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ABSTRACT

The present project attempts to assess the overall health of a Predynastic Egyptian 

working class population, based on skeletal stress indicators. This study contributes to a 

growing knowledge base regarding the biological anthropology of Predynastic Egyptians. 

Information generated from this research may help address larger questions, such as: how 

do Predynastic Egyptian mortality profiles compare with each other, and with other 

groups from around the world?

Fifty-three skeletons were examined from Hierakonpolis’ HK43 cemetery. Data 

were collected according to conventional osteological methods. Most skeletal stress 

indicators observed were mild. Evidence of degenerative disease in adults reflected 

lifetimes of hard, physical labor. The presence of dental caries, calculus deposits and 

hemopoietic lesions suggested a grain-dependant diet. Interestingly, the majority of these 

people appeared to be young or middle-aged adults in good health. Whatever caused their 

deaths is not immediately apparent from their skeletal remains.
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INTRODUCTION

Hierakonpolis is located near the Nile river in Upper Egypt, 650 kilometers south 

of Cairo. Originally named “Nekhen”, or “City of the Hawk”, it is one of the major 

Predynastic sites in Egypt (Davies and Friedman, 1998). The city served as the capital of 

Upper Egypt’s vast kingdom during the later Predynastic period and the beginning of the 

Old Kingdom (C. 3400 B.C. - C. 2575 B.C.), and was also considered the home of the 

falcon god Horus (Davies and Friedman, 1998). The city existed during a tumultuous 

time, as the “Two Lands”, Upper and Lower Egypt, were unifying. Art, architecture, 

political organization, literacy, and technology were changing rapidly. Within 500 years, 

Dynastic Egypt, an expansive, highly sophisticated civilization, would emerge.

More than 100 years of excavation at Hierakonpolis have yielded remarkable 

discoveries. Hierakonpolis boasts many “firsts” that later defined Dynastic Egypt, such as 

the earliest evidence of intentional human mummification, hieroglyphics, and tomb 

painting (Friedman, 1998b, c; Johnson, 1998; Davies, 1999). Social stratification was also 

evident, judging from associated grave goods and iconography (Hoffinan, 1979; Hoffinan 

1982; Friedman 1999, n. d.; Davies and Friedman, 1998; Mills, 1992; Adams, 2000). Many 

of these finds date well into the Predynastic period, predating other examples by hundreds 

of years.

Renee Friedman (British Museum) and Barbara Adams (Petrie Museum of 

Egyptian Archaeology) have directed research at Hierakonpolis from 1995 to the present. 

Currently, Dr. Friedman is supervising the excavation of a large cemetery, the HK43 local.
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Figure 1. Map of Upper Egypt (Hoffman, 1979)



HK43 contains approximately 104 working class inhabitants of Hierakonpolis (Maish 

n. d.). Ongoing excavation is increasing the number of individuals available for study.

Hierakonpolis is a significant archaeological site for several reasons. Much of the 

information regarding Predynastic Egyptians has been generated from research undertaken 

at Hierakonpolis (Hoffman, 1979). Unlike smaller neighboring sites, Hierakonpolis 

represents an important urban and political center. Davies and Friedman (1998) noted 

“(R)ecent explorations have shown that by 3500 B.C. Hierakonpolis was the most 

important settlement along the Nile- a vibrant, bustling city already equipped with many 

features that would later come to typify Egyptian culture and form the basis of its 

economy. Stretching for over 2 miles (3 km) along the edge of the floodplain, it was a city 

of many neighborhoods, filled with farmers, potters, craftsmen and officials” (Davies and 

Friedman 25: 1998).

Many important Predynastic sites, including Hierakonpolis, Naqada, Armant and 

Khozam, were discovered by scholars during the early part of the twentieth century. 

Unfortunately, in most cases, the archaeologists, who were often untrained as excavators, 

failed to carefully plan their excavation strategies or document materials recovered 

(Hoffman, 1979; Harlan, 1992; Hendrickx, 1992). Sites such as Armant and Hierakonpolis 

were rare exceptions (Hoffman, 1979; Griswold, 1992). Hierakonpolis was meticulously 

excavated and documented by Sir William Flinders Petrie and F.W. Green. Petrie, Green 

and their students left a legacy of extensive field notes and publications that have proven 

invaluable to contemporary investigators (Hoffman, 1979).
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Over the centuries, many archaeological sites in Egypt have been ravaged by 

looters, and Hierakonpolis is no exception. Its cemeteries have been repeatedly plundered 

by local villagers, as well as by 19th and early 20th century archaeologists, who were 

searching for marketable objects, like copper jewelry and other grave goods (see Petrie 

and Quibell, 1896; Mills, 1992; Harlan, 1992; Hendricks, 1992; Friedman, n. d.). In 1978, 

the American Expedition, formerly led by Dr. Michael Hoffinan, began to explore the 

pillaged cemeteries and other disturbed areas that had previously been ignored. The 

American Expedition, later renamed the Hierakonpolis Expedition, uncovered definitive 

features, including a brewery, housing structures and even a few graves and tombs that 

survived in good condition (Davies and Friedman, 1998; Johnson, 1998).

Finally, Hierakonpolis offers a unique opportunity to examine a dynamic 

population from a momentous period in Egyptian history. Hierakonpolis has long attracted 

international interest, as it is recognized as one of the “premier sites for understanding 

early (and later) Ancient Egypt” (Friedman 1: 1998a). There are many promising avenues 

for biological and paleopathological study at this site, and some new research ideas 

inspired by the present study are detailed in the conclusions of this thesis.

Previous Research Regarding Health and Diet at Hierakonpolis

In order to better interpret the skeletal stress indicators observed, the health, diet, 

and lifestyle of Hierakonpolis’ inhabitants must be better understood. The remains of 

plants, large and small animal bones, human soft tissue, and copralites from HK43 have
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been examined (see Hoffman, 1979; Mills, 1992; McArdle, 1992; Fahmy, 2000, n. d.). 

Parasite studies have not yet been conducted (as of spring, 2002), but are expected to take 

place in the near future (Friedman, personal communication 2001).

Hoffinan (1979), Mills (1992), Geller (1992), and Fahmy (2000, n. d.) 

demonstrated that emmer wheat ( Triticumdicoccum) and barley (Hordeum sp.) made up 

the bulk of the Hierakonpolitans’ diet. Fahmy (2000, n. d.) collected the contents of 

stomachs and intestines from nine human burials (seven adults and two children) from the 

HK43 local. The material was hydrated and then microscopically examined for evidence of 

dietary remains. Analysis revealed the presence of phytoliths (plant silica shells), starch 

grains, and small amounts of fruit skin. The phytoliths and starch grains were identified as 

emmer wheat. No phytoliths were found in the children’s samples, indicating that grains 

were processed more finely for their meals. Fahmy suggested that finely processed food 

may have been fed to mortally ill children, while healthy children and adults may have 

enjoyed a coarser diet. Interestingly, one dentition of an HK43 child (Burial #46 in the 

HK43 catalogue system) exhibited moderate wear typical of young adults. Possible 

reasons for extreme dental wear observed in the HK43 individuals will be discussed in 

Chapter 5.

Bread and beer were probably basic to the diet and economy of Dynastic and 

Predynastic Egyptians, as textual and pictorial evidence from Dynastic Egypt depict beer 

and bread as food staples and commodities (Kemp, 1989; Mills, 1992 Geller, 1992; Leek, 

1972d). Geller (1992) claimed “(T)he primary role of beer in ancient Egypt was as a daily
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foodstuff. It was a vitamin-and protein- rich caloric staple- quite unlike the filtered and 

pasteurized, modem, commercial product- and safer to drink than river, canal and pond 

water...beer and bread- as well as grain and other ingredients to make them- were 

distributed as staple rations...to workers...and to soldiers” (Geller 20: 1992). The 

discovery of a brewery in Hierakonpolis provided the earliest evidence of beer production 

in Egypt (Mills, 1992; Geller, 1992). It may be hypothesized that beer was also a primary 

food source in Hierakonpolis (Geller, 1992).

McArdle (1992) suggested that animal protein may have been occasionally 

consumed, but was not a primary staple. Large quantities of well-preserved faunal bones, 

especially goats and sheep, and to a lesser extent, cattle and pigs, continue to be 

uncovered in excavations at Hierakonpolis (McArdle, 1992). Apparently, domestic 

animals were kept at Hierakonpolis, but they were not primarily utilized for meat.

McArdle noted that the remains of the domestic species present at localities HK11, HK29 

and HK29A showed butchery patterns reflective of use for purposes other than meat 

supply. The remains of very young goats in the HK11 local indicated ritual slaughter, 

possibly for religious purposes (McArdle, 1992). Cattle and pigs were older animals when 

slaughtered, suggesting that they were kept as breeding stock, draft animals, or status 

symbols. Large herds of goats and sheep were probably kept for their milk, which could 

have been utilized for direct consumption and cheese production (McArdle, 1992). Human 

copralites revealed that the Hierakonpolitans’ diet consisted mainly of starches, supporting 

the idea that animal protein was consumed on a less frequent basis (Hoffman, 1979).
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Summary

Previous research at Hierakonpolis indicated that the working class 

Hierakonpolitans enjoyed a grain-dependent, carbohydrate-rich diet. This population 

probably subsisted on processed foodstuffs derived from wheat and barley, such as bread 

and beer, dairy products, such as milk and cheese, seasonal fruits and vegetables, and 

occasional servings of animal meat (Geller, 1992; McArdle,1992; Mills, 1992; Fahmy,

2000, n. d.). The HK43 individuals probably had sufficient caloric intake, but the high 

frequency of hemopoietic lesions, albeit mild or healed in most cases, implied that they 

suffered from iron deficiency anemia (El-Najjar, 1975; Macadam, 1987a). Moderate 

frequencies of linear enamel hypoplasia, a metabolic stress indicator seen most commonly 

on the anterior teeth (Goodman and Armelagos, 1985a, b; Hillson, 1996), suggested 

chronic or episodic bouts of stress, possibly due to dietary deficiencies or disease 

(Goodman and Rose, 1985; Goodman and Armelagos, 1985a, b; Ensor and Irish, 1995; 

Hillson, 1996; Aufderheide and Rodriguez-Martin,1998). Evidence of degenerative 

changes on joints and vertebrae reflected lifetimes of hard work (Jurmain, 1977, 1980, 

1990; Mann and Murphy, 1994; Rathbun and Maish,1997; Slaus, 2000).

