of burials in each age 
category, N=total number of individuals in each time period) 

Assessment of sex was carried out on all adult individuals. The results are presented in 

Figure 8.4 and Table 8.5. The number of female individuals (New Kingdom 45.7%, 16 

individuals, post-New Kingdom 46.2%, 43 individuals) was higher in both samples than the 

total number of males (New Kingdom 34.3%, 12 individuals, post-New Kingdom: 36.6% 

34 individuals). The ratio of female to male individuals is very similar in both time periods. 

A total of 23 individuals included in the analysis of pathological changes could not be sexed 

due to lack of, or insufficient preservation or expression of, sexual dimorphic features. No 

major differences could be observed between the two chronological samples.  

0,0% 

10,0% 

20,0% 

30,0% 

40,0% 
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Female Male Indifferent 

NK 

Post-NK 

Figure 8.4 Sex distribution in New Kingdom and post-New 
Kingdom samples 
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8.3. Stature 

8.3.1. Estimated stature 

The results for stature estimation are presented in Table 8.6. Stature could only be 

calculated for one New Kingdom female who had a value higher than the average value for 

post-New Kingdom females. Mean statures for the male individuals were almost similar in 

both time periods at 163.3cm (StD=5.90) and 163.3cm (StD=4.06), respectively, even 

though again sample size for the New Kingdom sample is significantly lower.  

 NK Post-NK 

 N Mean  StD N Mean  StD 
Females 1 158.6  15 155.9 3.50 
Males 3 163.3 5.90 19 163.3 4.06 

Table 8.6 Mean values for estimated stature of male and female individuals (length in cms, N=total number 
of individuals with long bones preserved) 

8.3.2. Mean femur length  

Mean femur length could only be analysed for the post-New Kingdom period because 

in New Kingdom individuals no femura were sufficiently well preserved (see Table 8.7). 

While the mean length for the female individuals was 41.33cm, the average length of male 

femora was 44.36cm.  

Sex N Mean femur length StD 
Females 15 41.33 2.01 
Males 16 44.36 2.01 

Table 8.7 Mean femur lengths of male and female individuals during the post-NK period (length in cms, 
N=total number of individuals with a femur preserved) 
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rationale, methods and procedures see Chapter 7. Unfortunately the number of individuals 

who could be included in this analysis was low with only 15 individuals having both teeth 

and long bones well enough preserved to be included in the analysis. While in younger 

children, dental and long bone age correspond well with no differences between dental age 

and age estimated from long bone length, there is a marked deviation in children between 7 

and 12 years. Unusually, the ages obtained from long bones consistently indicate a higher 

age-at-death than that seen in the teeth. 

8.5. Dental disease 

8.5.1. Tooth preservation 

Table 8.9 presents the general preservation of the dentition and tooth sockets of both 

samples. Frequencies were calculated as a percentage of all possible tooth socket positions. 

Dental preservation was generally rather poor in both samples. Only 59.6% of the New 

Kingdom dentitions and 63.1% of the post-New Kingdom dentitions were observable. In 

both time periods, only about one quarter (New Kingdom 24.0%; post-New Kingdom 

26.6%) of all permanent teeth were fully preserved either within their sockets (18.6%/ 

21.5%) or as isolated teeth (5.2%/4.9%). The majority of teeth were either broken or lost 

prior to or after death. Values are quite similar in the New Kingdom and post-New 

Kingdom period, with only the percentage of teeth lost antemortem being slightly higher 

during the post-New Kingdom period (18.6% vs. 13.6% during the New Kingdom period).  
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  NK Post-NK  Total 

Dention not 
preserved 

n 364 1024 1388 

% 40.4 39.6 37.7 

Tooth present 
n 167 592 759 

% 18.6 21.5 20.9 

Lost pm 
n 94 321 415 

% 10.5 11.7 11.4 

Lost am 
n 122 511 633 

% 13.6 18.6 17.4 

Broken pm 
n 53 44 97 

% 5.9 1.6 2.7 

Root only 
n 37 63 100 

% 4.1 2.3 2.8 

Congenitally absent 
n 0 6 6 

% - 0.2 0.2 

Not erupted 
n 12 56 68 

% 1.3 2.0 1.9 

Isolated tooth 
n 47 135 182 

% 5.2 4.9 5.0 

Total positions 
observable 

n 532 1728 2260 

% 59.6 63.1 62.3 

Total teeth 
observable 

n 214 727 941 

% 24.0 26.6 25.9 

Table 8.9 General preservation of teeth (total = possible tooth socket positions: New Kingdom N=892, post-
New Kingdom N=2738, total N=3630) 

8.5.2. Dental attrition  

8.5.2.i. General remarks 

Mean values were calculated based on the number of teeth observed for dental 

attrition for each tooth type and are presented separately for maxillary (see Table 8.10) and 

mandibular teeth (see Table 8.11). Anterior teeth were scored according to Smith (1984) 

with values ranging between 1 and 8, while molars were scored with values ranging 

between 4 and 40 according to Scott (1979). Only molars with a complete crown and all 

four sections observable were included in the analysis. Mean values were calculated for the 

entire sample as well as for each age category seperately. 

8.5.2.ii. Maxillary Teeth 

Attrition of teeth was generally rather high for the upper (see Figures III.70, III.75) 

and lower dentition in both the New Kingdom and post-New Kingdom samples even 



8.5 Dental disease   173 

 

though attrition generally tended to be higher in New Kingdom anterior teeth and post-

New Kingdom molars. No clear pattern in the difference between the time periods was 

observable. However, the New Kingdom sample size is rather low. In the maxillary teeth, 

in the young adult category, dental attrition is higher in the post-New Kingdom period for 

the anterior teeth and 3rd molars. The opposite holds true for the middle adult individuals, 

where attrition is lower in the anterior teeth during the post-New Kingdom period, and 

slightly higher than during the New Kingdom in the 1st and 3rd molars. In the old adult 

category an insufficient number of teeth were observable to allow for any more 

comprehensive conclusions. 

8.5.2.iii. Mandibular teeth 

Dental attrition in the mandibular teeth (see Table 8.11) again does not differ 

significantly between the time periods even though it was generally slightly higher during 

the post-New Kingdom period with the exception of the 3rd molar. Within age groups, 

marked differences were only observed in middle adults, with higher attrition in the New 

Kingdom P4 and M1, even though this comparison is based on one New Kingdom and 

two post-New Kingdom individuals. Rates do not appear to rise very much from the young 

adult to the middle adult group, which is likely to be explained by the increasing degree of 

AMTL in older individuals. 
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 I1  I2  C  P3  P4  M1  M2  M3 

 
 NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK 

Sub-
adults 

n 0 6  1 5  1 3  1 6  1 5  1 10  1 4  1 4 
mA - 2.0  2.0 2.0  2.0 2.0  - 2.0  - 2.0  6.5 9.5  - 5.3  - 4.0  

Young 
Adults 

n 9 18  8 18  9 19  7 20  8 26  7 14  5 11  7 14 
mA 4.3 5.4  3.2 4.4  4.3 5.0  4.9 5.5  5.0 5.2  25.1 20.4  15.7 14.1  9.2 12.0  

Middle 
adults 

n 2 6  0 8  3 7  1 9  2 5  2 5  6 8  2 7 
mA 7.0 6.7  - 6.6  8.0 6.4  8.0 6.3  7.0 6.2  24.0 24.2  26.0 16.8  10.0 13.3  

Old 
adults 

n 0 3  0 0  0 2  0 0  0 3  0 0  0 1  0 1 
mA - 7.3  - -  - 6.5  - -  - 5.8  - -  - 14.0  - 7.0 

Adult 
indet 

n 3 1  2 2  3 5  1 5  2 3  1 4  6 4  2 5 
mA 2.7 5.0  2.0 5.0  2.8 5.0  2.0 4.5  4.0 4.5  30.0 23.8  26.0 11.5  8.5 12.4 

Total 
n 14 39  11 33  15 36  9 37  12 41  11 33  7 28  11 31 

mA 4.4 5.4  2.9 4.6  4.7 5.1  5.0 5.3  5.2 4.9  21.9 17.8  17.8 13.6  9.6 11.0 
 

Table 8.10 Mean dental attrition of the maxillary teeth (left and right side pooled, n= Number of individuals with tooth type preserved, mA=mean attrition) 
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 I1 I2 C P3 P4 M1 M2 M3 

 
 NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK  NK pNK 

Sub-
adults 

n 0 6  0 3  0 3  0 4  0 0  1 5  0 6  0 1 
mA - 1.7  - 2.0  - 3.0  - 4.0  - -  4.0 9.5  - 6.8  - 8.0 

Young 
Adults 

n 12 25  8 28  9 27  3 19  4 16  8 12  10 14  6 17 
mA 4.0 6.5  3.6 5.8  4.0 5.5  3.5 4.7  3.3 5.0  26.0 29.5  16.7 20.3  14.2 14.7 

Middle 
adults 

n 0 13  2 12  2 12  3 6  2 7  1 2  0 4  2 5 
mA - 6.8  7.5 6.6  6.0 6.7  7.0 7.0  7.5 5.8  35.0 22.0  - 20.5  13.5 18.4 

Old 
adults 

n 0 7  0 6  0 5  0 3  0 3  0 1  0 3  1 1 
mA - 7.6  - 7.0  - 6.7  - 6.5  - 5.8  - 30.0  - 20.3  18.0 14.0 

Adult 
indet 

n 0 1  0 2  0 1  1 2  0 1  1 3  6 4  2 3 
mA - 4.0  - 4.0  - 7.0  6.0 6.0  - 7.0  18.0 20.5  21.0 25.0  15.5 23.5 

Total 
n 12 49  10 51  7 48  7 31  6 27  11 23  11 31  11 27 

mA 4.0 6.1  4.4 5.9  4.8 5.8  5.3 5.4  4.1 5.3  24.5 23.2  17.0 18.4  15.3 15.7 

Table 8.11 Mean dental attrition values for mandibular teeth (left and right side pooled, n= Number of individuals with tooth type preserved, mA=mean attrition)
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8.5.3.  Caries 

Caries prevalence rates were calculated according to the number of teeth preserved for 

observation (see Figure 8.6, Table 8.12) as well as based on the number of individuals (see 

Figure 8.7, Table 8.13) 

 

  NK Post-NK Total 

Sub-adults 
n/N  2/15 10/131 12/146 

% 13.3 7.6 8.2 

Young Adults 
n/N  6/134 52/357 58/491 

% 4.5**  14.6**  11.8 

Middle adults 
n/N  9/139 30/148 39/287 

% 6.5 20.3 13.6 

Old adults 
n/N  0/3 2/42 2/45 

% - 4.8 4.4 

Adult indet 
n/N  4/16 1/56 5/72 

% 25.0 1.8 6.9 

Total 
n/N  21/207 95/734 116/941 

% 10.1 12.9 12.3 

Table 8.12 Frequencies of caries calculated by number of teeth preserved in each category 

Overall, prevalence rates based on the number of teeth observed (see Table 8.12) are 

equally high during the New Kingdom (10.1%) and post-New Kingdom periods (12.9%), 

with only a slight increase during the later time period. However, when broken down by 

age category, the percentage of teeth affected by caries is significantly higher for both 

young and middle adult individuals during the post-New Kingdom period (young adults: 
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Figure 8.6 Caries prevalence according to number of teeth affected, by age group 
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  NK Post-NK Total 

Female 
n/N  5/10 17/28 22/38 

% 50.0 60.7 57.9 

Male 
n/N  4/8  12/22 16/30 

% 50.0 54.5 53.3 

Indifferent 
n/N  1/8  5/13 6/21 

% 12.5 38.5 28.6 

Total 
n/N  11/22 34/63 45/85 

% 50.0 54.0 52.9 

Table 8.15 Caries frequencies for male and female individuals 

When calculated on an individuals affected basis (see Table 8.15, Figure 8.8), there is 

almost no difference between males and females during the New Kingdom (females: 

50.0%, males: 50.0%) and post-New Kingdom periods (females: 60.7%, males: 59.1%). 

Compared within the sex groups, there is again an increase during the post-New Kingdom 

period both for female and male individuals.  

8.5.3.ii. Differences between tooth type 

Caries prevalence was also calculated for each tooth type seperately based on the 

number of teeth available for each type with antimeres combined. The results are presented 

for maxillary (see Figure 8.9 and Table 8.16) and mandibular teeth (see Figure 8.10 and 

Table 8.17). Caries was generally most frequent in the molars and pre-molars in both upper 

and lower dentitions. Anterior teeth were less commonly affected in both time periods. 

Premolars were more commonly affected in the maxilla. As for the overall sample, the lack 

of carious incisors in the maxilla and mandible during the New Kingdom period, in 

contrast to more common involvement of this tooth type during the post-New Kingdom, 

is notable. However, New Kingdom caries rates in the molars exceed those of the post-

New Kingdom slightly, except for the upper and lower 2nd molars and lower 3rd molars 

where they are higher during the post-New Kingdom period.  
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Figure 8.9 Comparison between caries rates 
for each tooth type (left and right combined) 

Table 8.16 (below): Caries frequencies for maxillary teeth (left and right side combined) 

 

 

 

 

 

 

   I1 I2 C P1 P2 M1 M2 M3 

 
 NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK 

Sub-
adults 

n/N  0/0  2/8  0/1  1/7  0/2  0/6  0/1  1/7  0/2  1/9  1/2  2/11 0/0  0/5  0/0 0/3  
% - 25.0 - 14.3 - - - 14.3 - 11.1 50.0 18.2 - - - - 

Young 
Adults 

n/N  0/10 1/21 0/9  0/22 1/8  3/26 1/8  3/26 0/9  9/28 1/8  5/18 1/8  2/16 0/8  4/18 
% - 4.8 - - 12.5 11.5 12.5 11.5 - 32.1 12.5 27.8 12.5 12.5 - 22.2 

Middle 
adults 

n/N  0/5  0/11 0/3  1/12 0/3  2/10 0/1  2/8  0/2  3/7  1/3  1/8  1/3  5/11 2/3 2/10 
% - - - 8.3 - 20.0 - 25.0 - 42.9 33.3 12.5 33.3 45.5 66.7 20.0 

Old 
adults 

n/N  0/0  0/3  0/0  0/0  0/0  0/2  0/0 1/1  0/0 0/4  0/0 0/1  0/0 0/1  0/1  0/1  
% - - - - - - - 100.0 - - - - - - - - 

Adult 
indet 

n/N  0/1  0/1  0/0  0/2  0/1  0/4  0/0 0/5  0/0 0/4  0/0 0/3  0/2  0/5  2/5 1/6  

% - - - - - - - - - - - - - - 40.0 16.7 

Total 
n/N  0/16 3/44 0/13 2/43 1/14 5/48 1/13 7/47 0/13 13/52 3/13 8/41 2/13 7/38 4/17 7/38 

% - 6.8 - 4.7 7.1 10.4 10.0 14.9 - 25.0 23.1 19.5 15.4 18.4 23.5 18.4 
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Figure 8.10 (above) and Table 8.17 (below) Caries frequencies for mandibular teeth (left and right side combined) 

   I1 I2 C P1 P2 M1 M2 M3 

 
 NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK 

Sub-
adults 

n/N  0/0  0/15 0/0  0/11 0/1  0/9  0/1  0/6  0/1  0/9  1/2 3/12 0/2  0/7  0/0  0/6  
% - - - - - - - - - - 50.0 25.0 - - - - 

Young 
Adults 

n/N  0/13 0/25 0/9  0/28 0/6  2/31 0/6  3/21 0/5  2/19 1/10 6/16 1/11 8/20 0/6  4/22 
% - - - - - 6.5 - 14.3 - 10.5 10.0 37.5 9.1 40.0 - 18.2 

Middle 
adults 

n/N  0/1  1/10 0/3  0/13 0/1  1/15 0/1  2/10 1/3  1/7  2/1  1/2 1/2 4/7  1/4 3/7  
% - 10.0 - - - 6.7 - 20.0 33.3 14.3 100.0 50.0 50.0 57.1 25.0 42.9 

Old 
adults 

n/N  0/0  0/7  0/0  0/4  0/1  0/4  0/0  0/4  0/0  0/4  0/0  0/2  0/0  1/3  0/1  0/1  
% - - - - - - - - - - - - - 33.3 - - 

Adult 
indet 

n/N  0/0  0/3  0/0  0/3  0/1  0/3  0/1  0/3  0/0  0/2  1/1  0/3  0/2  0/6  1/2  0/4  
% - - - - - - - - - - 100.0 - - - 50.0 - 

Total 
n/N  0/14 1/60 0/12 0/59 0/10 3/61 0/9 5/44 1/9 3/41 5/14 10/35 2/17 13/43 2/13 7/40 

% - 1.7 - - - 4.9 - 11.4 11.1 7.3 35.7 28.6 11.8 30.2 15.4 17.5 
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Table 8.20 AMTL per tooth type in the upper dentition 

 

 
 I1 I2 C P1 P2 M1 M2 M3 

 
 NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK 

Sub-
adults 

n/N  0/0  0/4  0/0  0/2  0/0  0/3  0/0  0/4  0/0  0/4  0/0  0/1  0/0  0/3  0/0 0/3  
% - - - - - - - - - - - - - - - - 

Young 
Adults 

n/N  0/12 7/42 0/12 12/45 2/13 5/46 1/12 7/42 1/12 3/42 1/13 19/38 2/13 17/38 2/12 14/38 
% - 16.7 - 26.7 15.4 10.9 8.3 16.7 8.3 7.1 7.7 50.0 15.4 44.7 16.7 41.2 

Middle 
adults 

n/N  4/10 7/25 6/10 11/26 7/13 5/25 9/13 8/22 8/12 7/20 5/10 8/17 6/8 8/17 6/8 7/15 
% 40.0 28.0 46.2 42.3 53.8 20.0 69.2 36.4 66.7 35.0 50.0 47.1 75.0 53.3 75.0 58.3 

Old 
adults 

n/N  0/0  1/10 0/0  5/10 0/0  5/10 0/0  5/9  0/0  3/9 1/1 6/8 1/1 7/8 0/1 5/8 
% - 10.0 - 50.0 - 50.0 - 55.6 - 33.3 100.0 75.0 100.0 87.5 - 83.3 

Adult 
indet 

n/N  5/8  2/19 2/8  2/12 0/4  4/11 0/2  3/10 0/2  3/10 1/3 4/11 0/2 3/10 1/2 2/9 

% 62.5 10.5 50.0 16.7 - 36.4 - 30.0 - 30.0 33.3 36.4 - 30.0 50.0 22.2 

Total 
n/N  9/30 17/100 8/30 30/95 9/28 19/95 10/27 23/87 9/26 16/85 8/27 37/74 9/24 35/74 9/23 28/63 

% 30.0 17.0 26.7 31.6 32.1 20.0 37.0 26.4 34.6 18.8 29.6 49.3 37.5 47.3 39.1 44.4 
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Figure 8.12 AMTL in the maxilla (left and right combined) 
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 I1 I2 C P1 P2 M1 M2 M3 

 
 NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK NK post-

NK NK post-
NK 

Sub-
adults 

n/N  0/4 0/7  0/4 0/8  0/4 0/6  0/4 1/6  0/4 0/6  0/0 1/7  0/0 3/7  0/0 2/6  
% - - - - - - - 16.7 - - - 14.3 - 42.9 - 33.3 

Young 
Adults 

n/N  1/13 5/40 2/15 5/40 2/15 2/40 0/12 8/42 012 10/42 0/12 26/45 0/12 25/47 0/12 20/46 
% 7.7 12.5 13.3 12.5 13.3 5.0 - - - 23.8 - 57.8 - 53.2 - 43.5 

Middle 
adults 

n/N  6/12 12/31 3/11 8/30 1/10 6/29 1/9  6/29 1/0  16/30 5/10 27/32 4/5  21/31 5/9  20/31 
% 50.0 38.7 27.3 26.7 10.0 20.7 11.1 11.1 11.1 53.3 50.0 84.4 80.0 67.7 55.6 64.5 

Old 
adults 

n/N  0/0  1/10 0/0  2/10 0/0  2/11 0/0  3/11 0/0  5/11 1/1  9/11 1/1  8/11 0/1  7/11 
% - 10.0 - 20.0 - 18.2 - 27.3 - 45.5 100.0 81.8 100.0 72.7 0.0 63.6 

Adult 
indet 

n/N  2/4  7/18 0/4  8/15 0/4  5/14 1/4  6/12 1/4  4/11 2/6  5/11 1/6  4/12 1/5  5/11 

% 50.0 38.9 - 53.3 - 35.7 25.0 25.0 25.0 36.4 50.0 45.5 25.0 33.3 25.0 45.5 

Total 
n/N  9/29 25/106 5/32 23/103 3/31 15/100 2/27 24/100 2/26 35/100 8/29 68/106 6/24 61/108 6/27 54/105 

% 31.0 23.6 15.6 22.3 9.7 15.0 7.4 24.0 7.7 35.0 27.6 64.2 25.0 56.5 22.0 51.4 

Table 8.21 AMTL per tooth type in the lower dentition

0,0% 

10,0% 

20,0% 

30,0% 

40,0% 

50,0% 

60,0% 

70,0% 

I1 I2 C P3 P4 M1 M2 M3 

NK 

Post-NK 

Figure 8.13: Comparison of AMTL rates in the mandibular teeth 
between time periods and tooth types (all age ranges combined) 

 







8.5 Dental disease     189 

 

8.5.6.i. Frequencies of periapical lesions in relationship to tooth position 

The occurrence of periapical lesion was further analysed with regard its location within the 

dentition. The results are presented seperately for the maxilla (see Figure 8.15, Table 8.24) and 

mandible (see Figure 8.16, Table 8.25). In the maxilla, lesions were more common in the anterior 

teeth in both time periods. The highest frequencies for the pooled age sample were observed in 

post-New Kingdom canines (27.3%) and New Kingdom 3rd molars (20.7%). In diachronic 

comparison, the rates for the anterior teeth and premolars (except I²) were higher in the post-New 

Kingdom period, while in the molars they were significantly higher in the post-New Kingdom 

period. When broken down into age categories, periapical lesions had already affected sub-adult 

maxillae, with a lesion observed on one post-New Kingdom P3. Prevalence is already marked in 

young adults, with slightly higher values in the post-New Kingdom period.  

Distribution in the mandibular teeth was different both between tooth positions as well as 

between time periods (see Table 8.25, Figure 8.16). While in New Kingdom individuals, significantly 

higher rates were observed in the premolars and M1 than in any other teeth, rates are more evenly 

distributed in the post-New Kingdom teeth. With the exception of the canine and 1st incisor, 

frequencies were generally higher in the New Kingdom. New Kingdom young adult individuals were 

by far less commonly affected than their post-New Kingdom equivalent, with no periapical lesions 

in the mandibular teeth and low values in the maxillary anterior teeth. In middle adults, an increase is 

noted in the New Kingdom individuals, while frequencies appear to decrease in post-New Kingdom 

individuals. Comparison of old adult individuals is again not possible due to the low number of New 

Kingdom old adults  
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. 