This thesis attempts to identify and describe the skeletal stress indicators observed 

on the HK43 sample, as well as the nature and etiologies of each. Materials and methods 

used to score and analyze these traits, as well as hypotheses tested, will be discussed. A 

mortality profile of the HK43 group, based on trait frequencies observed, will be described 

along with other research results. Biological anthropological studies provide important
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insights to the diet, health and lifestyle of past and modem human populations. Presently, 

this research is the only comprehensive assessment of overall health, based on skeletal 

stress indicators, undertaken with the burials at Hierakonpolis.
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SKELETAL AND DENTAL TRAITS OBSERVED AT HK43

Past studies have shown that particular dental characteristics, metabolic stress 

indicators, hemopoietic stress indicators, and degenerative joint and disk disease are useful 

for inferring health, diet, and lifestyle of archaeological populations (see Angel, 1966a, 

1966b; Turner, 1979; Jurmain, 1977, 1980, 1990; Ortner and Putschar, 1981; Goodman 

and Armelagos, 1985; Smith, 1984; Stuart-Macadam, 1987a, 1989; Goodman and Rose, 

1991; Larsen et al., 1991; Scott, 1991; Hillson, 1996; Aufderheide and Rodriguez-Martin, 

1998, among many others).

This thesis provides descriptions highlighting the appearance and etiology of the 

traits observed on the HK43 sample. These traits are: dental caries, linear enamel 

hypoplasia (LEH), cribra orbitalia (CO), porotic hyperostosis (PH), degenerative joint 

disease (DJD) and degenerative disk disease (DDD). These characteristics, widely 

believed to be indicative of physical and nutritional stress, were chosen for study because 

they appear on hard tissues— bones and teeth. The methods used to assess and record 

these traits were based on visual inspection, and will be described in Chapter 2. Other 

diagnostic indicators, like Harris lines or bone density, were not examined because such 

analysis required X-ray equipment that was not available at Hierakonpolis. This chapter 

begins with an overview of the dental traits, followed by hemopoietic stress indicators, and 

degenerative disease. A brief concluding summary emphasizes the importance of these 

diagnostic traits when inferring overall health in archaeological human populations.
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DENTAL CARIES

Caries is one of the most common pathologies affecting humans, and is the primary 

cause of tooth loss. This disease was prevalent in past human societies, and has also been 

observed in the dentitions of early human relatives (Larsen, 1997). Dental caries is defined 

as the localized destruction of tooth tissue by bacterial action (Gibbons and Van Houte, 

1975). Teeth most prone to cariogenesis include molars and premolars, as their occlusal 

surfaces contain grooves and pits where plaque accumulates. Plaque is a soft, sticky 

substance consisting of bacteria normally found in the mouth, acids, tiny bits of food, and 

saliva (Hillson, 1996). Plaque tends to build up along the buccal and lingual gingival 

margins, and in interproximal surfaces. If plaque deposits are not removed, they can 

calcify as calculus.

Bacterial microorganisms associated with cariogenesis include lactobacilli and 

Streptococci mutans (Gibbons and Van Houte, 1975; Ortner and Putschar, 1981; Hillson, 

1996). High frequencies of these bacteria are generally found in the saliva of individuals 

who consume large quantities of sugars and starches. Lactobacilli and Streptococci mutans 

metabolize sugars very quickly and produce waste acids as a byproduct. The acids start to 

break down tooth enamel within 20 minutes after eating. If the fermenting organic material 

is not removed, these concentrated acids can dissolve the hard tissues in the teeth and 

leave necrotic pits (Turner, 1979; Turner et al.,1991).

Carious lesions develop differently, depending on whether they are located on the 

root or crown of the tooth (Hillson, 1996). An enamel lesion begins as a small opacity
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below the crown surface. As the spot enlarges, a dark center appears. Over time, the 

affected area disintegrates and forms a generally painless cavity. However, if the cavities 

continue to enlarge, the interior of the tooth may become infected. A painful abscess, 

usually followed by exfoliation (loss) of the tooth, will result (Hillson, 1996).

Root caries does not occur unless the root is exposed, and is thereby vulnerable to 

bacterial infection. Notably, periodontal disease is often associated with the presence of 

root caries. Periodontal disease develops when the gingival tissues surrounding the teeth 

are irritated or infected by plaque deposits (Turner, 1979). If not treated, this condition 

results in resorption of the alveolar bone and, consequently, root exposure. Older 

individuals suffering from chronic periodontitis are more prone to root caries (Larsen, 

1997; Aufderheide and Rodriguez-Martin,1998). Root caries normally develops along the 

cemento-enamel junction (CEJ), or the exposed cement below the crown rim. Bacteria 

collect in such protected areas, and gradually demineralize the cementum before moving 

into the softer dentine. Once the dentine is invaded, the rate of destruction is rapid. The 

lesion may extend upward and eat away the overlying enamel, causing the tooth to 

destabilize and fracture. If root caries progresses untreated, the soft tissue within the tooth 

will become infected, resulting in an abscess and exfoliation (Hillson 1996).

Caries progression is a gradual process, with active and dormant phases. When the 

cavity is in a stable state, it is “arrested”, and if in an active state, it is “progressive.” 

Rampant caries occurs when the carious lesions are swiftly destroying the affected tooth 

or teeth. This rare condition usually affects deciduous teeth (Hillson, 1996).
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Figure 2. Root Caries (Photo in Hillson 276: 1996)



Figure 3. Crown Caries (Photo in Hillson 273: 1996)



Paleopathology o f Dental Caries

The increase in dental caries in humans over time is widely thought to be linked 

with the shift from a hunter-gatherer lifestyle to an agricultural lifestyle approximately 

10,000 years ago (Turner, 1979; Ortner and Putschar, 1981; Smith, 1984; Larsen et al., 

1991; Scott, 1991; Hillson, 1996; Aufderheide and Rodriguez-Martin,1998). Early 

agricultural societies subsisted primarily on ground grains and processed food. The 

consistency of their diet was generally softer than that of hunter-gatherer groups, reducing 

the stress inflicted on their jaws and tooth crowns. Generally, agricultural populations 

exhibit less crown wear, but more cavities (Bums, 1979; Scott, 1991; Larsen, 1997). 

Unworn grooves on crown surfaces increase the probability of plaque accumulation, 

periodontal disease, and cariogenesis (Bums, 1979). Also, sucrose and glucose, simple 

sugars, are largely present in maize and other cereal grains (Hardinge et al., 1965). The 

presence of these cariogenic substances in a main food staple, coupled with reduced dental 

wear, may help explain the high rates of caries in agricultural groups relative to hunter- 

gatherer groups (Larsen, 1997).

Turner (1979) compared the dentitions of selected Mongoloid populations and 

computed frequencies of permanent teeth affected by caries. His research revealed a 

significant increase of caries rates between hunter-gatherer groups and agriculturalists. 

Carious lesions were observed in the dentitions of 1.7% of the foragers; in 4.4% of the 

individuals who practiced a mixed foraging/ agricultural economy; and in 8.6% of the 

agriculturalists. This trend was thought to be related to differences in diet and food
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processing technology over time. Turner suggested that the prevalence of caries could 

indicate whether that population subsisted primarily on a forager or agricultural economy, 

or both. He stated “(Assessing the likelihood of agriculture through oral health is best 

done solely with the caries available, since it has the most direct and strongest relationship 

with amount, kind, nature and adhesiveness of all possible foodstuffs” (Turner 631: 1979). 

Further, he noted that high rates of periodontal disease and caries together are strong 

evidence of a soft-textured and cariogenic diet (Turner, 1979).

Scott (1991) supported Turner’s conclusions. He wrote “...in addition to crown 

wear, certain dental pathologies can be utilized to make inferences about dietary and other 

cultural behavior. Dental caries in particular is useful for addressing dietary differences 

and/ or changes within and among groups...(W)hen the term diet is used in the context of 

caries, specific reference should be to carbohydrate consumption, in particular the 

ingestion of simple sugars (i.e., sucrose, glucose, fructose) which serve as the substrate for 

acidogenic bacteria” (Scott 798, 799: 1991).

In a sum, the introduction of dietary grains had an immense impact on dental 

health in humans. The combination of cariogenic diets and reduced crown wear resulted in 

high rates of dental caries in agricultural societies. Moreover, research has shown that diet 

type may be inferred by the frequency and type of caries present.

Examining the Relationship Between Diet Type and Caries Rates

Numerous studies have shown that frequent consumption of simple sugars,
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especially sucrose, greatly increases caries activity (Gibbons and Van Houte, 1975; Scott, 

1991; Hillson, 1996; Leek, 1972d). Sucrose is easily fermented by bacteria in the mouth. 

Other sugars found in milk, fruit and starches also contribute to tooth decay, but their 

specific effects remain unclear in adults. This problem persists because many modem 

societies consume larger quantities of sucrose than the other sugars, so it is difficult to 

assess the effects of dietary sugars independently (Gibbons and Van Houte, 1975).

The Vipeholm experiment (conducted in Sweden during the 1940s) demonstrated 

that simple sugars, especially sucrose, cause cariogenesis. The study also found a weak 

correlation between starch consumption and caries. Starchy foods are not very cariogenic, 

but can be if the teeth are not cleaned after eating. Foods rich in carbohydrates, like bread 

and pasta, are dense and broken down slowly by bacteria in the mouth. Starch molecules 

do not form into plaque because, initially, they are too large. However, if the food 

particles are trapped in the teeth for an extended period of time, bacteria break the 

starches down into smaller maltose molecules that can become plaque.

Diets consisting mostly of proteins and fats, such as the meat-dependent diets of 

traditional Inuit groups, are associated with very low caries rates (Scott, 1991; Hillson,

1996). The role of protein and fat in the development of dental caries is unclear. Evidence 

suggests that these nutrients are metabolized differently by bacteria in the mouth (Bowen 

and Pearson, 1993). Perhaps the presence of other minerals in meat-rich diets, such as 

calcium, flourine, and phosphorous, strengthens teeth and reduces the likelihood of caries. 

Further research is necessary regarding the relationship between diet and dental health.
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Summary o f Dental Caries

Caries arises from a multitude of causes, including food-processing techniques, 

tooth size and complexity, saliva consistency, enamel condition, and flouride intake 

(Turner, 1979; Scott, 1991; Hillson, 1996). All of these factors should be considered when 

determining the basis of cariogenesis. However, caries is a good marker of overall health 

in humans, as oral health and diet type may be inferred from the rates and types of dental 

caries in a population.

LINEAR ENAMEL HYPOPLASIA

Enamel hypoplasia may be defined as a deficiency in enamel thickness, resulting 

from a disruption in the secretory/ matrix phase of enamel formation (Samat and Schour, 

1941; Pindborg, 1970; Goodman and Armelagos, 1985a, b). The appearance of this defect 

varies from small pits to horizontal grooves across the teeth. The stressors thought to 

cause hypoplastic defects are numerous (Cutress and Suckling (1982) found over 100 

factors associated with enamel defects) and debatable, but appear to be most often linked 

to childhood trauma, disease, and malnutrition (Goodman and Armelagos, 1985;

Goodman and Rose, 1991; Larsen, 1997; Aufderheide and Rodriguez-Martin, 1998). 

Hypoplasias are also useful as chronological markers, because the defects only occur on 

the section of the tooth developing during a period of metabolic stress. The location of a 

defect on the tooth crown may be used to estimate the age of the individual at the time of 

the disturbance (Buikstra and Ubelaker, 1994; Ensor and Irish, 1995, among others).
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Histology o f Enamel Hypoplasia

Although the specific causes of enamel hypoplasia are largely unknown, patterns of 

amelogenesis (the process of enamel formation) are well understood (Jenkins, 1978; 

Goodman and Rose, 1985). Amelogenesis of the primary teeth begins when the fetus is 

three to four months old, and is completed before the teeth erupt. Calcification of the 

secondary, or permanent teeth, begins at approximately birth to six months of age and is 

usually completed by the tenth year (El-Najjar et al., 1978; Larsen, 1997).

Starting at the dentin surface, which will become the cusp tip, enamel-producing 

cells called ameloblasts secrete a protein-rich matrix which gradually mineralizes. This 

process is incremental, meaning that the matrix is deposited in layers. The resulting layers 

are termed perikymata. When viewed in tissue sections, these striae are called lines or 

bands of Retzius (Hillson, 1996; Aufderheide and Rodriguez-Martin, 1998). The 

frequencies of perikymata are greater near the neck of the tooth than the occlusal surface, 

indicating that growth of the tooth slows during formation of the cervical third of the 

crown. Perikymata are not present on deciduous teeth, although a series of shallow ridges 

may be observed in some cases (Boyde, 1970; Hillson, 1996).

The enamel matrix consists of crystallite structures called enamel rods, or prisms.

In transverse section, these prisms appear keyhole-shaped, and extend from the dentin- 

enamel junction to just below the crown surface (Boyde, 1970; Goodman and Rose, 1985; 

Hillson, 1996). Prisms run perpendicular to one another at the cusps and neck of the 

tooth, and otherwise approach the crown surface at approximate 120 degree angles
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(Hillson, 1996). This orientation of crystallites provides much strength and durability, 

enabling teeth to endure the pressures of mechanical loading associated with masticatory 

stress.

There are two main classes of enamel defects: hypoplasias and hypocalcifications 

(Goodman and Rose, 1985; Buikstra and Ubelaker, 1994; Hillson, 1996). Enamel 

hypoplasia refers to defects in enamel thickness, and occurs when amelogenic growth is 

arrested. Hypocalcifications appear as opaque patches on the enamel surface, and are 

thought to be caused by disruptions in enamel maturation (Goodman and Rose, 1985; 

Buikstra and Ubelaker, 1994; Hillson, 1996).

Enamel hypoplasia can occur in the primary or secondary dentition, and is widely 

believed to be indicative of episodic physical or nutritional stress. Dental enamel is 

sensitive to metabolic insults caused by malnutrition and disease. A disturbance at any 

point during enamel development will result in the slowing or complete inaction of 

ameloblastic activity (El-Najjar et al., 1978; Goodman and Rose, 1985; Hillson, 1996).

The cessation of enamel growth results in the shortening of enamel prisms. If enough of 

these structures are affected, bands or pits paralleling the pattern of perikymata may form 

around the circumference of the crown (El-Najjar et al., 1978; Hillson, 1996).

Enamel hypoplasias vary in type, and many attempts have been made at 

classification. Generally, these defects occur in three forms: linear, or “furrow-shaped”; 

pitting; and plane-type defects (Hillson, 1996). Linear type defects are more common than 

other forms, and are termed linear enamel hypoplasia (LEH) (Hillson, 1996).
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Figure 4. Linear Enamel Hypoplasia (Photo in Aufderheide and Rodriguez-Martin 

406: 1998)



Figure 5. Perikymata Lines (Photo in Hillson 162: 1996)



Linear enamel hypoplasia forms when ameloblasts cease matrix production at each 

perikymata groove (Hillson, 1996). Thin grooves are thought to represent acute periods of 

stress, while wide bands may be indicative of continuous or chronic stress (Ensor and 

Irish, 1995). Though hypoplasias are more common in permanent dentitions, acute LEHs 

are occasionally observed in the teeth of infants. These “neonatal lines” are thought to be 

associated with the stress of the birth process (Massler et al., 1941; El-Najjar et al., 1978).

Enamel pits are also thought to represent periods of acute stress (Buikstra and 

Ubelaker, 1994; Ensor and Irish, 1995). Pits occur when “compact clusters” of 

ameloblasts cease matrix secretion, but they are not located at the junction of the 

developing perikymata line. These defects may cover the occlusal surfaces of anterior and 

posterior teeth, or follow the bands of an LEH. The pits may expose discolored, irregular 

incremental lines, showing that the amelogenesis process was interrupted (Hillson, 1996).

Plane type defects appear on the cusp tips of the posterior teeth (premolars and 

molars) and on the incisal edges of the anterior teeth (incisors and canines). These defects 

expose larger areas of discolored striae, and create “irregular sloping facets” on the 

occlusal surfaces of the teeth (Hillson, 1996)

Possible Causes o f Linear Enamel Hypoplasia

There is a clear relationship between enamel formation and hypoplastic defects. 

However, multiple conditions are believed to cause these defects (Samat and Schour,

1941; Cutress and Suckling, 1982; Goodman and Rose, 1985). Probable causes of
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hypoplastic defects may be inferred by diagnostic patterns within and among the teeth. 

Hereditary anomalies, localized trauma, and systemic metabolic stress are three main 

categories of conditions thought to cause enamel hypoplasia (Goodman and Rose, 1985; 

Buikstra and Ubelaker, 1994).

Hypoplasias associated with hereditary anomalies are the rarest and most severe 

(Goodman and Rose, 1985; Buikstra and Ubelaker, 1994). These defects often affect 

entire tooth crowns, and may be present in deciduous and permanent dentitions (Goodman 

and Armelagos, 1985a). Hypoplasias resulting from localized trauma may also be severe, 

but are only present on one tooth or adjacent teeth (Pindborg, 1970; Goodman and 

Armelagos, 1985a). Systemic metabolic stress causes defects on all teeth developing 

during the period of stress. The locations of such defects reflect chronological patterns of 

environmental stressors affecting individuals or populations. Enamel hypoplasias due to 

hereditary anomalies and trauma are relatively rare. In most cases, hypoplasias seen in past 

and modem human dentitions appear to reflect chronological patterns, and are thought to 

result from metabolic stress (Goodman et al.,1984; Goodman and Rose, 1985; Rose et al., 

1985; Scott, 1991; Larsen, 1997).

Numerous experimental studies have addressed the relationship between 

physiological growth disruption and enamel hypoplasia. Kreshover (1960) showed that 

nutritional imbalances caused hypoplastic defects in the incisors of rats and mice. He 

demonstrated that stressors, such as hormonal and nutritional imbalances, fever and 

disease may result in enamel defects, although specific causal conditions would be very
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difficult to diagnose. Kreshover summarized his conclusions, stating: “Ample clinical and 

experimental evidence exists to suggest that developmental tooth defects are generally 

non-specific in nature and can be related to a wide variety of systemic disturbances, any of 

which, depending on their severity and degree of tissue response, might result in defective 

enamel.” (Kreshover 166: 1960, cited by Goodman and Armelagos, 1985b).

In the 1980s, Suckling and colleagues produced hypoplasias on the dentitions of 

sheep, and recorded the stress type and severity of the conditions causing the defects.

They found that the highest frequencies of enamel defects were related to trauma, flouride 

supplementation, and induced parasitism (Suckling, 1980; Suckling and Purdell-Lewis, 

1982a; Suckling and Purdell-Lewis, 1982b; Suckling et al., 1983; Suckling et al., 1986). 

They also noted that wider defects seemed to coincide with more severe parasite loads 

(Suckling et al., 1983).

These studies indicated that metabolic stressors linked to diet and diseases are 

factors in the development of enamel hypoplasias in sheep, rats and mice. Investigators 

examining the prevalence and patterns of hypoplasias in human populations note similar 

trends. These defects are relatively common in living populations suffering dietary 

deficiencies, strongly suggesting that environment and nutritional status affect enamel 

development (Larsen, 1997).

Burton (1895), Black (1904), and Samat and Schour (1941) were among the first 

researchers to conduct studies relating health, diet, and hypoplastic defects in humans. 

Contemporary investigators have expounded upon their findings, and linked occurrence of
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enamel hypoplasia to deficiencies of vitamins A, C, and D (Grahnen and Selander, 1954; 

El-Najjar et al., 1978; Mann and Murphy, 1994). For example, Grahnen and Selander 

(1954) found that individuals who suffer from rickets (a condition caused by lack of 

vitamin D) were much more likely to exhibit enamel hypoplasia than people who did not 

have rickets.