 
 I1 I2 C P3 P4 M1 M2 M3 Total 

 
 NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK 
Sub-
adults 

n/N  0/0 0/3 0/0 0/2 0/0 0/3 0/0 1/4 0/0 0/4 0/0 0/1 0/0 0/3 0/0 0/2 0/0  1/22 
% - - - - - - - 25.0 - - - - - - - - - 4.5 

Young 
Adults 

n/N  0/12 6/43 0/13 5/45 1/13 6/47 0/12 4/43 0/12 8/42 1/13 4/38 2/13 2/38 2/12 2/34 6/100 37/329 
% - 14.3 - 11.1 7.7 12.8 - 9.3 - 19.0 7.7 10.5 15.4 5.3 16.7 5.9 6.0 11.2 

Middle 
adults 

n/N  4/10 4/26 6/13 4/26 4/13 9/26 3/13 3/22 2/12 2/20 1/10 3/17 0/9  0/17 1/8  0/12 21/88 25/164 
% 40.0 15.4 46.2 15.4 30.8 34.6 23.1 13.6 16.7 10.0 10.0 17.6 - - 12.5 - 23.9 15.2 

Old 
adults 

n/N  0/0  3/10 0/0  1/10 0/0  4/10 0/0  1/9  0/0  1/9  0/1  1/8  0/1  1/8  0/1  0/6  0/3 12/70 
% - 30.0 - 10.0 - 40.0 - 11.1 - 11.1 - 12.5 - 12.5 - - - 17.1 

Adult 
indet 

n/N  0/8  1/12 0/2  0/12 1/5  3/11 0/5  0/10 0/3  0/10 0/5  1/11 1/3  0/11 2/4  0/9  4/41 5/85 
% - 8.3 - - 20.0 27.3 - - - - - 9.1 33.3 - 50.0 - 9.8 5.9 

Total 
n/N  4/30 14/93 6/34 10/95 6/31 22/95 3/30 9/88 2/27 11/85 2/29 9/75 3/26 3/74 5/ 25 2/63 31/232 80/670 

% 13.3 15.1 17.6 10.5 19.4 22.7.3 10.0 10.2 7.4 12.9 6.9 12.0 11.5 4.1 20.7 3.2 13.4 11.9 

Table 8.24 Periapical lesion frequencies for each tooth type (right and left combined) 

 

Figure 8.15 Rates for periapical lesions per tooth type 0,0% 
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  I1 I2 C P3 P4 M1 M2 M3 Total 

 
 NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK 
Sub-
adults 

n/N  0/0  0/5  0/0  0/8  0/0  1/7  0/0  0/6  0/0  0/6  0/0  0/7  0/0  0/7  0/0  0/6  0/0 1/52 
% - - - - - 14.3 - - - - - - - - - -  1.9 

Young 
Adults 

n/N  0/13 2/40 0/15 2/40 0/15 7/41 0/12 4/42 0/12 3/42 1/12 8/46 1/12 3/48 0/12 1/47 2/103 30/346 
% - 5.0 - 5.0 - 17.1 - 9.5 - 7.1 8.3 17.4 8.3 6.3 - 2.1 1.9 8.7 

Middle 
adults 

n/N  0/12 1/31 1/11 2/30 1/10 2/29 1/9  2/29 3/9  4/31 4/10 1/32 1/7  1/31 1/10 1/31 12/78 14/244 
% - 3.2 9.1 6.7 10.0 6.9 11.1 6.9 33.3 12.9 40.0 3.1 14.3 3.2 10.0 3.2 15.4 5.7 

Old 
adults 

n/N  0/0  1/10 0/0  3/12 0/0  1/12 0/0  1/11 0/0  0/11 0/1  2/11 0/1  1/11 0/1  0/11 0/4 9/89 
% - 10.0 - 25.0 - 8.3 - 9.1 - - - 18.2 - 9.1 - - - 10.1 

Adult 
indet 

n/N  0/4  0/15 1/6  2/15 0/6  3/14 1/6  1/12 1/5  3/11 1/6  0/11 0/6  0/12 0/5  1/11 4/44 10/101 
% - - 16.7 13.3 - 21.4 16.7 8.3 20.0 27.3 16.7 - - - - 9.1 9.1 9.9 

Total 
n/N  0/29 4/101 2/32 9/105 1/31 14/103 2/27 8/100 4/26 10/101 6/29 11/106 2/26 5/109 1/28 3/106 22/228 10/832 

% - 4.0 9.4 8.6 3.2 13.6 11.1 8.0 19.2 9.9 24.1 10.3 7.3 4.6 3.6 2.8 9.6 7.7 

Table 8.25 Frequencies of periapical lesions for each tooth type (left and right combined) 

Figure 8.16 Distribution of periapical lesion frequencies in the 
mandibular teeth (all ages combined) 

0,0% 

5,0% 

10,0% 

15,0% 

20,0% 

25,0% 

30,0% 

I1 I2 C P3 P4 M1 M2 M3 

NK 

Post-NK 



8.5 Dental disease   192 

 

8.5.7. Dental calculus 

8.5.7.i. Age-related prevalence of dental calculus 

 

  NK Post-NK NK 

Sub-adults 
n/N  0/15 76/125 24/144 

% - 42.7 17.0 

Young 
Adults 

n 81/107 156/356 237/372 

% 75.7** 58.9** 63.7 

Middle 
adults 

n 11/35 44/90 55/125 

% 31.4* 48.9* 44.0 

Old adults 
n 0/3  19/34 19/37 

% - 55.9 51.4 

Adult indet 
n 5/9  31/55 36/64 

% 55.6 56.4 56.3 

Total 
n 97/169 274/570 371/739 
% 57.4 48.1 50.2 

Table 8.26 Teeth affected with dental calculus in relationship to age (** statistically highly significant, 
*significant at the 90% confidence level) 

Prevalence of dental calculus was analysed for the number of teeth observable (see 

Figure 8.17, Table 8.26) and individuals with at least three teeth preserved (see Figure 8.18, 

Table 8.27). Frequencies between New Kingdom and post-New Kingdom periods were 

compared separately for age and sex groups (see Figure 8.20, Table 8.28). Table 8.26 

Figure 8.17 Diachronic comparison of teeth affected by dental calculus 

0,0% 

10,0% 

20,0% 

30,0% 

40,0% 

50,0% 

60,0% 

70,0% 

80,0% 

NK 

Post-NK 





8.5 Dental disease   194 

 

Figure 8.18 Age-related comparison of the number of individuals affected by dental calculus 

  NK  Post-
NK  Total 

Sub-
adults 

n/N  0/0   5/11  5/11 
% -  45.5  45.5 

Young 
Adults 

n/N  8/8   20/28  28/36 
% 100.0  71.4  77.8 

Middle 
adults 

n/N  4/5   9/18  13/23 
% 80.0  50.0  56.5 

Old 
adults 

n/N  0/1   3/3   3/4 
% -  100.0  75.0 

Adult 
indet 

n/N  2/3   9/9   11/12 
% 66.7  100.0  91.7 

Total 
n/N  14/18  46/69  60/87 

% 77.8  66.7  69.0 

Table 8.28 Age-related prevalence of dental calculus among New Kingdom and post-New Kingdom 
individuals 

When examined at the individual level (see Figure 8.18, Table 8.28), more individuals 

were affected by dental calculus in the New Kingdom (77.8%) than in the post-New 

Kingdom period (66.7%). This tendency is also observed when broken down into age 

categories. Neither of these differences is statistically significant even though, again, the 

numbers are very small and thus statistical tests may not provide accurate results. 
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Figure 8.19 Presence and severity of dental calculus in New Kingdom and post-New Kingdom individuals 

  None Mild Moderate Severe Total 
individuals 

  NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK 

Sub-adults 
n 1 11 0 4 0 2 0 0 1 17 
% 100.0 64.7 0.0 23.5 0.0 11.8 - 0   

Young 
Adults 

n 7 22 8 17 3 15 0 1 18 54 
% 38.9 40.7 44.4 31.5 16.7 27.8 11.8 4.0   

Middle 
adults 

n 4 11 3 7 1 6 1 0 9 25 
% 44.4 44.0 33.3 28.0 11.1 24.0 11.1 -   

Old adults 
n 1 3 0 3 0 2 0 0 1 8 
% 100.0 37.5 - 37.5 - 25.0 - -   

Adult indet 
n 3 8 2 5 0 6 0 0 5 19 

% 60.0 26.3 40.0 26.3 - 31.6 - -   

Total 
n 16 55 13 36 4 31 1 1 34 123 
% 47.1 44.7 38.2 29.3 11.8 25.2 2.9 0.8   

Table 8.29 Severity of dental calculus in individuals with teeth preserved 

Even though dental calculus was more prevalent during the New Kingdom period, the 

severity by which individuals were affected was stronger during the post-New Kingdom 

period (see Figure 8.19 and Table 8.29). Generally Post-New Kingdom individuals were 

affected by more severe dental calculus earlier than during the New Kingdom period. 

However, in the post-New Kingdom sample, almost half the individuals (46.9%) already 

suffered from moderately severe dental calculus in the young age category in contrast to 

only 27.3% of New Kingdom individuals.  
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Figure 8.20 Diachronic comparison of calculus frequencies in female and male individuals 

  NK Post-
NK Total 

Female 
n 6/8  16/25 22/33 
% 75.0 64.0 66.7 

Male 
n 7/7  17/23 24/30 
% 100.0 73.9 80.0 

Indifferent  
n 1/2 8/10 9/12 
% 50.0 80.0 75.0 

Total 
n 14/17 41/58 55/75 
% 82.4 70.7 73.3 

Table 8.31 Sex-related prevalence of dental calculus based on number of individuals affected 
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8.5.8. Periodontal disease 

Periodontal disease was only analysed according to individuals affected. All individuals 

with at least three permanent teeth were included in the analysis. Results were calculated 

separately for each age category (see Figure 8.21 and Table 8.32) and for males and females 

(see Figure 8.23 and Table 8.33). Rates are further given for different grades of severity (see 

Figure 8.22, Table 8.32). 

8.5.8.i. Comparison between age-groups 

 

  None Mild  Moderate Severe 
Total 

periodontal 
disease 

Total 
individuals 

  NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK 

Sub-
adults 

n 0 3 0 2 0 1 0 0 0 2 0 3 

% - 100.0 - 66.7 - 33.3 - - - 66.7   

Young 
Adults 

n 3 17 5 14 3 12 1 2 6 18 6 20 

% 50.0 85.0 83.3 70.0 50.0 60.0 16.7 10.0 100.0 90.0   

Middle 
adults 

n 4 7 1 4 2 6 1 3 4 9 4 11 

% 100.0 63.6 25.0 36.4 50.0 54.5 25.0 27.3 100.0 81.1   

Old 
adults 

n 0 0 0 2 0 3 0 0 0 3 0 3 

% - - - 66.6 - 100.0 - - - 100.0   

Adult 
indet 

n 3 7 1 4 0 5 0 1 1 8 3 8 

% 100.0 87.5 33.3 50.0 - 62.5 - 12.5 33.3 100.0   

Total 
n 10 3 7 2 5 1 2 0 11 40 13 47 

% 76.9 100.0 53.8 66.7 38.5 33.3 15.4 - 84.6 85.1   

Table 8.32 Individuals with signs of periodontal disease  
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Figure 8.21 Prevalence of periodontal disease for each age category 
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With regard to general presence of periodontal disease (all grades of severity 

combined), Table 8.32 shows a high prevalence in both time periods and within all age 

ranges. Evidence for periodontal disease was already present in post-New Kingdom sub-

adults. No major differences were observed between the time periods. The slight decrease 

in the post-New Kingdom period in young and middle adults could be due to a low sample 

size for the New Kingdom period. When comparing periodontal disease according to 

severity, again rates are quite similar in both time periods. Severe periodontal disease was 

rarely observed and only seen in young adults (New Kingdom: 16.7%; post-New Kingdom: 

10.0%) and middle adults (New Kingdom: 25.0, post-New Kingdom: 27.3%). 