Frequencies of enamel hypoplasia are also significantly higher in individuals who, 

as children, endured severe gastrointestinal disorders, congenital allergies, anemia, drug 

toxicities, parasite loads, low calcium intake, high tetracycline intake, and chronic flourosis 

(Pindborg, 1970; El-Najjar et al., 1978; Goodman and Rose, 1985; Mittler et al., 1992; 

Mills, 1992; Aufderheide and Rodriguez-Martin, 1998). Other research has shown that 

infectious diseases, such as smallpox, rubella, syphilis, and measles, are associated with 

higher incidences of hypoplastic defects (Evans, 1947; Rattner and Meyers, 1962; El- 

Najjar et al., 1978).

Living conditions appear to influence the prevalence of enamel hypoplasia in 

humans. Comparisons among samples may be somewhat problematic due to a lack of 

standardization in methods of diagnosis and sampling procedures, but it is apparent that 

populations from developed countries typically exhibit fewer defects than do populations 

from poorer areas. Additionally, urban populations tend to have lower rates of enamel 

hypoplasias than rural populations (Sweeney et al., 1969; Infante and Gillespie, 1974; 

Cutress and Suckling, 1982; Goodman and Rose, 1985; Goodman et al., 1987).

Two recent studies supporting the relationship among diet, environment, and
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enamel hypoplasia occurrence, were conducted by Goodman et al. (1988). Goodman and 

colleagues examined groups from Mexican communities, and found that poor individuals 

had higher frequencies of hypoplastic defects than did individuals of higher socioeconomic 

status. Later, Goodman et al. (1989) conducted a longitudinal study on two groups of 

adolescents from the Mexican community of Tezonteopan. One group enjoyed a 

nutritionally balanced diet since birth, while the control group did not. The results of the 

study showed that the incidences of enamel hypoplasia were nearly twice as high in the 

control group than in the nutritionally supplemented group. In light of these findings, 

Goodman and Rose (1985) suggested: “(T)his study begins to directly link nutritional 

status to enamel hypoplasia frequency. In terms of sensitivity, we can infer from this study 

that a change from moderate-to-mild nutritional deficiency (the control group) to adequate 

nutrition (the supplemented group) has a significant effect on the frequency of enamel 

hypoplasias” (Goodman and Rose 284: 1985). Based on these studies, Goodman and Rose 

concluded that general physical and nutritional stress, i.e., dietary deficiencies and episodic 

diseases, may be responsible for the occurrence of enamel hypoplasia in humans.

Timing and Distribution o f Enamel Hypoplasia

Hypoplastic defects are most common on the middle third of the teeth, moderate 

on the cervical third, and rare on the occlusal third (Goodman and Armelagos, 1985a, b; 

Larsen, 1997). Goodman and Armelagos (1985b) offered four hypotheses as to why 

hypoplasias tend to peak in the middle third of the tooth. The authors emphasized that
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these explanations are speculative, and may not be mutually exclusive. Other factors may 

well affect the distribution of enamel hypoplasia.

1. The Ameloblast Number Hypothesis. There are fewer ameloblasts on the middle 

third and cervical portion of the crown. This area of reduced ameloblastic activity 

may be more sensitive to metabolic disturbances, and therefore vulnerable to the 

occurrence of hypoplastic defects. However, Goodman and Armelagos (1985b) 

maintained that this hypothesis is problematic, because not all teeth exhibit 

hypoplasias. It does not address the susceptibility of certain teeth to these defects.

2. The Rate of Crown Development Hypothesis. The rate of enamel development 

may actually increase on the middle and cervical portions of the crown. It is 

possible that ameloblasts only produce and secrete enamel matrix for a limited 

period of time. Because the rate of development is relatively rapid, the ameloblasts 

may be quite vulnerable to disruption. However, this hypothesis is flawed because 

it predicts that faster growing teeth, like the incisors, will yield more hypoplastic 

defects than slower growing teeth. For example, canines develop at relatively slow 

rates, and are one of the most hypoplastic tooth classes in the human dentition.

3. The Enamel Prism Direction Hypothesis. Enamel prism directions may affect the 

appearance of a hypoplastic defect. Enamel prisms are perpendicular to the crown
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only at the middle and cervical thirds of a tooth. Metabolic insults may cause these 

structures to shorten, thereby creating visible defects on the tooth’s surface.

4. Marks and Rose (1984) hypothesized that longer prisms located in the middle 

third of a tooth may be more vulnerable to disruption. The appearances of enamel 

defects seem to be more severe in this area of the tooth than the lower or cervical 

thirds, where the prisms are shorter.

Goodman and Armelagos (1985b) cited the latter two explanations as the most 

credible. These theories imply that hypoplasia frequencies result from ameloblastic matrix 

disruption, rather than interrupted growth processes. They are said to be more consistent 

with contemporary data suggesting that amelogenesis is sensitive to a range of metabolic 

insults.

Some teeth appear to be more susceptible to hypoplastic defects than others. Polar 

teeth are the most developmentally stable teeth of their respective classes (Dahlberg,

1945). Polar teeth in human dentitions include the maxillary central incisors, maxillary and 

mandibular canines, first premolars and molars, and mandibular lateral incisors (Dahlberg, 

1945). Studies have shown that polar teeth, especially canines, maxillary central incisors 

and mandibular lateral incisors, are more prone to hypoplastic defects than non-polar teeth 

(El-Najjar et al., 1978; Black, 1979; Cutress and Suckling, 1982; Goodman and 

Armelagos, 1985a, b). Goodman et al. (1980) found that maxillary central incisors and
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mandibular canines consistently exhibit the highest frequencies of enamel hypoplasia, while 

second premolars and second molars typically show the lowest frequencies. Goodman and 

Armelagos (1985b) suggested that: “The best explanation for differences in frequencies of 

hypoplasias by tooth could be based on a consideration of differences in genetic control 

over development. We suggest that the frequencies on hypoplasias by tooth type is 

directly related to developmental stability. Teeth which are most developmentally stable 

will be more susceptible to ameloblastic disruption, whereas teeth which are less 

developmentally stable will be more resistant to ameloblastic disruption” (Goodman and 

Armelagos 489: 1985b). Goodman and Armelagos also mentioned that earlier-developing 

teeth tend to have more defects than later-developing teeth, suggesting that the time of 

crown development partially influences hypoplasia frequency.

Summary o f LEH

There are many causes for enamel hypoplasia, as this pathology appears to be 

linked to heredity, trauma, and combinations of environmental stressors (Cutress and 

Suckling, 1982). More research is needed to determine the specific agents associated with 

the occurrence of enamel hypoplasia in humans. Despite some theoretical problems, 

enamel hypoplasia, used in conjunction with other stress indicators (Goodman and Rose, 

1985b), provides useful information regarding health, diet, and lifestyle of a population.
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POROTIC HYPEROSTOSIS AND CRIBRA ORBITALIA

Normal blood cell function is essential to the sustenance of all living tissues in the 

human body. Bone marrow, the hemopoietic tissue contained within bones, produces 

billions of blood cells daily. If cell production is disturbed, the surrounding skeletal tissue 

is often affected. Symptoms of blood disorders include swollen bones, and more 

commonly, lesions upon the cranial cortex that vary in size and appearance. Cranial 

pathologies caused by blood cell dysfunction include, but are not limited to, porotic 

hyperostosis (PH) and cribra orbitalia (CO). These conditions are thought to stem from 

multiple factors, such as poor diet and sanitary conditions, parasite loads, and disease 

(Angel, 1966a; Ortner and Putschar, 1981; Larsen, 1997; Aufderheide and Rodriguez- 

Martin, 1998).

Causes of hematological disorders are multiple and complex. Acquired and genetic 

forms of anemia are widely believed to be the etiologic cause of hemopoietic stress 

indicators (Stuart-Macadam, 1987b). Acquired anemia arises from a variety of 

environmental conditions, including dietary deficiencies, parasitic infections, and squalid 

living area. Genetic forms of anemia include congenital conditions, like thalassemia, sickle

cell anemia, and familial hemolytic anemia (Angel, 1966a; Carlson et al., 1974; Steinbock, 

1976; Ortner and Putschar, 1981; Steele and Bramblett, 1988; Larsen, 1997; Aufderheide 

and Rodriguez-Martin, 1998; among others). Genetic anemia tends to be population- 

specific. For example, thalassemia is more prevalent in Mediterranean populations, and 

sickle-cell anemia occurs mainly in people of African descent (Larsen, 1997).
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Acquired anemia is a physical response to environmental factors, especially 

nutritional deprivation and disease. Previous research has indicated that this type of 

anemia results from poor iron absorption (see Mensforth et al., 1978; Stuart-Macadam, 

1987b, 1988, 1991; Larsen, 1997; Aufderheide and Rodriguez-Martin, 1998). Iron 

absorption is controlled by the small intestine in a manner which is not fully understood; 

however, the system appears to be efficient and flexible according to need (Hoffbrand and 

Lewis, 1981; Stuart-Macadam, 1988). When the body needs extra iron, more iron is 

absorbed from the diet. Acquired anemia often affects children and females worse than 

males. Women are more prone to iron deficiency anemia than men because of 

menstruation and pregnancy demands. Children are vulnerable to this condition because 

their rapid growth rate can deplete iron stores (Stuart-Macadam, 1988). Lower class 

individuals are more likely to show evidence of iron deficiency anemia than upper class 

individuals, probably because they do not have access to choice foodstuffs (Mensforth et 

al., 1978; Powell, 1988)

Previous research (see Moseley, 1961, 1965; Angel, 1966a; Carlson et al., 1974; 

Mensforth et al., 1978; Stuart-Macadam, 1988; Mittler et al., 1994; Fairgrieves and 

Molto, 2000, among others) has indicated that there is a relationship between hemopoietic 

stress indicators and patterns of child diet, illness, and mortality. Fairgrieves and Molto 

(2000) have shown that weaning diets of animal milk and grain gruels are found in 

association with high frequencies of PH and CO in ancient Egyptian infants. Infants and 

children are especially vulnerable to the physical effects of anemia. Their bones are thin
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and incompletely mineralized, so space for marrow production is limited (Stuart- 

Macadam, 1985). Iron stores retained from birth are rapidly depleted during the child’s 

first three years of life due to their swift growth rate. Because of their increased need for 

iron, PH and CO are more common in infants and children than in adolescents or adults 

(El-Najjar et al., 1978). Breast milk is an ideal food source, as it contains a minimum of 

iron, even if the mother is iron deficient. Breast-fed infants begin post-natal life with 

normal body iron content (Aufderheide and Rodriguez-Martin, 1998). Upon weaning, 

however, it is important that the child’s diet continues to be well-supplemented. The 

combination of poor diet, disease, and weaning practices often results in iron-deficiency 

anemia, and, consequently, the formation of severe skeletal lesions in very young 

individuals (Fairgrieves and Molto, 2000).