8.5.8.ii. Comparison between male and female individuals 

Figure 8.23 Comparison of periodontal disease in male and female individuals (all age-ranges pooled) 
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Figure 8.22 Severity of periodontal disease 
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  NK Post-NK Total 

Sub-adults 
n/N  0/1  6/12 13/19 

% - 50.0 68.4 

Young 
Adults 

n/N  4/8  16/28 36/56 
% 50.0 57.1 64.3 

Middle 
adults 

n/N  1/5  5/15 20/26 
% 20.0 33.3 76.9 

Old adults 
n/N  0/1  1/4  5/6 

% - 25.0 83.3 

Adult indet 
n/N  2/5  3/7  12/17 

% 40.0 42.9 70.6 

Total 
n/N  7/20 31/66 86/124 

% 35.0 47.0 69.4 

Table 8.35 Individuals displaying dental enamel hypoplasias 

When diachronically comparing the number of individuals affected by DEH (see 

Figure 8.24, Table 8.35), there is a marked increase in the post-New Kingdom period for 

the overall sample, even though the difference was not statistically significant. The rise in 

sub-adults from 0.0% to 50.0% is likely an artefact of the small sample size in the New 

Kingdom (N=1). Rates generally decreased with increasing age, and the highest values were 

observed in young adults from both time periods (New Kingdom: 50.0%, post-New 

Kingdom: 57.1%). 

8.5.9.ii. Differences between female and male individuals 

Comparison of male and female 

individuals was only calculated for the 

number of individuals affected by DEH (see 

Table 8.36 and Figure 8.25). In both males 

and females, a statistically insignificant 

increase from the New Kingdom to the post-

New Kingdom period (females +10.7%, 

males: +7.5%) was observed. In both time 

periods, rates were slightly higher in males 

than in females (New Kingdom: +4.2%, post-

New Kingdom: +1%). 
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Figure 8.25 Comparison of DEH-prevalence 
between male and female individuals 
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 NK Post-NK Total 

Female 
n/N  3/9  11/25 14/34 

% 33.3% 44.0% 41.2% 

Male 
n/N  3/8  9/20 12/28 

% 37.5% 45.0% 42.9% 

Indifferent 
n/N  1/2  5/9  6/11 

% 50.0% 55.6% 54.5% 

Total 
n/N  7/19 25/54 32/73 

% 36.8% 46.3% 43.8% 

Table 8.36 Female and male individuals affected by dental enamel hypoplasias 

8.6. Deciduous teeth 

8.6.1. Preservation 

  NK Post-NK 

No 
dentition 

n 0 151 
% - 53.9 

Tooth 
present 

n 0 49 
% - 17.5 

Lost pm 
n 0 57 
% - 20.4 

Lost am 
n 0 0 
% - - 

Broken pm 
n 0 2 
% - 0.7 

Root only 
n 0 0 
% - - 

Congenitally 
absent 

n 0 0 
% - - 

Not erupted 
n 0 10 
% - 3.6 

I solated 
tooth 

n 0 11 
% - 3.9 

Total 
positions 
observable   0 280 

Table 8.37 Preservation of deciduous teeth 

Preservation of deciduous teeth was generally very poor (see Table 8.37). The results 

for dental disease are presented as a percentage of possible tooth positions affected. Only 

60 deciduous teeth (21.4% of possible), all of them from post-New Kingdom individuals, 

could be recovered. However, 53.9% of the dentitions were recorded as not preserved.  
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Figure 8.28 Distribution of orbital lesions 

  No lesion Grade 1 Grade 2 Grade 3 Total 

  NK Post-
NK NK Post-

NK NK Post-
NK NK Post-

NK NK Post-
NK 

Sub-
adults 

n 0 7 0 1 1 14 1 2 1 19 

% - 36.8 - 5.3 100.0 73.7 100.0 10.5   

Young 
Adults 

n 3 9 1 17 0 4 0 2 4 26 
% 75.0 34.6 25.0 65.4 - 15.4 - 7.7   

Middle 
adults 

n 2 9 7 7 1 1 0 0 9 15 
% 22.2 60.0 77.8 46.7 11.1 6.7 - -   

Old 
adults 

n 0 4 0 1 0 0 0 0 0 5 
% - 80.0 - 20.0 - - - -   

Adult 
indet 

n 1 2 3 1 0 2 0 0 4 6 
% 25.0 33.3 75.0 16.7 - 33.3 - -   

Total 
n 6 31 11 27 2 21 1 4 18 71 

% 33.3 43.7 61.1 38.0 11.1 29.6 5.6 5.6   

Table 8.41 Age-related frequencies of changes in the orbital roof (rates per individual) 

Rates were further calculated for the number of individuals with both orbitae present 

(see Figure 8.28 and Table 8.41). If changes were observed in an individual with only one 

orbit present, it was also included in the calculation. With regard to the number of 

individuals, only 33.3% of New Kingdom, but 43.7% of post-New Kingdom individuals, 

did not show any lesions. Again, vessel impressions were the most common type, with 

significant differences between the two time periods, decreasing from 61.1% during the 

New Kingdom to 38.0% during the post-New Kingdom period. In contrast, Grade 2 and 3 

were more commonly observed in the post-New Kingdom, affecting 29.9% and 5.6% of 

the individuals respectively. With regard to age-related prevalence rates, the small sample 

size made valid comparison difficult. However, some trends could be observed. Grade 2-
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8.8. Infectious disease 

8.8.1. New bone formation on the long bones (NBF) 

8.8.1.i. General prevalence 

Prevalence of bone formation on the long bones (see Figures III.89, III.90) was 

calculated according to the total number of each long bone and are presented for each 

segment of the bone separately in Table 8.42. Furthermore, frequencies were calculated 

according to the number of individuals displaying signs of new bone formation based on 

the number of individuals with at least one bone element present. In addition, the 

prevalence of bilateral new bone formation in individuals with both corresponding 

elements preserved was calculated (see Table 8.42).  

  Part of bone shaft 

  p1/3 m1/3 d1/3 

Bone  NK Post-
NK NK Post-

NK NK Post-
NK 

Humerus 
n/N  0/20 0/130 0/34 0/151 0/37 1/150 

% - - - - - 0.7 

Radius 
n/N  0/36 0/137 0/33 0/141 0/32 0/131 

% - - - - - - 

Ulna 
n/N  1/37 0/164 0/36 0/145 0/33 0/135 

% 2.7 - - - - - 

Femur 
n/N  0/39 6/160 0/39 3/150 0/36 5/141 

% - 3.8 - 2.0 - 3.5 

Tibia 
n/N  6/33 49/140 6/33 76/146 9/34 71/139 

% 18.2 35.0 18.2 52.1 26.5 51.1 

Fibula 
n/N  1/26 32/119 2/30 42/120 3/30 39/118 

% 3.8 26.9 6.7 35.0 10.0 33.1 

Table 8.42 New bone formation based on the number of elements available in sections for each long bone 
(p=proximal, m= medial, d=distal) 

Table 8.42 presents the frequencies of NBF based on the total number of bone 

elements observable according to each section of the shaft (proximal, medial and distal 

thirds of the diaphysis). The results were calculated for all individuals including sub-adults. 

This included only diaphyseal sections with a preservation score of 1 or 2 (>25%), except 

those sections which were less well preserved but did show signs of new bone formation. 

NBF in the upper extremity bones was generally very rare and only observed in one post-

New Kingdom distal humerus (0.7%) and one New Kingdom proximal ulna (2.7%). 

Equally rare was new bone formation on the femur, which was only observed in individuals 

of the post-New Kingdom period. NBF on the femur occurred more commonly on the 
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proximal (3.8%) than in the medial (2.0%) and distal portions (3.5%) of the shaft. By far 

the most common location for NBF were the tibiae and fibulae. Rates for all sections of 

the bones indicate a marked increase in NBF-prevalence during the post-New Kingdom 

period, ranging between 16.8% (proximal tibia) to 32.9% (medial tibia). 

8.8.1.ii. Bilateral new bone formation on the tibiae and fibulae 

 

  Tibia Fibula 

  NK Post-NK NK Post-NK 

Sub-adults 
n/N  0/1 6/6 0/0 0/4 

% - 100.0 . . 

Young Adults 
n/N  1/7 11/26 0/7 14/22 

% 14.3 42.6 . 63.9 

Middle adults 
n/N  2/3 14/16 0/4 9/17 

% 66.7 87.5 . 52.9 

Old adults 
n/N  1/1 6/7 1/1 1/8 

% 100.0 87.5 100.0 12.5 

Adult indet 
n/N  1/1  0/2 0/0 1/2 

% 100.0 - - 50.0 

Total 
n/N  6/13 37/57 1/12 25/53 

% 46.2 64.9 8.3 47.2 

Table 8.43 Individuals with NBF and individuals with bilateral NBF on the tibiae and fibulae 

When only considering individuals who displayed evidence of NBF in both tibiae or 

fibulae, the results (see Figure 8.29 and Table 8.43) again show a marked increase in the 

post-New Kingdom period, affecting 64.9% of individuals in contrast to only 46.2% during 

Figure 8.29 Comparison of bilateral new bone formation on tibiae and fibulae according to age-at-
death 
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8.8.2.ii. Comparison of female and male individuals 

Figure 8.32 Comparison of female and male individuals affected by maxillary sinusitis 

 

  Elements Individuals 

  NK Post-NK NK Post-NK 

Female 
n/N  15/16 24/31 9/9  15/18 

% 93.8 77.4 100.0 83.3 

Male 
n/N  10/12 23/33 6/7  14/19 

% 83.3 69.7 85.7 73.7 

Indifferent 
n/N  1/2  2/12 1/1  1/6  

% 50.0 16.7 50.0 16.7 

Table 8.47 Sex-related comparison of individuals affected by pathological lesions in the maxillary sinus 

Evidence of maxillary sinusitis was further compared between the sexes for both time 

periods (see Figure 8.32 and Table 8.47). Results based on the number of maxillary sinuses 

observable and based on the number of individuals affected are presented in Table 8.47. In 

both time periods, changes were generally more common in females than in males (Sinuses 

affected: New Kingdom: 93.8% vs. 83.3%; post-New Kingdom 77.4% vs. 69.7%; 

individuals affected: New Kingdom 100.0% vs. 85.7%, 85.7% vs. 73.7%). However, none 

of these differences was statistically significant. 
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  Young adults Middle adults 

Joint  NK Post-
NK Total NK Post-NK Total 

TM J 
n/N  1/1 5/15 6/16 2/4  7/8 9/12 

% 100.0 33.3 37.5 50.0 87.5 75.0 

ACJ 
n/N  2/5 16/23 18/28 3/3  12/16 15/19 

% 40.0 69.6 64.3 100.0 75.5 78.9 

Shoulder 
n/N  0/7 7/26 7/33 1/6  11/19 12/25 

% - 26.9 21.2 16.7 57.9 48.0 

Elbow 
n/N  1/9 12/31 13/40 2/7  14/21 16/28 

% 11.1 38.7 32.5 28.6 66.9 57.1 

Wrist 
n/N  2/9 7/26 9/35 3/5  9/18 12/23 

% 22.2 26.9 25.7 60.0 50.0 52.2 

Hand 
n/N  3/6 8/19 11/25 5/8 16/16 21/24 

% 50.0 42.1 44.0 62.5** 100.0** 87.5 

Sacro-iliac 
joint 

n/N  0/1 1/5 1/6 0/1 1/3  1/4 
% - 20.0 16.7 - 33.3 25.0 

Hip  
n/N  2/7 13/30 15/37 4/6  9/31 13/27 

% 28.6 43.3 40.5 66.7 42.9 48.1 

Knee 
n/N  0/9 13/27 13/36 2/6  15/21 17/27 

% - 48.1** 36.1 33.3 71.4 63.0 

Ankle 
n/N  0/6 3/23 3/29 1/6  9/20 10/26 

% - 13.0 10.3 16.7 45.0 38.5 

Foot 
n/N  2/7 8/24 10/31 4/6  13/17 17/23 

% 28.6 33.3 32.3 66.7 76.5 73.9 

Table 8.55 Prevalence of osteoarthritis amongst young and middle adult individuals (** statistically significant 
at the 0.95% confidence level) 
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Figure 8.40 Diachronic comparison of osteoarthritis in young and middle adult individuals 







8.9 Diseases of the joints   226 

 

8.9.3. Osteoarthritis in the synovial joints of the spine 

8.9.3.i. Age-related comparison 

 

  All spine Cervical Thoracic Lumbar 

  NK Post-NK NK Post-NK NK Post-
NK NK Post-

NK 
Young 
adults 

n/N  8/9  27/32 5/7  9/28 6/8  25/29 8/9  18/30 
% 88.9 84.4 71.4* 32.1* 75.0 86.2 88.9 60.0 

Middle 
adults 

n/N  8/8  23/23 3/6  17/18 6/8  5/7  7/7  21/22 
% 100.0 100.0 50.0** 94.4** 75.0 71.4 100.0 95.5 

Old adults 
n/N  1/1  8/8  1/1  5/7  0/1  5/7  1/1  5/6  

% 100.0 100.0 100.0 71.4 0.0 71.4 100.0 83.3 

Indifferent 
n/N  6/6  6/10 3/5  1/5  4/5  4/7  4/5  4/4  

% 100.0 60.0 60.0 20.0 80.0 57.1 80.0 100.0 

Total 
n/N  23/24 64/73 12/19 32/58 16/22 55/64 20/22 48/62 

% 95.8  87.7  63.2  55.2  72.7  85.9  90.9  77.4  

Table 8.57 Age-related prevalence of osteoarthritis in the synovial joints of the spine (** statistically 
significant at the 0.95% confidence level, * at the 0.90% level) 

The results for spinal osteoarthritis are presented for the overall spine and sections of 

the spine, for all adult age ranges pooled, as well as seperately for each age group (see 

Figure 8.42, Table 8.57 and Figure 8.43). Percentages were calculated based on the number 

of individuals with vertebrae present for each spinal section. The prevalence of 

osteoarthritis in the intervertebral joints was generally very high for all sections of the 

spine. When analysed for the entire spine combined, results were relatively similar for both 

time periods. A slight difference was detected in the pooled age sample, with 95.8% of all 

Figure 8.42 Prevalence of osteoarthritis in the synovial joints of the cervical, thoracic and 
lumbar spine (all age groups pooled) 
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8.9.4.ii. Diachronic comparison of IVD between female and male 

individuals 

  All spine Cervical Thoracic Lumbar 

  NK Post-NK NK Post-
NK NK Post-

NK NK Post-NK 

Females 
n/N  10/12 27/33 7/10 17/25 3/10 13/28 1/9  20/29 

% 83.3 81.8 70.0 68.0 30.0 46.4 11.1**/*  69.0** 

Males 
n/N  6/9  22/27 6/8  17/25 3/9  13/25 4/8  12/25 

% 66.7 81.5 75.0 68.0 33.3 52.0 50.0* 48.0 

Total 
n/N  16/21 49/60 13/18 34/50 6/19 26/53 5/17 32/54 

% 76.2 81.7 72.2 68.0 31.6 49.1 29.4 59.3 

Table 8.60 Sex-related prevalence of IVD (all age groups pooled) 

IVD rates were further compared between the sexes for both time periods and pooled 

for all age ranges within each period (see Figure 8.46 and Table 8.60). The analysis only 

showed a few sex-related differences. When compared by sex within each group, the 

overall spine frequency rates were similar in post-New Kingdom males and female, 

whereas New Kingdom females were affected more commonly than males (females: 

88.3%, males: 66.7%). When viewed for separate sections of the spine, results only differed 

between the sexes in the lumbar spine where rates were significantly higher in New 

Kingdom males and slightly higher in post-New Kingdom females. Comparing the results 

diachronically for each sex, while in females rates were similar for all vertebrae pooled, in 

males an increase of 14.8% during the post-New Kingdom period was observed. In the 

cervical spine results are similarly high in males and females for both time periods except 

for a slight decrease of 7% in post-New Kingdom males. In the thoracic and lumbar spine 
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Figure 8.46 Comparison of the prevalence of IVD in the spine in male and female individuals 
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Table 8.64 presents prevalence rates for long bone fractures calculated for the number 

of elements with a preservation score of >1 available for each diaphyseal section of the 

bone. Rates for the number of individuals with bones preserved are presented seperately in 

Section 8.10.5. Long bone fractures were generally not very common in both time periods, 

even though the number is higher in the post-New Kingdom period, with 13, compared to 

two in the New Kingdom period. The most commonly affected bones were the radius 

(post-New Kingdom: five individuals, 9.8%) and ulna (New Kingdom: two individuals, 

11.8%, see Figures III.129, III.131). Humerus fractures were only observed in two post 

New Kingdom individuals (4.3%, see Figures III.130, III.131). With the exception of one 

femur fracture in a post-New Kingdom individual (see Figures III.134), the lower extremity 

was not affected at all. With regard to section of the bone affected, the most common sites 

affected by fractures were the distal radius (post-New Kingdom: 3.8%) and ulna (New 

Kingdom: 3.0%; post-New Kingdom: 4.3%).  

8.10.3. Fractures of the thorax 

  NK Post-
NK NK Post-

NK NK Post-
NK 

  p1/3 m1/3 d1/3 

Clavicle n/N  0/22 2/107 1/31 0/126 0/26 1/107 
% - 1.9 3.2 - - 0.9 

  Acromion Scapular blade   

Scapula n/N  1/26 1/118 0/26 1/106   
 3.8 0.8 - 0.9   

  Shafts    

Ribs n/N  4/275 30/961     
% 1.5% 3.1     

  Ilium  Ischium Pubis 

Pelvis n/N  0/25 2/105 0/26 0/92 0/22 2/82 
% - 1.9 - - - 2.4 

  Manubrium Corpus   

Sternum n/N  0/2 1/18 0/3 1/20   
% - 5.6 - 5.0   

Table 8.65 Fractures of the bones of the trunk (bones affected compared to the total observed) 

Fractures to the skeletal elements of the trunk were generally more uncommon (see 

Table 8.65) but did involve some more unusual fracture locations such as in the sternum, 

pelvis and scapula. Prevalence was slightly higher during the post-New Kingdom period. In 

the clavicles, four fractures were observed, affecting one New Kingdom individual (middle 

shaft, 3.2%) and three post-New Kingdom individuals (proximal shaft: 1.9% and distal 

shaft: 0.9%, see Figures III.117, III.118). Scapula fractures (see Figures III.119, III.120) 

were equally rare, affecting one New Kingdom (3.8%) and two post-New Kingdom 

individuals (0.9%). Two examples of sternum fractures (see Figures III.120) were observed 
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in a post-New Kingdom individual, with fractures of the manubrium sterni (5.6%) and corpus 

sterni (5.0%). 

Fractures of the pelvis were observed in two post-New Kingdom individuals with a 

total number of four examples (see Figures III.132, III.133). While the iliac blade was 

fractured twice (5.6% of observable elements) and the pubic bone was also fractured twice, 

but in the same individual (2.4% of observable elements). 

  Carpal/t arsal Metacarpus/tarsus Phalanges 
  NK Post-

NK NK Post-
NK NK Post-

NK 

Hands n/N  0/173 0/584 0/115 8/422 1/252 4/1164 
% - - - 1.9 0.4 0.3 

Feet n/N  0/137 0/582 0/67 7/411 1/173 4/641 
% - - - 1.7 0.6 0.6 

Table 8.66 Fractures of the hand and foot bones (percentages given based on the total number of bones 
preserved for observation) 

In the hands, no fractures were observed in the carpals for both time periods (Table 

8.66). Fractured metacarpals were more common, affecting 1.9% (8) of metacarpals in the 

post-New Kingdom period. Equally uncommon were fractures in the feet. Tarsals were 

unaffected in both New Kingdom and post-New Kingdom individuals. As for metatarsals, 

no fractures were observed in New Kingdom individuals, whereas 7 (1.7%) were found in 

post-New Kingdom individuals. 
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8.10.4. Fractures of the spine 

Figure 8.48 Spinal fractures: left: vertebral bodies; right: neural arches (blue bars: New Kingdom, grey bars: 
post-New Kingdom) 

0,0% 2,0% 4,0% 6,0% 8,0% 10,0% 12,0% 

C1  
C2  
C3  
C4  
C5  
C6  
C7  

Th1  
Th2  
Th3  
Th4  
Th5  
Th6  
Th7  
Th8  
Th9  

Th10  
Th11  
Th12  

L1  
L2  
L3  
L4  
L5  
S1 
S2 
S3 
S4 
S5 

0,0% 1,0% 2,0% 3,0% 4,0% 5,0% 6,0% 

C1  
C2  
C3  
C4  
C5  
C6  
C7  

Th1  
Th2  
Th3  
Th4  
Th5  
Th6  
Th7  
Th8  
Th9  

Th10  
Th11  
Th12  

L1  
L2  
L3  
L4  
L5  
S1 
S2 
S3 
S4 
S5 





8.10 Trauma   240 

 

8.10.5. Fractures combined 

  NK Post-NK Total 

Skull % 1/23 9/71 10/94 
n/N  4.3 12.7 10.6 

Clavicle % 1/7 3/39 4/46 
n/N  14.3 7.3 8.7 

Scapula % 1/10 2/48 3/58 
n/N  9.1 4.0 5.2 

Humerus n/N  0/15 2/47 2/62 
% - 4.3 3.2 

Radius n/N  0/15 5/48 5/63 
% - 9.8 7.9 

Ulna n/N  2/17 5/52 7/69 
% 11.8 9.1 10.1 

Hands n/N  1/16 8/55 9/71 
% 6.3 14.5 12.7 

Sternum n/N  0/3 1/22 1/25 
% - 1.7 4.0 

Ribs n/N  4/25 15/72 19/97 
% 16.0 20.8 19.6 

Cervical spine n/N  0/15 2/48 2/63 
% - 4.2 3.2 

Thoracic spine n/N  2/17 11/58 13/75 
% 11.8 19.0 17.3 

Lumbar spine n/N  2/18 8/53 10/71 
% 11.1 15.1 14.1 

Sacrum n/N  0/20 2/35 2/55 
% - 5.7 3.6 

Pelvis % 0/11 2/43 2/54 
n/N  - 4.7 3.7 

Femur % 0/19 1/59 1/78 
n/N  - 1.7 1.3 

Tibia % 0/13 0/57 0/70 
n/N  - - - 

Fibula % 0/12 0/46 0/58 
n/N  - - - 

Patella n/N  0/8 2/34 2/42 
% - - 4.8 

Feet n/N  1/10 7/53 7/63 
% 10.0% 13.2 11.1 

 

Table 8.68 Prevalence of fractures (individuals affected with the bone preserved for observation) 
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8.13. Stable Isotope Results 

8.13.1. Carbon and nitrogen isotope ratios from bone and tooth collagen 

Only four of the samples tested yielded enough collagen to allow for further analysis of 

carbon and nitrogen isotope ratios (see Table 8.72).  