Hemopoietic stress indicators normally heal in affected individuals who survive 

into adulthood. Most PH and CO seen in adults are probably indicative of anemia during 

childhood, as the resulting bone lesions have not yet completely remodeled (Stuart- 

Macadam, 1985, 1988). Generally, women tend to exhibit more severe hemopoietic stress 

indicators than men, due to iron depletion from menstruation and reproduction demands 

(Stuart-Macadam, 1985, 1988; Fairgrieves and Molto, 2000).

Discrepancies in PH and CO rates may also occur between elite and lower class 
individuals (Aufderheide and Rodriguez-Martin, 1998). Powell (1988) examined 115

skeletons dated to C. 1050-1550 A.D. from a site in Alabama. She demonstrated that

skeletons representing the lower class individuals showed higher frequencies of CO and
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PH than the elite group, suggesting that higher-ranking individuals had access to choice 

foodstuffs.

Appearances o f Hematological Disorders

The typical skeletal response to different types of anemia is similar, making the 

diagnosis of a specific disorder difficult. Increased production of red blood cells causes 

hypertrophy, or swelling, of the bone marrow and porosity of the exterior cortical bone. 

The skull often exhibits high frequencies of hemopoietic stress indicators relative to other 

bones, because the cortical walls are relatively thin. This does, however, make the skull 

useful for identifying the presence of anemia. The interior cancellous bone, or diploe, 

thickens, while the exterior cortex undergoes resorption. The result is a porous “hair-on- 

end” or “orange-peel” appearance of the ectocranial surface (Moseley, 1965; Nathan and 

Haas, 1966; El-Najjar, 1975; El-Najjar and Robertson, 1976; El-Najjar et al., 1978; 

Stuart-Macadam, 1987a, b; Mann and Murphy, 1994; Aufderheide and Rodriguez-Martin, 

1998). In time, the outer table may be completely destroyed (Nathan and Haas, 1966).

Porotic hyperostosis, cribra orbitalia, and cribra cranii are types of porous lesions 

that occur on the cranium. The nature of the relationship among these lesions remains 

uncertain, although they are often found in association with each other (Steinbock, 1976; 

Ortner and Putschar, 1981; Stuart-Macadam, 1987a, b; Stuart-Macadam, 1989). Lesions 

associated with PH are usually bilaterally symmetrical (Stuart-Macadam, 1988). The 

porosities tend to appear first on the frontal lobe, followed by the parietal and occipital
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lobes, though the parietals are usually the most affected (Hrdlicka, 1914; Caffey, 1937; 

Stuart-Macadam, 1987a). Cribra orbitalia appears on the orbit roofs and also tends to be 

bilaterally symmetrical (Stuart-Macadam, 1988). Cribra cranii is the rarest of these three 

conditions, and may be present on individuals who have suffered severe hematological 

stress. While PH and CO represent destruction of the ectocranial surface, cribra cranii is 

thinning and porosity of the endocranial cortex. Evidence of cribra cranii is usually found 

directly beneath a lesion on the outer surface of the cranium (Stuart-Macadam, 1987a).

Stuart-Macadam (1987a) outlined seven criteria for identifying hemopoietic stress 

indicators, which are outlined in Table 1. Taken singly, these criteria are not diagnostic of 

anemia, but in general, they represent the pattern of bone change indicative of the 

hyperplasia seen in many anemias (Stuart-Macadam, 1987a) These criteria proved very 

useful when applied to the HK43 sample. Previous investigators (Coyle personal 

communication, 2001; Rathbun and Maish, 1997) indicated that the majority of HK43 

individuals did not exhibit evidence of hemolytic stress. Based on past research, the 

present study did not anticipate high rates of PH or CO. However, varying forms of PH 

and CO were observed throughout the sample. Most forms of PH and CO recorded were 

mild, and coincided with Macadam’s first four criteria. Mild porosity, coarse “orange- 

peel” texture, and diploic thickening characterized the crania of many HK43 individuals.
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Figure 6. Cribra Orbitalia (Photo in Aufderheide and Rodriguez-Martin 350: 1998)



Figure 7. Porotic Hyperostosis (Photo in White and Folkens 394: 2000)
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Table 1. Stuart-Macadam’s (1987a) Seven Criteria fo r Identifying Hemolytic Stress.

Hair-on-end trabeculation Affected bony material radiates at a 90-degree angle to 

the bony tables.

Thinning o f the outer table As the marrow expands, the outer cortex undergoes 

resorption.

Texture changes The cranial bones take on a coarse, granular pattern 

(Reynolds, 1962; Stuart-Macadam, 1982)

Diploic thickening Diploe is considered to be abnormally thickened if it 

exceeds 2.3 times the combined width of the inner and 

outer bone tables.

Orbital roof thickening A thickness of more than 3 mm represents abnormal 

thickening of the orbital roof (Stuart-Macadam, 1982).

Orbital rim changes Orbits may look thinned or have a coarse texture.

Sinus heights In severe cases of anemia, marrow hypertrophy can 

retard or inhibit normal sinus development (Caffey, 

1978).

The Relationship Between Hemopoietic Stress Indicators and Health and Diet

Moseley (1961, 1965) was among the first researchers to note severe PH and CO 

in skulls from Peru and the Yucatan peninsula. He believed that these pathologies were 

due to iron deficiency anemia, despite the fact that these groups consumed large quantities



of fish and other iron-rich seafood. How could people who subsisted on iron-rich animal 

products also show severe symptoms of hemolytic stress? This question spurred much 

investigation concerning health, diet and anemia in human populations.

There is a widespread distribution of iron deficiency anemia in prehistoric and 

contemporary coastal groups. Ubelaker (1992a) indicated that parasitism and infectious 

disease can result in high rates of anemia. Coastal regions are typically heavily populated. 

Crowding and reduced hygiene are catalysts for the rapid spread of infectious disease. 

Individuals plagued by poor health (i.e., chronic bacterial infection or diarrhea), often 

become anemic. Walker (1986) also found a high incidence of PH in individuals from a 

Santa Barbara Channel Island where there was an apparently high-protein and iron-rich 

diet. He noted that contaminated water and fish-borne parasites contributed to the high 

pathogen levels in that particular population (Walker, 1986; Stuart-Macadam, 1988)

The hookworm parasite is more likely to be contracted in moist environments. This 

parasite was, and continues to be, a major public health problem in many parts of the 

world, including Equador and Nubia (Carlson et al., 1974; Ubelaker, 1992a). Hookworm 

parasites attach themselves to, and gestate within, the intestinal linings of their hosts. They 

cause internal blood loss and, consequently, anemia and over time. Lowered resistance to 

subsequent infections and other diseases commonly accompanies hookworm infection 

(Carlson et al., 1974). Eng (1958) demonstrated that hookworm infection causes the onset 

of iron deficiency anemia, even when the dietary intake of iron was more than normal.

El-Najjar et al. (1976, 1978) studied two groups of Anasazi Indians. These groups
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occupied two different ecological zones ( “canyon bottoms” and “sage plains”) in Arizona 

and New Mexico. The groups that occupied these zones also employed separate 

subsistence economies. The Canyon Bottoms group consisted of agriculturalists, with 

maize as the main food supply. The Sage Plains group was made up of hunter-gatherers 

who included more animal meat in their diet. Iron was available in the diets of both 

groups, but the Canyon Bottoms group exhibited more incidences of PH and CO. 

Parasitism was ruled out as a causal factor of iron deficiency anemia (there are no known 

reports of hookworm in the prehistoric southwest (Allison et al., 1974), though other less 

harmful parasites may have been present). The investigators then turned their attention to 

subsistence patterns and nutrition.

Iron in vegetables and grains is relatively difficult for the human body to absorb, 

while iron obtained through the consumption of animal meat is readily used by the body in 

hemoglobin synthesis (Martinez-Torres and Layrisse, 1971). Iron is available in most types 

of cereal grain; however, all grains contain phytic acid, which effectively inhibits the 

absorption of any iron traces that are present (El-Najjar et al., 1976). Moreover, food 

preparation techniques may also reduce iron bioavailability (El-Najjar, 1977; Turner, 1979; 

Larsen, 1997; Leek, 1972d). Davidson and Passmore (1969) noted that boiling vegetable 

foodstuffs in water destroys as much as 90% of available folic acid and vitamin B12.

These nutrients, in addition to iron, are necessary for the development of red blood cells.

El-Najjar et al. (1976, 1978) demonstrated that the group which had the grain- 

dependent economy showed more PH and CO lesions than the group which had the more
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varied diet. Iron was present in both diets, but was less available to members of the 

Canyon Bottoms group. They concluded that: “(P)opulations whose dietary staple is iron 

deficient or interferes with iron absorption will have more iron deficiency anemia, more 

hyperplastic marrow response, and more porotic hyperostosis than will those whose diets 

include sufficient animal protein” (El-Najjar et al. 485: 1976).

Summary o f PH and CO

Porotic hyperostosis and cribra orbitalia are diagnostic bone changes characteristic 

of iron-deficiency anemia. Moreover, studies have shown that the presence of PH and CO 

in humans are linked with parasitism, weaning practices, and grain-dependent diets. 

Stuart-Macadam (1985), El-Najjar et al. (1976,1978,1982), and others, maintained that 

these stress indicators are useful for assessing health and nutritional status of past human 

populations, even if the specific causal factors are unknown.