Sample No. Skeleton No Date Tomb type Sample 
weight (mg) Sample area  

collagen 
yield 
(mg) 

AW3 Sk201-2 post-NK chamber 190 femur right 2.7 
AW4 Sk201-3 post-NK chamber 203 humerus 0.1 
AW5 Sk201-4 post-NK chamber 200 fibula left 0.0 
AW6 Sk201-5 post-NK chamber 183 fibula right 0.0 
AW7 Sk211-3 post-NK niche 181 femur right 0.4 
AW8 Sk214 post-NK niche 201 tibia right 0.0 
AW9 Sk216-1 post-NK niche 198 fibula right 0.0 
AW10 Sk226 post-NK niche 199 fibula right 0.0 
AW11 Sk220 post-NK niche 183 radius right 0.0 
AW12 Sk234-2 NK chamber 190 femur right 0.8 
AW13 Sk234-5 NK chamber 200 femur left 0.0 
AW14 Sk234-12 NK chamber 182 femur right 0.0 
AW15 Sk234-16 NK chamber 177 tibia right 0.1 
AW16 Sk237 post-NK niche 182 femur right 0.58 
AW17 Sk238 post-NK niche 206 femur 0.46 
AW18 Sk240 post-NK niche 171 fibula 0.0 
AW19 Sk300-1 post-NK chamber 181 left rib 4.93 
AW20 Sk300-5 post-NK chamber 167 femur right 0.43 
AW21 Sk301-3 NK chamber 193 femur right 0.07 
AW22 Sk301-4 NK chamber 185 femur right 0.0 
AW23 Sk305-6 post-NK chamber 193 femur right 0.0 
AW24 Sk201-4 post-NK chamber 163 llM3 0.0 
AW25 Sk234-10 NK chamber 146 llM2 0.98 
AW26 Sk300-1 post-NK chamber 180 ulM2 0.76 
AW27 Sk216-3 post-NK niche 190 ulM3 1.97 
AW28 Sk305-3 post-NK chamber 202 llM3 0.0 
AW29 Sk305 [9068] post-NK chamber 184 ulM3 2.8 

Table 8.72: Collagen yields for human samples from Amara West (NK=New Kingdom, post-NK=post-New 
Kingdom, sufficient yields indicated in bold letters) 
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Figure 8.52: Carbon (x-axis) and oxygen (y-axis) isotope ratios of the human and animal samples from Amara West
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8.13.3. FTIR  

FTIR-spectra were obtained for all samples in order to test for contamination of 

carbonate. In all samples, the spectra conform to those expected for dental enamel 

(Weiner, 2010: 291). Contamination was not detected in any of the samples, therefore the 

results obtained from apatite carbonate can be assumed to be representative. 

The results of the analysis of the indicators of physiological stress and disease used to 

address the research questions of this project, as well as of the analysis of stable isotope 

ratios, which were presented in this chapter are discussed with regards to their clinical 

significance and differential diagnosis, and will be set against the socio-cultural, historical, 

environmental, and archaeological background of the people living at Amara West. 



9.1 Comparative data   253 

 

Chapter 9.  Discussion 

This chapter discusses the results outlined in Chapter 8. in order to explore temporal 

trends in the observed markers of stress and disease. Set within the historical, 

environmental, cultural and archaeological context outlined in Chapter 2. and Chapter 3. 

the results are examined in order to consider whether the proposed hypothesis that 

changes in climate and political power had an impact on the population at Amara West can 

be supported. In order to set the individuals from Amara West into a wider regional 

context, the data are further compared to results from other relevant sites from Egypt and 

Sudan (see Figure 9.1, Table 9.1). A summary of data for each individual analysed in the 

thesis is presented in Appendix II. 

9.1. Comparative data 

As described above, in order to set the bioarchaeological data gained through the 

analysis of the individuals from Amara West into a wider regional context, the data are 

compared to published data from several ancient Egyptian and Sudanese sites with broadly 

similar chronological, geographical and/ or ecological backgrounds, even though it is 

recognised that at a site-specific level there may have been considerable variations in terms 

of habitat and subsistence patterns (see Table 9.1). Due to the fact that non-elite cemeteries 

are still rarely excavated in the region and to an even lesser degree analysed and published 

adequately, only a small number of sites provided reliable demographic and 

palaeopathological data. In addition to the Nubian sites discussed in this chapter, data from 

a few additional archaeological sites in Egypt and Sudan were also used for comparison. As 

these sites will repeatedly be cited in the following discussion, they are briefly introduced 

with regard to their chronological, social and economic background.  

  









http://www.amarnaproject.com/pages/recent_projects/excavation/south_tombs_cemetery/
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publication of data lacks sufficient details about the methods employed to diagnose the 

pathological conditions. Therefore, comparability is limited. 
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Figure 9.2 Spatial distribution of child burials in Cemetery C (created by M. Binder) 
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Figure 9.3 Distribution of children in Cemetery D (created by M. Binder) 

9.2.2. Infant mortality during the post-New Kingdom period 

Mortality of infants and children under five years of age is considered a main 

indicator of the quality of living conditions today (WHO, 2012). Countries with the 

highest rates are Chad, Afghanistan and the Republic of Congo with rates around 20%. 

The main reasons for child mortality worldwide are diarrhoeal diseases, pneumonia, 

malaria, neonatal sepsis, pre-term delivery and asphyxia at birth (Bryce et al., 2005). At 

post-New Kingdom Amara West, infants and children under five years of age 

comprised 1.1% of the sample. Comparing this rate to other roughly contemporary 

sites elsewhere in the Nile Valley is difficult due to site-specific differences in funerary 
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combination with the results from palaeopathological analysis discussed in more detail 

throughout the course of this chapter, this certainly represents a plausible option. 

However, an alternative explanation may be explained by underlying genetic reasons 

and the people living in the area (Amara West and Sai Island) may simply be part of a 

very short population. Modern Sudanese populations are on average relatively tall even 

though the sample is likely biased socio-economically and comprises people of a very 

different ethnic background. Unfortunately, nothing is known about the ethnic 

background of the ancient inhabitants from Amara West, and comparative data sets 

from archaeological populations to support or reject this theory are confined to the 

individuals from Sai. In addition, comparative data from modern Nubia which may 

provide further insights are not available. 

A more comprehensive comparative data set, independent of methodological 

errors, is available for mean femur lengths. Due to the problems associated with 

available stature estimation methods available, mean femur lengths are now widely 

used as a good proxy for stature (Goodman & Martin, 2002). The New Kingdom 

sample is characterised by a high degree of fragmentation, and therefore no adult 

femurs were complete enough to be included in this strand of analysis. More data were 

available for the post-New Kingdom sample which could be compared to published 

data from other New Kingdom or Nubian sites for further discussion (see Figure 9.6 

and Table 9.4). Both women and men rank at the lower end of the scale when 

compared to other samples.  

With an average femur length of 41.3cm, only female individuals from Lower 

Nubian New Kingdom sites with an average length of 40.2cms (Batrawi, 1935: 189) 

were smaller than the female individuals from Amara West. Male individuals in 

contrast rank more in the medium range, with extremes represented by the Kerma 

(46.35cms) and Lower Nubian males (43.2cm). This comparison indicates a general 

temporal trend towards a decline in stature in the New Kingdom and post-New 

Kingdom periods throughout the Middle Nile Valley. However, whether this can be 

interpreted as a consequence of a generalised deterioration in climatic conditions 

remains unclear. The comparative samples are too diverse in terms of environmental 

and socioeconomic background, settlement and subsistence patterns to allow for any 

meaningful inferences about wider trends. While the New Kingdom samples (Tombos, 

New Kindom_1 and New Kingdom_2 and Amara West) all represent urban 

populations from more marginal areas. Considerable differences in the ethnic 
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backgrounds of the comparative samples may have introduced additional bias, and 

differences in stature may also at least partially be explained by hereditary factors rather 

than exposure to physiological stress during childhood. 

 

 Kerma C-Group_1 C-Group_2 Tombos New King-
dom_1 

New King-
dom_2 

AMARA 
WEST (post-

NK)  
Meroitic 

Females 43.05 42.63 42 41.93 43.47 40.2 41.3 41.6 
Males 46.35 45.61 45.2 43.82 44.36 43.2 44.4 44.25 

Table 9.4 Comparison of post-New Kingdom Amara West femur lengths (data in cm) to other Sudanese 
skeletal samples (New Kingdom_2, C-Group_2, Meroitic: Batrawi, 1935; Kerma, Tombos, New 
Kingdom_1, C-Group_1: , Buzon, 2006b) 

9.3.2. Growth profile 

Growth profiles, comparing developmental stages of teeth and long bones in 

children have become an established way of assessing sub-adult stress (e.g. Saunders & 

Hoppa, 1993, Larsen, 1997: 9, Goodman & Martin, 2002: 21). A similar analysis was 

attempted for the individuals at Amara West. However, due to the generally small 

number of sub-adult individuals recovered, aggravated by the fact that they were 

mainly found in disturbed contexts and consequently often incomplete, the number of 

individuals that could be studied was very small and therefore the results are only of 

limited significance.  
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Figure 9.6 Comparison of post-New Kingdom Amara West femur lengths to other sites in Sudan 
(data in cm) 
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dental enamel hypoplasias, which were extremely high at Kulubnarti and affected all 

the population (Van Gerven et al., 1990). This indicates significantly higher levels of 

physical stress during growth and may at least partially account for the observed 

differences in long bone length. 

9.4. Dental Disease 

9.4.1. Dental Attrition  

The degree of dental attrition is a major predisposing factor for the development 

of dental diseases and therefore its extent was examined in the population from Amara 

West. The results of the analysis show a generally high degree of wear for both 

chronological subsamples. As tooth wear is a progressive process, increasing with age, 

values were also observed for each age group seperately. High levels of attrition were 

already occurring in young adults both during the New Kingdom and post-New 

Kingdom period, strongly indicating a highly abrasive diet throughout the time period 

of use of the site. An interesting observation was that for some teeth the mean attrition 

values in middle adult individuals did not differ significantly from young adults, which 

is most likely explained by the high degree of antemortem tooth loss often resulting in 

loss of corresponding lower or upper teeth to grind against.  

Archaeological populations from the Nile Valley Region have generally been 

characterised by a high degree of dental wear throughout history (e.g. Smith, 1984, 

Buzon & Bombak, 2010, Gamza & Irish, 2012). The group from Amara West is no 

exception to this rule and values fall well within the range of observed attrition scores 

in other Egyptian and Sudanese sites. The high degree of attrition has mainly been 

attributed to a high content of grit in flour resulting from grinding cereals with 

grinding stones, as well as the accidental inclusion of windblown sand in the diet (e.g. 

Leek, 1972, Smith, 1984, Buzon & Bombak, 2010). Relevant to this observation, Leek 

(1972) examined several samples of desiccated ancient Egyptian bread from tomb 

contexts both through plain film radiography and petrographic analysis. This study 

revealed a remarkable degree of windblown sand, together with small angular grit 

fragments, which he interpreted as representing both chips from grinding stones as 

well as remnants of stones added to the grain deliberately to facilitate processing. 

These factors appear to be reasonable explanations for the individuals from Amara 

West. Even though no remains of bread have been discovered yet, cylindrical ceramic 
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ovens assumed to have been used for 

bread, evidence of hulled and threshed 

cereals (Ryan et al. 2012) and numerous 

examples of grinding stones carved 

from schist, granite or sandstone (see 

Figure 9.7) are found all over the site. 

Many examples are heavily worn., 

perhaps with differential wear patterns 

allowing designation of some 

grindstones as cereal grinding stones, and thus they would have left traces within the 

resulting flour similar to those discovered by Leek. Contamination of the food with 

windblown sand, particularly on windy days is commonly experienced in the Amara 

West area. In light of the palaeoenvironmental and archaeological data from within the 

town providing evidence that sand and dust storms started to become a significant 

environmental problem during the time of occupation of the site, sand in the food 

would have certainly represented a major nuisance for the people at ancient Amara 

West too (Spencer et al., 2012, Dalton, Forthcoming).  

Diachronic comparison of the data does not show any major systematic shifts or 

patterns in the degree of attrition between the New Kingdom and post-New Kingdom 

dentitions. Even though some differences were observed in individual teeth, overall 

there appears to be a minor increase in the degree of dental attrition in the post-New 

Kingdom population. This finding would be consistent with increasingly arid 

conditions and consequent exposure to windblown sand. However, New Kingdom 

sample sizes for individual teeth are relatively small, and therefore any observed 

changes may also be an artefact of the low number of available teeth for analysis.  

9.4.2. Caries  

Rates of dental caries were relatively high in both groups from Amara West. This 

becomes particularly evident in comparison to other Nile Valley populations, and 

stands in contrast to observations by the majority of researchers who consistently have 

found relatively low frequencies of dental caries (Leek, 1972, Rose et al., 1993, Beckett 

& Lovell, 1994, Buzon & Bombak, 2010). The low number of caries detected in 

ancient Egyptian populations is usually explained by the high degree of attrition which 

is thought to prevent adhesion of cariogenic bacteria to tooth surfaces (Greene, 1972). 

Figure 9.7 Grinding stone F4006 from the settlement 
of Amara West 
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conditions and socioeconomic status could also explain these differences. Other data 

(palaeopathological, historic and environmental) do not support the idea that living 

conditions at Amara West were significantly worse than elsewhere in the Nile Valley. 

Nevertheless, for none of the sites are the data sound enough to fully infer quality of 

life, and information about factors such as malnutrition remain relatively hidden. 

Therefore, frailty and subsequent susceptibility to caries could be another factor 

explaining both the diachronic differences in addition to those observed between 

Amara West and other sites. Differences in the chemical composition of water, 

specifically in fluoride content which is known to prevent caries formation (Hillson, 

2001), can be excluded as a reason for the observed differences in caries prevalence. 

Hydrochemical studies of Nile water in Egypt have shown generally low levels of 

fluoride in water (Ahmed, 2014).  

Oral hygiene and care is another parameter influencing the degree of caries as well 

as all other types of dental disease. Even though the dental profession has been 

tentatively identified in ancient Egyptian texts, archaeological evidence in the form of 

dental tools have not been found to date, and even if some form of dentistry was 

practiced it would have been reserved for the higher social classes (Leek, 1967). 

Evidence for the treatment of dental disease is confined to a small number of 

descriptions of remedies mentioned in the Papyrus Ebers (Nunn, 1996: 205). No other 

signs of dental care such as tools for cleaning of the teeth have ever been found in an 

ancient Egyptian archaeological context, despite excellent preservation conditions even 

for organic materials (Forshaw, 2009). Therefore one may speculate that the high levels 

of dental pathologies at Amara West and elsewhere in ancient Egyptian and Nubian 

sites are also a reflection of the complete absence of any form of dental care (Forshaw, 

2009). 
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has been contested, and it remains unclear to what extent the changes seen in 

archaeological human remains represent actual evidence of periodontal disease or 

whether they reflect responses to biomechanical stress related to attrition and 

subsequent continuing eruption (Clarke et al., 1986, Glass, 1991). Its prevalence may 

therefore be highly overrated Moreover, different methodologies applied leave inter-

site comparison generally difficult. (Roberts & Manchester, 2005: 74).  

In the Sudanese sites used for comparison in this study, alveolar bone loss was not 

included in the spectrum of dental diseases analysed, and therefore no comparative 

data from Sudan exists. However, the high prevalence observed at Amara West 

correlates well with high levels of attrition observed in both groups. Dental calculus 

was equally common and may also have contributed. Similar to other forms of dental 

disease, alveolar bone loss is a progressive process, and its severity increases with age. 

The very early onset of periodontal disease, already affecting a small proportion of the 

sub-adult individuals from the post-New Kingdom period, therefore lends further 

support to the notion that people living at Amara West experienced poor dental health.  

9.4.7. Dental enamel hypoplasias  

Dental enamel hypoplasias (DEH) were relatively frequently observed in the 

groups from Amara West, with 35.0% of the New Kingdom population and 47.0% of 

the post-New Kingdom individuals displaying at least two hypoplastic teeth. These 

rates are amongst the highest observed in all of the comparative samples from Sudan 

and Egypt, with the post-New Kingdom group having the highest frequency of all 

groups (see Figure 9.13 and Table 9.9). Comparability is somewhat limited due to 

discrepancies of methods applied in scoring DEH. For example, Buzon only analysed 

incisors, canines and premolars but included all individuals with at least one anterior 

tooth was present (Buzon, 2006b). 
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diarrhoea (Stuart-Macadam, 1992). However, based on clinical evidence iron-deficiency 

anemia recently has been discared as a possible cause for orbital lesions in skeletal 

human remains (Walker et al., 2009; see section 4.3.4) and palaeopathology has 

increasingly turned to megaloblastic anaemia due to malaria as a likely cause for high 

frequencies of cribra orbitalia in many skeletal samples from various geographic and 

chronological backgrounds (e.g. Buckley & Tayles, 2003, Gowland & Garnsey, 2010, 

Gowland & Western, 2012). Malaria is a protozoan infection, transmitted by different 

forms of mosquitoes (Eddleston et al., 2008: 32). In modern Sudan, it represents one 

of the leading causes of death amongst children under five years (UNICEF, 2013), and 

is responsible for one third of hospitalisations of adults and children in the north of 

the country (Malcolm et al., 2007). Its presence in ancient Egypt has been 

demonstrated repeatedly through immunobiological detection of antigens (Miller et al., 

1994), and aDNA analysis of Plasmodium falciparium, the parasite causing the most 

dangerous form of malaria, has been attested in ancient Egyptian mummified remains 

dating to c. 1500BC (Nerlich et al., 2008). Similar findings from Sudan are so far 

missing and therefore its distribution and epidemiology remains unknown. However, 

spread of the disease into Egypt from more southern regions of Africa is assumed to 

have occurred via the Nile Valley route, and thus its presence in Egypt also 

presupposes a presence in the Middle Nile Valley (Malcolm et al., 2007). At least up 

until the New Kingdom period, the environmental conditions in Nubia would have 

been favourable for sustaining adequate populations of Anopheles arabiensis, the main 

malaria vector in Northern Sudan. Field studies in the northern Sudanese Nile Valley 

have shown, that stagnant pools of water remaining in river beds after the floods 

provide ideal breeding conditions for A. arabiensis, leading to a considerable population 

increase, while during the flood season itself numbers decreased (Dukeen & Omer, 

1986). Therefore, it stands as a potential explanation for the observed frequency of 

examples at Amara West too. 

Another type of anaemia potentially leading to the changes observed in skeletal 

remains is megaloblastic anaemia (Walker et al., 2009). This anaemia affecting 

megaloblastic cells in blood marrow, can arise from a number of conditions but is 

most commonly caused by deficiency in Vitamin B12 and/or folic acid (Schick, 2012). 

While dietary reasons very rarely account for Vitamin B12 deficiency, it is more 

commonly linked to various parasitic gastrointestinal diseases (Walker et al., 2009), 

some of which may have well been present at Amara West as well. Folic acid 



9.5 Orbital lesions  293 

 

deficiency on the other hand is mainly linked to food preparation techniques, because 

it is destroyed by excessive heating of food, especially when diluted in water. Ways of 

food processing at Amara West are yet unknown but the possibility of folic acid 

deficiency contributing to megaloblastic anaemia cannot be excluded. 

9.5.1.ii. Inflammatory conditions of the eye 

A possible connection between certain inflammatory diseases of the eye and 

porosity in the orbital roof were suspected by Sandison back in 1967, even though this 

differential diagnostic option has received by far less attention than anaemia in 

palaeopathology. Histological research performed on porotic lesions has confirmed 

this early notion, showing that a large number of observed lesions in the study was not 

caused by marrow hypertrophy but rather represents periosteal new bone formation 

secondary to inflammation (Wapler et al., 2004). Chronic inflammation in soft tissue 

generally stimulates increased vascular activity and can, if occurring in the vicinity of 

bone, spread to the periosteum where it leads to new bone deposition (Weston, 2008). 

Inflammation of the eye and the underlying orbital bone can arise as a primary 

condition, or secondary to a large number of different viral, bacterial, fungal and 

parasitic infections, neoplastic conditions, endocrine diseases, trauma, and the result of 

infiltration by foreign objects (Cockerham et al., 2003). In addition, orbital involvement 

can also spread secondarily from infections of the frontal and paranasal sinuses 

(Garrity, 2012), as well as from endocranial pathologies.  

Differentiating between lesions caused by anaemia and inflammatory lesions is 

difficult without further invasive histological analysis, which has not been carried out 

on the individuals from Amara West (Wapler et al., 2004). While haemolytic anaemia 

due to malaria is certainly within reason, the environment at Amara West would have 

also provided an ideal habitat for various infectious agents causing chronic 

inflammation of the eye and orbits. More than half of the lesions observed in the New 

Kingdom sample, and over a third of those in the post-New Kingdom sample, are 

represented by changes expressed as vessel impressions associated with slight 

hypertrophy in the orbital roof (grade 1). These are similar in morphological 

appearance to skeletal changes associated with NBF subsequent to inflammation in 

other parts of the skeleton. Eye diseases were certainly a highly prevalent problem in 

ancient Egypt (Sandison, 1967). The most comprehensive evidence is provided by the 

Papyrus Ebers which contains an entire section concerned with a variety of different 

eye diseases and their treatment (Westendorf, 1999). Further descriptions are found in 
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Figure 9.14 Dense cluster of small houses in area E13 at Amara West (© S. Green) 

Rates of NBF in the tibiae are generally relatively similar throughout populations 

from archaeological sites in Sudan (see Figure 9.15 and Table 9.10). In comparison 

with other archaeological populations in Sudan, the New Kingdom group is well 

within the range observed in the other groups. The post-New Kingdom individuals 

from Amara West however show markedly higher values than any other groups. 

Despite cultural differences, in terms of ecological parameters and living environment, 

all groups can be assumed to represent relatively similar riverine, agricultural 

communities exposed to a similar spectrum of diseases. The higher values observed in 

the post-New Kingdom periods could therefore be interpreted as another piece of 

evidence that living conditions after the end of the New Kingdom period deteriorated, 

not only because of higher levels of pathogens, but perhaps brought about by 

increased environmental pressure and consequent decreased immune resistance 

through malnutrition and physiological stress.  
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biomolecular evidence (e.g. Zink et al., 2003) can be added to the body of literature, 

attesting to the fact that TB posed a common health problem in the Middle and Lower 

Nile Valley. Tuberculosis is still endemic in Sudan today (WHO, 2013a). Its prevalence 

is rising again due to the increase of multi-drug resistant strains, making the disease a 

major cause of mortality and morbidity amongst children and adults (Sharaf Eldin et 

al., 2011). The town at Amara West would have certainly provided a suitable 

environment for the transmission of TB. Common risk factors predisposing people to 

contracting TB such as poor hygiene, dietary deficiencies, close relationship to animals 

(see Figure 9.18) and crowded living conditions (Roberts, 2008) would have certainly 

affected the people living at ancient Amara West. However, in the absence of 

unambiguous pathological lesions caused by TB in the skeletal remains from Amara 

West, it remains unknown whether or to what extent TB could have been the 

underlying cause of rib lesion identified. 