DEGENERATIVE JOINT AND DISK DISEASE

Degenerative joint disease (DJD) is the most common type of pathological lesion 

found in skeletal populations, aside from dental disease (Jurmain, 1980). Osteoarthritis, or 

DJD, is defined as a “noninflammatory, chronic, progressive pathological condition 

characterized by the loss of joint cartilage and subsequent lesions resulting from direct 

interosseous contact within diarthrodial joints” (Aufderheide and Rodriguez-Martin 93: 

1998). This potentially crippling condition has long affected human populations. Extensive
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joint wear has been documented on prehistoric groups like North American southwestern 

Indians and Sadlermiut Inuit (Merbs,1983; Larsen, 1997). Egyptologists Smith and 

Dowson (1924) pronounced DJD as “ the commonest disease... to leave evidence of its

presence in skeletal remains” (citation in Jurmain, 1977).

Research regarding DJD and DDD is an important area of investigation in the 

fields of osteology and paleopathology. Degenerative joint lesions are found in all human 

groups, and examining the pathological changes of articular joints offers much information 

on physical activity (i.e., workloads) of past and modem human populations (Jurmain, 

1990; Larsen, 1997). Presence of DJD and DDD is widely believed to be indicative of 

cultural stress patterns and chronological age. Multiple factors are thought to contribute 

to these conditions.

Appearances o f DJD and DDD

DJD and DDD typically result from physical stress or congenital conditions that 

progressively wear away the cartilage surrounding the joint surfaces. Without the 

protective cartilage pad, the exposed bone surfaces mb directly against each other. 

Callouses containing blood vessels appear on the exposed bone, followed by remodeling 

and new bone formations (osteophytes) on the joint margins. Bones affected by 

degenerative disease commonly exhibit pitting, ebumation (a smooth, polished surface 

resulting from bone-to-bone contact), lipping at the joint margins, and porosity (Slaus, 

2000). Bony spurs, or osteophytes, are often present, as is calcified cartilage. In severe
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cases, ebumation and joint fusion may occur (Slaus, 2000; White and Folkens, 2000).

DJD is most commonly located in the synovial joints (i.e., knees, hips, ankles, feet, 

shoulders, elbows, wrists, hands, and the temporomandibular joints). Degenerative disk 

disease (DDD) affects the vertebrae, and is often found in association with DJD. The 

weight-bearing joints— those of the back and lower extremities—are usually more affected 

than other joints. However, degenerative changes in the shoulders, hands and elbows also 

reflect functional stress (Ortner, 1968; Mann and Murphy, 1994).

Changes also occur in marrow cavities of bones affected by DJD and DDD. 

Trabecular patterns are abnormal, possibly reflecting the effect of stress loading on bones 

(Mann and Murphy, 1994). Radiological features of DJD in living individuals show 

narrowed joint space, the presence of osteophytes (nodules of new bone that form at the 

bone margins), altered bone contour, subchondral bony sclerosis and cysts, cartilage 

calcification, and soft tissue swelling (Dieppe et al., 1986).

Two clinical patterns of DJD have been identified: primary and secondary.

Primary, or idiopathic, DJD has no definite cause but is thought to be age-related. A 

biomechanical theory suggests that primary DJD can be explained as an “aging 

phenomenon where a body gradually loses its ability to maintain joint cartilage” (Mann 

and Murphy 18: 1994). Over the span of an individual’s lifetime, the cartilage becomes 

soft and weak, and the joints become less resistant to loading stress. The affected 

individual may not even be aware of the degenerative process, although symptoms such as 

minor back or joint pain may be present. Secondary DJD is related to stress inflicted upon
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the joints through normal “wear and tear”, such as workload, trauma, congenital 

abnormalities, and other etiologies (Mann and Murphy, 1994). Both patterns of DJD leave 

similar appearances on the skeleton.

Joints tend to be bilaterally affected by DJD, with the exception of the elbow. 

Jurmain (1980) investigated patterns of DJD in the shoulder, elbow, hip, and knee joints of 

approximately 800 skeletons from twentieth century Euro-American, and two prehistoric 

Aboriginal American populations. He found that the right and left shoulder, knee and hip 

joints showed equal lesion severity in the majority of cases. He suggests that the ball-and- 

socket joints located at the hip and shoulder distribute stress more evenly than the other 

joints, and are the least systematically affected over time. The knees appeared to be more 

influenced by systemic wear and chronological age. The joints least likely to be 

symmetrical were the elbows.

Elbows are under functional stress associated with manipulation, which helps 

explain their typical asymmetrical involvement. Differential degenerative changes in the 

elbow are subject to handedness, sex (men are generally physically stronger than women), 

and cultural practices that dictate type and degree of elbow use, such as spear throwing or 

grinding grain (Ortner, 1968). The elbow joints are potentially very useful features for 

interpreting past behavior.

Causal Factors o f DJD and DDD

There are various factors that contribute to the etiology of DJD and DDD,
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Figure 8. Degenerative Disk Disease (Photo in White and Folkens 398: 2000)



Figure 9. Degenerative Joint Disease of the Knee (Photo in White and Folkens 399: 

2000)



including heredity, metabolism, hormones, trauma, nutrition, obesity, age, sex, and 

functional stress (Jurmain, 1980). It is unlikely that any one of these factors is responsible 

for the onset of DJD and DDD; rather, the timing and severity of these conditions may be 

determined by several factors.

Biological age is most strongly associated with DJD and DDD. Biochemical and 

morphological changes in the cartilage accompany aging. The older an individual is, the 

more likely it is that degenerative bone changes are manifested in a pathological state 

(Jurmain, 1977). In a healthy individual, strength and elasticity of bone begins to decline 

sometime during the fourth decade of life. However, age alone does not adequately 

explain the distribution of DJD and DDD. Hard work hastens the appearance and 

progression of DJD and DDD, which helps explain degenerative change occasionally 

observed in subadults (Aufderheide and Rodriguez-Martin, 1998).

Chronic functional stress resulting from a physically demanding lifestyle is a key 

causal factor, as DJD and DDD are more prevalent in individuals who performed hard, 

physical labor throughout their lives. For example, prehistoric Sadlermiut Inuit males 

showed DJD specifically in the clavicular, shoulder, and elbow joints, thought to be 

caused from paddling kayaks (Merbs, 1983). Other research done on athletes, ballet 

dancers, and manual laborers supported the idea that intense, rigorous physical activity is 

linked to the onset and severity of DJD (see Brodelius, 1961; Solonen, 1966; Jurmain,

1972; Croft, Coggon et al. 1992; Croft, Cooper et al.,1992; Forsberg and Nilsson, 1992; 

McKeag, 1992; Cooper et al., 1994; among others).
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However, studies regarding the relationship between functional stress and DJD or 

DDD may be inconsistent and are difficult to interpret. The presence of DJD in a 

particular joint may help indicate an individual’s behavior, but identification of specific 

activities is not always possible. Waldron (1994) noted that a sample of skeletons of 

manual laborers and hand bones from weavers in London showed little or no arthritis. If 

the activities of these people had not been previously known, the investigators would not 

have been able to accurately deduce behavior from the skeletal remains.

It is debatable whether DJD or DDD patterns differ between males and females. 

Many of the studies are dated, and relatively little recent research has been published 

regarding this condition (Derevenski, 2000). Some studies (see Keyes, 1933; Silberg et al., 

1959; Cobb, 1971, Pierce, 1987; Bridges, 1991a) suggested that males are usually more 

affected than females, while other studies show that women are more susceptible to DJD 

and DDD (see Nichols and Richardson, 1909; Stecher,1961; Bennet and Burch, 1966).

Still, other studies concluded that there is no difference between the sexes (see Bietzke, 

1912; Keefer et al., 1934; Bennet et al., 1942; Lallo, 1973; Goodman et al., 1984). Heine 

(1926) and Roberts and Burch (1966) claimed that degenerative disease is more severe in 

males before middle age (54 years according to Roberts and Burch; 60 years according to 

Heine), after which females tend to be more involved (Jurmain, 1977). The perceived 

differences in older males and females are generally thought to be due to changing 

hormone levels and other metabolic factors that differ between the sexes. Postmenopausal 

women lose bone and cartilage mass at a faster rate than do men, with differential
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hormone production as a causal factor (Jurmain, 1977; Aufderheide and Rodriguez- 

Martin, 1998).

Harrison et al. (1953) and Goodfellow and Bullough (1967) showed that poor 

nutrition is frequently associated with degenerative changes in the skeleton. Chronic 

malnutrition causes cartilage to become soft and less resilient to stress. The weight

bearing joints, like the vertebrae and knees, often appear to be more affected relative to 

other joints in malnourished individuals (Jurmain, 1977).

It is uncertain whether obesity contributes to the onset of DJD. Jurmain (1990) 

claimed that correlations between joints affected by DJD and body weight are 

insignificant, except for the knee. However, that correlation is negative. Conversely,

Dixon (1965) suggested that degenerative changes in the knee may be accelerated in 

extremely obese women. Likewise, Larsen (1997) noted that obese women tend to have 

an especially high incidence of knee osteoarthritis. It is debatable as whether or not body 

weight should be considered when determining the cause of DJD in living populations. 

Moreover, this variable is not applicable when examining archaeological specimens.

Heredity and trauma play roles in the development of DJD. Genetically related 

factors include susceptibility to stress, and congenital agents. Fractures on joint surfaces, 

bacterial infection, dislocations, ligament stretching or rupture, and repeated hemorrhages 

all lead to degenerative bone changes (Jurmain, 1977).
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Degenerative Disease Patterns and Sexual Division o f Labor

Merbs (1983), Rodriguez-Martin (1995c), and Deverenski (2000) all suggested 

that sexual division of labor may be inferred from differential degenerative patterns. 

Rodriguez-Martin (1995c) found that DJD patterns differed according to sex in a study of 

aboriginal remains from the Canary Islands. Females exhibited more elbow and shoulder- 

joint lesions, while males showed more DJD of the lower limbs. Rodriguez-Martin 

surmised that these location patterns corresponded with gender-specific subsistence 

activities. Notably, Merbs (1983) observed distinctive patterning of degenerative articular 

pathology in Sadlermiut Inuit skeletons. Degenerative bone changes appeared to match 

ethnographically observed activities. For example, Sadlermiut males tended to show more 

DJD in their upper limbs than did females. Sadlermuit females showed higher rates of DJD 

in the temporomandibular joints. Gender-specific duties, such as paddling kayaks and 

chewing animal hides in order to soften them, were believed to result in different DJD 

patterns between the sexes (Merbs, 1983). Both sexes showed high rates of DDD. Merbs 

(1983) suggested that the vertebrae of males and females alike were under long term 

compressive stress, possibly caused by dog sledding.