Figure 9.18 Animal pens near the Nubian village of Kulb at the 2nd Cataract (© M. Dalton) 
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The increase in chronic pulmonary diseases amongst people living in areas exposed to 

rising levels of atmospheric dust has been identified as one of the major health 

problems accompanying drought and desertification (Stanke et al., 2013, WHO, 2013c). 

Several studies have shown a linear relationship between ongoing desertification, the 

frequency of sandstorms, and morbidity and mortality caused by respiratory infections 

(reviewed by Stanke et al., 2013). The increasing accumulation of aeolian sand in the 

later occupation deposits of the town at Amara West provides ample evidence to 

suggest that air pollution gradually became a major health problem for people living in 

the area. It therefore appears reasonable to assume that these environmental changes 

may explain the shift in frequency of inflammatory rib lesions observed in the human 

skeletal remains in the later period. 

Further differences were observed when analysing the prevalence of new bone 

formation on the ribs for each sex seperately. While in females rates were very high 

during the entire time of use of the cemeteries, rates in males only reached similarly 

high values during the post-New Kingdom period. In living Western populations, 

most chronic pulmonary diseases appear to affect men more commonly than women, 

even though this is assumed to be linked to differential exposure rather than genetic 

differences (Kamangar, 2013). The differences in male and female individuals during 

the New Kingdom period could equally be potentially explained by differences in 

occupation. However, the sharp rise in the post-New Kingdom male population 

indicates increased exposure to pulmonary pathogens/poor air quality as a result of 

sand in the atmosphere either brought about by changes in occupation or by changing 

environmental conditions. If indeed environmental air pollution through sand and dust 

only eventually became a health threat during the late New Kingdom and post-New 

Kingdom period, it would be expected to have affected everyone living at Amara West 

to a similar extent, regardless of sex or occupation, resulting in an even distribution of 

evidence of chronic inflammation of the lung throughout the entire population.  

In contrast to the trends observed for diseases of the lung, evidence of maxillary 

sinusitis decreases significantly in the post-New Kingdom period. When controlled for 

by age, this distribution can be seen in all age categories. At first glance, this appears 

contradictory to the notion of increasing air pollution in the wake of gradual 

environmental deterioration as the effects on health could be expected to have similar 

manifestations in both the upper and lower respiratory tract. Furthermore, the findings 

cannot be explained by similar tendencies in dental disease frequencies because they 
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9.6.4. Pathological changes on the endocranial surface of the skull 

Pathologically induced bone changes on the endocranial surface of the skull vault 

(new bone deposition, porosity, vessel impressions) represent another common sign of 

disease in the population from Amara West, observed in many individuals. In children, 

endocranial changes are relatively well researched in palaeopathology and are assumed 

to result from inflammatory conditions of the meningeal vessels (meningitis) which 

stimulate new bone formation and deepened vessel impressions (e.g. Schultz, 2001, 

Lewis, 2004) even though clinical data to support these assumptions are rare (Schultz, 

1993). Diseases associated with endocranial lesions in sub-adult remains include 

primary or secondary chronic meningitis, usually caused by bacterial and viral 

infections including gastroenteritis, pneumonia, tuberculosis and measles, as well as 

other diseases such as scurvy, cancer, and finally trauma (Greenlee, 2013a, b). 

However, the relationship between endocranial changes and these diseases has not yet 

been firmly established from a clinical perspective. The possible disease spectrum that 

the environment at Amara West could have supported has already been discussed 

above (see Section 9.2). Therefore, all of the named causes of chronic meningeal 

inflammation would serve as reasonable explanations for the observed changes on the 

skull vault. A differential diagnosis again would only be possible if further diagnostic 

criteria were present or if additional biomolecular techniques could be applied. 

However, as this is not the case for the individuals of Amara West and a biomolecular 

analysis has not been undertaken, the skeletal changes can only be taken as another 

piece of evidence for a heavy disease burden in the Amara West region at the 

beginning of the 1st millennium BC. 

With the exception of scurvy, the underlying causes are largely assumed to be 

similar in adults (Hershkovitz et al., 2002). Hershkovitz and co-workers (2002), as well 

as earlier works by Mensforth et al. (1978), particularly emphasized the role of chronic 

pulmonary infections including TB as the most probable cause of the observed 

endocranial lesions based on studies of documented historical collection of human 

skeletal remains. Table 9.13 shows that endocranial changes at Amara West were 

highly correlated with NBF on the inner side of the ribs both in adults and sub-adults. 

In the absence of clear differential diagnostic features, it remains unclear whether the 

changes observed in the ribs of the Amara West individuals are at least partially due to 

TB (see 9.6.3.iii) but it nevertheless remains an intriguing thought. Comparing 

prevalence rates between New Kingdom and post-New kingdom individuals, some 
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(New Kingdom) and 74.2% (post-New Kingdom) individuals, respectively. These 

findings strongly suggest that the people living at Amara West both during the New 

Kingdom and post-New Kingdom periods were exposed to risk factors predisposing 

to osteoarthritis. In the following sections, the most commonly affected joints will 

briefly be discussed with regard to their aetiology and prevalence in modern and 

archaeological populations in comparison to the findings from Amara West (see Table 

9.14). A contextualised discussion, trying to explore reasons for the observed 

prevalence rates, is undertaken for all joints combined in Section 9.7.2.. 

 Amara 
West NK 

Amara West 
post-NK Tombos1 Kulubnarti2 Gabati 

Meroitic3 
Gabati  

Post-Meroitic3 

    F M F M F M 

TMJ 50.0 58.3 - 17.4  - - - - 

ACJ 60.0 73.1 -  35 - - - - 

Shoulder 5.9 37.1 10.0 25 18.3 26.3* 51.7* 19.4 57.1 

Elbow 34.8 51.4 1.0 1.5 5.7 21.2 37.0 5.6 28.6 

Wrist 47.4 39.3 1.0 - - 38.6 56.1 25.0 46.4 

Hand 63.2 63.6 - 32.7 26.7 36.8 44.6 53.8 25.0 

Hip  41.2 41.5 6.0 28.9 17.3 50.5 43.8 27.8 42.9 

Knee 31.6 54.8 1.0 31.3 20.4 19.6 29.2 13.9 17.9 

Ankle 14.3 29.4 - -  24.3 45.2 22.2 46.6 

Foot 43.8 45.5 - - - 31.4 47.9 5.6 46.6 

Table 9.14 Overview of osteoarthritis prevalence rates (individuals affected versus individuals with joints 
preserved) at Amara West and other comparative sites (data in %, 1Schrader, 2012, 2Kilgore, 1984, 
3Judd, 2012) 

9.7.1.i. Extra-spinal sites 

The most frequently affect joint in both groups from Amara West was the 

acromio-clavicular joint (ACJ). Together with the shoulder joint, it allows for any 

movement of the arms (Gray, 1918; 2000). The gleno-humeral joint in contrast was by 

far less often affected than the ACJ and amongst those joints least commonly affected. 

This corresponds to clinical studies where the glenoid cavity and humeral head are 

generally uncommon sites for osteoarthritis (Nakagawa et al., 1999, Millett et al., 2008). 

Aside from sex, increasing age and hereditary factors, risk factors include heavy lifting 

and over-head activities such as throwing, chopping or lifting objects overhead (Millett 

et al., 2008). In bioarchaeological studies, the shoulder joint is usually also found to be 

amongst the lesser affected joints, even though comparability of osteoarthritis studies 

is generally problematic due to discrepancies in recording methods. The frequency at 

New Kingdom Tombos was very low at only 11% of analysed individuals (Schrader, 
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also found an association with more specialised occupations such as textile working 

even though this has not been supported by others (Hammer et al., 2014). Other 

studies have shown the association between grip strength ascribed to physical labour 

and high levels of hand osteoarthritis (Chaisson et al., 1999, Cvijetic et al., 2004). 

Therefore, the high prevalence of degenerative changes in the joints of the hands 

provides another indication that physically demanding activities were likely a major 

part of daily life at Amara West.  

Similar to observations in modern epidemiological studies, the prevalence of 

osteoarthritis in the hip and knee joints was also very high in both New Kingdom and 

post-New Kingdom individuals. These joint complexes represent the major weight-

bearing joints in the body. osteoarthritis in these joints has been linked to increasing 

age, genetic background, obesity and sex, with women being more commonly affected 

than men (Waldron, 2009: 38). The precise contribution of work load on the 

development of hip osteoarthritis is still not clear but has only been found to be 

moderate in a large-scale clinical meta-study (Lievense et al., 2001). Heavy lifting has 

been identified as the most important occupational hazard putting people at risk of 

OA in the hip (Sulsky et al., 2012). Together with osteoarthritis of the hand and knee, it 

is frequently cited as one of the most common farming related joint diseases (Croft et 

al., 1992, Jurmain, 1999: 89). 

The lowest prevalence rates of osteoarthritis were observed in the joints of the 

ankle bones. This is generally in accordance with observations in modern as well as 

archaeological populations which have found osteoarthritis in the ankle to be generally 

very uncommon. This has been attributed to biomechanical differences in contrast to 

other joints with higher susceptibility, the thickness of the joint cartilage (Huch et al., 

1997). The generally low frequency of osteoarthritis in the ankle may further derive 

from evolutionary changes and may be linked to the fact that in contrast to the knee or 

hip joint, the changes occurring in loading during evolution of erect posture were a lot 

less drastic in the ankle joint. Similar trends in the prevalence of ankle osteoarthritis are 

reported in bioarchaeological studies (Bridges, 1991) even though the ankle joint is 

only rarely observed for osteoarthritis and therefore comparative data is limited.  

9.7.1.ii. Synovial joints of the spine and IVD 

Degenerative changes in the synovial joints and bodies were equally common in 

both chronological groups at Amara West. The aetiology of osteoarthritis in the spine, 
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commodity storage at Amara West; delivery notes upon ostraca provide evidence that 

some of this storage was part of an organised redistributive network.. However, it 

remains questionable as to how far these benefited the local population, or rather were 

part of the wider colonial network of trade and tributes. Therefore, in order to sustain 

a population at Amara West, relative economic independence would have been 

inevitable in order to guarantee long term survival of the community. The changing 

character of the settlement towards a more self-organised entity from c. 1200BC 

onwards (Spencer, 2014c) provides archaeological support for this claim. Even though 

no direct evidence has been found to date, the terrain would have certainly allowed for 

agriculture to be practised. Areas unoccupied by houses which would have been 

suitable for cultivation and keeping of livestock can be found in the lower lying parts 

of the island to the west and north-west of the walled town, some of it subject to 

annual inundation (Spencer, 1997).  

Fishing, evidenced through finds of fishing weights in several houses at Amara 

West (Spencer, 2014a) may have had a certain economic importance too, even though 

the scale and importance of fishing in terms of subsistence awaits the study of the fish 

bones from the site. Occupationally related activities of daily life would have 

comprised all tasks necessary for food production and processing, and maintenance of 

houses (see Figure 9.20) and agricultural land. In addition, small scale industrial 

activities such as metalworking, production of pottery (see Figure 9.21), and possibly 

faience, are indicated by finds of workshop 

areas and kilns within the settlement 

(Spencer, 2014a, b). Processing of quartz to 

extract gold has long been suggested as one 

of principal activities at Amara West, stone 

tools found in an extramural house during 

the 2014 season bore gold traces (Spencer, 

pers. comm., 2014). Based on the size of 

the houses and settlement it can be 

assumed that the population was relatively 

small throughout the time period of 

occupation (Spencer, 2014a) and would 

have perhaps not allowed for a high degree 

of division of labour or craft specialisations.  
Figure 9.20 Building works in a mud brick house 
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