Deverenski (2000) examined sex differences in the distribution of degenerative 

changes in the vertebrae of two historic populations from the United Kingdom. Fifty-one 

individuals were from the 16th- 19* century site of Ensay, and 59 individuals were from the 

medieval site of Wharram Percy. Both populations were known to have had a division of 

labor between males and females, as well as known activity-related stresses on the spine.
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Deverenski found that inter- and intra- group differences existed between the two samples. 

Males and females from Ensay exhibited different DDD patterns, and more severe 

incidences of DJD; while Wharram Percy males and females showed similar, more 

moderate, DDD patterns.

The differences between Ensay males and females could be attributed to the fact 

that only females carried creels. A creel is a large, cumbersome basket that is strapped 

around the shoulders and chest, and rests on a pad on the lower back, just above the 

pelvis. Creels were used to transport heavy loads of peat, for fuel, and wet seaweed, for 

fertilizer (Cameron, 1986). These loads often weighed in excess of 80 pounds (Murray, 

1966). Not surprisingly, the vertebrae of Ensay females showed more osteophyte 

development and bone remodeling than those of the men. Both sexes showed significant 

degenerative change, indicating that they were active, hard workers. Ethnographic 

evidence supported this notion, citing that these people lived in a rugged, mountainous 

terrain, and did not often utilize beasts of burden. All activities were done manually.

Gender roles were firmly divided, and there were “severe social penalties” (Deverenski 

335. 2000) for those who did not conform.

Wharram Percy individuals lived on a landscape which allowed the use of oxen and 

other animals for farmwork and transportation. This group appeared to have had less 

limiting gender roles than did the Ensay group. Wharram Percy women often helped their 

husbands out in the field, and the men occasionally tended and milked cows, a job 

traditionally performed by women (Bennett, 1987). The vertebrae of both sexes showed
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moderate remodeling, with men showing slightly more severe degenerative changes. This 

minor difference may be because the men were physically stronger and undertook more 

physically demanding jobs (Deverenski, 2000).

Deverenski suggested that differences in the patterns and prevalence of osseous 

change in the vertebrae reflected specific, activity-related stresses, such as carrying creels, 

as well as gender roles and lifestyle. She also emphasized that without credible 

ethnographic evidence, interpretations of behavior and lifestyle based on skeletal remains 

should be made cautiously.

Summary o f DJD and DDD

Wolffs law of transformation states that “the form of the bone being given, the 

bone elements place or displace themselves in the direction of the functional pressure and 

increase or de crease their mass to reflect the amount of functional pressure” (Wolff 

(1869), cited by Deverenski 337: 2000). While age and chronic functional stress are 

considered primary agents contributing to the onset and severity of DJD and DDD, they 

do not act independently. Jurmain (1977) indicated that degenerative involvement is best 

understood as a multifactoral model, involving age, functional stress, nutrition, heredity, 

sex, weight, and trauma. It is apparent that osseous remodeling at joint margins is a good 

indicator of physical stress in humans, even if specific activities cannot be recognized 

(Jurmain, 1990; White and Folkens, 2000).

51



SUMMARY

Dental caries, linear enamel hypoplasia, porotic hyperostosis, cribra orbitalia, and 

degenerative disease appear to be reliable indicators of nutritional status, diet type, and 

physical well-being in humans. These traits are widely used to evaluate and infer health 

and diet in modem and past populations, even if specific causal agents are unknown. All of 

these traits are best understood in terms of synergistic interactions between factors 

involved in overall health, including diet, disease, and heredity.
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MATERIALS AND METHODS

Data for the present project at HK43 were collected and recorded according to 

conventional osteological methods set forth by Todd and Lyon (1925), McKern and 

Stewart (1957), Trotter and Gleser (1952, 1958), El-Najjar (1975), Ubelaker (1978), the 

Workshop of European Anthropologists (1980), Meindl et al. (1985), Stewart-McAdam 

(1987a), Turner et al. (1991), Buikstra and Ubelaker (1994), Ensor and Irish (1995), Bass 

(1995), Skelton (1998), White and Folkens (2000), and Slaus (2000). Descriptions of 

these methods and their applications are summarized below.

SEX ESTIMATION

Sex was estimated through visual inspection according to criteria described by 

Bass (1995), Skelton (1998), and White and Folkens (2000). Most of the following traits 

are secondary sexual characteristics that the skeleton acquires as a result of puberty. 

Typically, mature skeletons can be sexed with 70-90% accuracy, but it is difficult, if not 

impossible, to confidently assign sex to skeletons of young subadults and children 

(Skelton, 1998). The pelvis and skull are the best areas of the skeleton to use for 

determining sex, because they feature the most sexually diagnostic criteria. Size and 

robusticity of the bones may also aid in sex estimation. The bones of males are generally 

larger in size and more muscle-marked, while those of the females are usually smaller and 

moregracile (Skelton, 1998).

The pelvis is the most sexually dimorphic area in the human skeleton, as the pelvic
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anatomy of females is structured to accommodate birthing (White and Folkens, 2000). 

Characteristics typical of female pelves include: an oval-shaped superior inlet (birth canal), 

absent or slight curvature of the sacrum, broad illiac flare, broad sciatic notch width, 

concave ventral arc of the pubis, subpubic concavity, and a narrow medial aspect of the 

ischiopubic ramus. Males exhibit a narrow, or heart-shaped, superior inlet shape, curvature 

of the sacrum, little illiac flare, narrow sciatic notch width, convex ventral arc of the pubis, 

slight or no subpubic concavity, and a broad medial aspect of the ischiopubic ramus.

Features characteristic of male crania include: presence of superciliary arches 

(brow ridges), sunken nasal root, a square mental eminence (chin) shape, large mastoid 

processes, rounded supra-orbital edges, glabella prominence, nuchal rugosity, a developed 

external occipital protuberance, a gonial angle close to 90 degrees, and overall robusticity. 

Relative to male crania, females typically exhibit: slight or no presence of superciliary 

arches, frontal bossing, a rounded or pointed mental eminence shape, small mastoid 

processes, sharp supra-orbital edges, absent or slight nuchal lines, absent or slight external 

occipital protuberance, and a gonial angle of >125 degrees (Bass, 1995; Skelton, 1998).

Postcranial male features include: a femur head diameter of >47 mm, a humerus 

head diameter of >45 mm, a sternum which exceeds the length of the manubrium by a 2:1 

(or more) ratio, large glenoid fossae of the scapulae, and broad scapulae with horizontal 

trending spinous processes. Postcranial female features include: a femur head diameter of 

<43 mm, a humerus head diameter of <43 mm, a sternum which does not exceed the 

length of the manubrium by a 2:1 ratio, smaller, more shallow glenoid fossae of the
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Male pelvis

Female pelvis

Figure 10. Morphological Differences Between the Male and Female Pelves. 

(Bass 206: 1995)
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Figure 11. Morphological Differences Between the Male and Female Pelves. Note 

Ventral Arc and Subpubic Concavity. (Photo in White and Folkens 310: 2000)
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Figure 12. Examples of Male and Female Adult Skulls in Frontal and Lateral

Views. (Photo in White and Folkens 360: 2000)



scapulae, and smaller triangular scapulae with anteriorly trending spinous processes (Bass, 

1995).

Often, sexually diagnostic characteristics can appear intermediate. Gracile males 

and robust females may overlap, and certainly fall along the continuum of human variation. 

Sex is most accurately estimated when as many features as possible are assessed (Skelton, 

1998). If there is not enough information to make a confident judgement, the sex of the 

individual is simply marked “unknown.” This is often the case with infant, child, subadult, 

and ambiguous, heavily fragmented, or incomplete adult remains.

AGE ESTIMATION

Over the span of a lifetime, an individual’s skeleton undergoes changes associated 

with chronological age. Stages of dental eruption, dental wear, cranial suture closure, 

epiphyseal fusion, and age-associated diseases such as DJD and DDD are all useful for 

estimating age at the time of death. Applying multiple methods of age estimation can 

produce accurate age ranges, and their combined results can yield reliable age at death.

White and Folkens (2000) described seven age classes commonly used to 

categorize human remains: fetal (before birth), infant (0-3 years), child (3-12 years), 

adolescent/ subadult (12-20 years), young adult (20-35 years), middle adult (35-50 years), 

and old adult (50+ years). Absolute aging is difficult, due to skeletal variation and the 

subjective nature of the research. Therefore, it is more practical to segregate human 

osteological remains into broad age classifications.

58



Age was estimated for the HK43 sample using a combination of five methods: (1) 

the Workshop of European Anthropologists’ (1980) technique to determine age from 

epiphyseal closure; (2) Ubelaker’s (1978) method of subadult age estimation through 

dental eruption; (3) the Todd and Lyon (1925) method of ectocranial suture closure; (4) 

The McKern and Stewart (1957) method of estimating age from the basilar suture; and, (5) The 

Meindl et al. (1985) Method of Estimating Age from the Pubic Symphysis. Each of these 

methods are explained below. Figures illustrating these methods accompany their 

descriptions.

The Workshop o f European Anthropologists ’ (1980) Technique to Determine Age from  

Epiphyseal Closure

The Workshop of European Anthropologists’ (1980) technique to determine age 

from epiphyseal closure is basically a list of sequences of epiphyseal fusion for the sternal 

end of the clavicle, and the proximal and distal epiphyses of the humerus, radius, ulna, 

femur, tibia, fibula, and os coxae. The stages of union, which are accompanied by age 

ranges for males and females, are depicted in Table 2 and Figure 13.

Ubelaker’s (1978) Method o f Subadult Age Estimation Through Dental Eruption

Primary and secondary dentitions form and erupt at known times in an individual’s 

life. For example, the incisors are usually the first teeth to erupt, and they appear at 

approximately six to nine months of age. Dental development is usually complete by the
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Table 2. The Workshop o f European Anthropologists’ (1980) Technique to Determine 

Age from Epiphyseal Closure.

60

Unobservable The ends of the bone are missing or eroded.

Open The epiphysis has not fused to the end of the bone

Partial Union The epiphysis is in the process of fusing to the end of a bone. A line 

between the epiphysis and bone is visible.

Complete Union The epiphysis has completely fused to the end of a bone.

M :2224 
F: 21-23 
?: 21-24

M: 14-18 
F: 14-17 
?: 14-18

M: 17-20 
F: 16-19 
?: 16-20

M: 17-19 
F: 15-18 
7:15-19

M/F: 16-22

M: 20-25 
F: 18-22 
7:18-25

M: 20-24

f - p F: 19-21
7:19-24

■RFTBTT
F: 15-19 V fi
7:15-21 u {

M: 21-24 
F: 17-20 
7:17-24

I M/F: 16-20

Figure 13. The Workshop of European Anthropologists’ (1980) Technique to 

Determine Age from Epiphyseal Closure



twenty-first year. Techniques based on the predictability of dental development and 

eruption are reasonably accurate, and are widely used for aging the remains of young 

individuals (Scott, 1991; White and Folkens, 2000). Ubelaker (1978) constructed a chart 

depicting growth stages of deciduous and permanent teeth, and their associated 

chronological age ranges (Figure 14). The data were derived from permanent dental 

development in Native Americans, and deciduous dental development from non-Native 

Americans. Standard deviations accompany the age ranges, enhancing the precision and 

accuracy of this method. This chart stands out as a reliable tool for estimating the age of 

human infant, child, and subadult remains, despite sex and population differences that may 

exist.

Other methods estimating adult age from dentition were not applied to the HK43 

sample. Dental attrition rates may be reliable indicators of age within groups, but they are 

often population-specific (White and Folkens, 2000). Because dental patterns differ among 

populations, there are no standards for estimating age based on degree of wear (Skelton, 

1998). Generally, relatively unworn teeth are thought to be characteristic of younger 

individuals, while severe dental wear and resorption appear to be more characteristic of 

middle and older adults (see Buikstra and Ubelaker, 1994; Bass, 1995; Skelton, 1998).
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Figure 14. Ubelaker’s (1978) Method of Subadult Age Estimation Through Dental 

Eruption



Todd and Lyon's (1925) Method o f Ectocranial Suture Closure

Age estimations from cranial suture closure have been in widespread use for 

centuries, but the accuracy of such methods remains a topic of debate. Suture fusion is 

progressive throughout much of one’s life, and is associated with chronological age. At 

birth, the skull is soft and malleable. Immature cranial bones are connected to one another 

by membranous tissue, or fontanelles, which gradually grow together and form sutures. 

Cranial sutures remain open throughout childhood, and began to close sometime during 

adolescence. In old individuals, sutures may fuse completely and become invisible (Meindl 

et al., 1985; Skelton, 1998).

Todd and Lyon (1925) devised a method for estimating age from ectocranial 

suture closure. Their criteria are outlined in Table 3. Many investigators felt that this and 

similar methods produced inaccurate age estimates, because sutures do not fuse at known 

times. In fact, suture fusion is highly variable from one individual to the next, and may or 

may not reflect actual chronological age. Also, the age ranges suggested by Todd and 

Lyon (1925) were considered too broad, and therefore imprecise. Meindl and Lovejoy 

(1985) reexamined the Todd and Lyon (1925) method, and concluded that it was, indeed, 

a useful technique for measuring age. The relationship between suture closure and age 

remains somewhat uncertain, and really should not be used as the sole determinant of age. 

However, it provides valuable supplemental information when used in conjunction with 

other methods of age estimation.
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Table 3. The Todd and Lyon (1925) Method o f Ectocranial Suture Closure.
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1 Open

2 Commenced

3 Terminated

Table 4. Suture Formation Rates (Todd and Lyon, 1925).

Suture Open Commenced Termination

Sagittal <20 20-29 >30

Coronal <26 26-49 >50

Lambdoidal <26 26-30 >31

Masto-occipital <28 29-31 >31

Spheno-temporal <36 >36 never

The Todd and Lyon (1925) method scores fusion stages of five ectocranial 

sutures: coronal, sagittal, lambdoidal, masto-occipital, and spheno-temporal. Meindl et al. 

(1985) chose five additional suture sites and scored them on a scale of zero (open) to 

three (complete obliteration). Because the two methods are largely similar, and since age 

estimation was not solely based on cranial suture closure, the Todd and Lyon (1925) 

method was applied to the HK43 sample (Figure 15).



Figure 15. Based on the Todd and Lyon (1925) Method of Ectocranial Suture 

Closure. (The Todd and Lyon method scores fusion stages of five ectocranial 

sutures: coronal (5), sagittal (4), Iambdoidal (2), masto-occipital (1) and spheno- 

temporal (10). The Meindl and Lovejoy (1985) method has five additional scoring 

sites.)



Sutures generally commence formation at different rates (Table 4), and 

approximate age ranges may be derived from patterns of suture closure. This method 

worked very well for the HK43 group, because individuals were categorized based on the 

seven broad age ranges described by White and Folkens (2000). The individuals’ ages did 

not need to be absolute, but it was necessary to determine whether they were young, 

middle, or old adults.
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McKern and Stewart ’s (1957)Method ofEstimating Age from the Basilar Suture.

McKern and Stewart (1957) noted that the basilar suture, located at the base of the 

skull posterior to the palatine and anterior to the foramen magnum, is the first cranial 

suture to terminate. According to McKern and Stewart (1957), it fuses by 17-19 years of 

age, and is the only suture that is fairly predictable in terms of closure. If a cranium 

exhibits a commenced basilar suture, it probably represents an adolescent. If the suture is 

terminated, that individual is probably an adult. This method is best applied when 

estimating subadult or young adult age, and should be used along with other methods of 

age estimation.

The Meindl et al. (1985) Method o f Estimating Age from the Pubic Symphysis

The os coxae, or pelvic bones, are useful bones for age estimation, because 

changes that occur in the pubic symphysis during adolescence and adulthood are quite 

distinct (Bass, 1995). The pubic symphysis is located on the anterior portion of the pelvis,



and is the site where the os coxae join. Todd (1920) originally observed that the joint 

surface of the pubic symphysis undergoes a series of fairly predictable changes beginning 

at the onset of puberty until old age. He proposed that there were ten stages of pubic- 

symphysis age ranging from 18-50 + years (Bass 1995). Later, McKern and Stewart 

(1957), Gilbert and McKern (1973), Katz and Suchey (1986) and Meindl et al. (1985) 

implemented similar methods that followed the same precedent established by Todd.

Gilbert and McKern (1973) attempted to assess age based on the female pubic 

symphysis. They described three components, all of which consisted of five stages of 

metamorphosis. However, this method is confusing and unreliable because parturition 

scars can obscure pubic symphyseal change associated with age in females. McKern and 

Stewart (1957) and Katz and Suchey (1986) developed age estimation methods for males, 

but it is uncertain whether these criteria should be applied to females.

Meindl et al. (1985) proposed a simplified version of the Todd method (Figure 

16). Their criteria emerged as useful for aging the HK43 sample for two reasons: (1) it 

does not discriminate between the sexes; and, (2) the provided age ranges were 

compatible with the age classes used to categorize the HK43 individuals. To use the 

Meindl et al. (1985) method, one simply observes a pubic symphysis and compares it to 

the text definition and accompanying photos illustrating each stage of symphyseal change. 

Once a match has been found, an age range may be assigned.
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Table 5. The Meindl et al. (1985) Method o f Estimating Age from the Pubic 

Symphysis.
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<29 years. 

Pre-

epiphyseal

stage

a.<25. Pronounced billowing. Billowing refers to regular elevations 

running transversely across the face of the pubic symphysis. There is 

little or no rampart formation on the ventral side, meaning that the 

margins of the pubic symphysis are indistinct. Beveling and rampart 

formation result in “slopes” that may be seen along the anterior ventral 

margins. These slopes become more defined with age. There is no 

significant difference between the demifaces, or dorsal and ventral 

halves, of the pubic symphysis.

b. 24-29. The ventral margin of the pubic symphysis exhibits some 

beveling. Billowing is greatly reduced and differences in the dorsal and 

ventral demifacets may be present.

30-35 years. 

Active 

Epiphyseal 

Stage

The margin surrounding the symphyseal surface is well-defined. The 

ventral rampart appears to be mostly formed or complete. The 

symphyseal face may be defined by an oval outline (Todd, 1921a, b, c; 

1923; 1930).
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36-40 years.

Immediate

Post-

epiphyseal

Stage.

The texture of the surface changes from grainy to smooth and dense. 

Ventral rampart formation is complete and quite distinct. Some traces 

of billowing may still be present as sulcii beneath the rampart.

40-44 years.

Maturing

Stage.

The symphyseal surface is smooth and dense with no degenerative 

changes. Ramparts are completed and distinct, although there may be 

gaps present along their lengths.

>45 years. 

Degenerative 

Stage

Degenerative changes may be present in the form of osteophytes and 

an elevated “rim” around the margins of the pubic symphysis. Porosity 

and pitting may be present. Females tend to show these changes 

sooner than males, and gracile individuals show these changes sooner 

than robust individuals.
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Figure 16. The Meindl et al. (1985) Method of Age Estimation Based on the Pubic 

Symphysis. (Stages are compared to pictures of model standards of Todd’s (1921a, 

b,c; 1923; 1930) ten typical phases of age in the pubic symphysis (from Krogman, 

1962)).



STATURE ESTIMATION

Pearson (1898) originally published a series of formulae for estimating the living 

stature from dried long bone lengths in humans (Bass, 1995). This early work was among 

the first scientific efforts to estimate living stature, and it instigated further research. 

Krogman (1962), Trotter and Gleser (1952, 1958), and Ubelaker (1978) have since 

developed regression equations that produce height ranges for individuals and populations.

Stature of the HK43 sample was estimated using the Trotter and Gleser method 

(1952, 1958) of regression analysis for American Whites. Trotter and Gleser’s methods 

are considered to be quite reliable, and are widely used (Bass, 1995). The HK43 group 

was considered “Caucasoid” (Bass, 1995; White and Folkens, 2000), meaning that they 

belonged within the same racial category as Europeans. The HK43 individuals exhibited 

classic European features (Figure 17), such as the presence of nasal sills, retreating 

zygomatics, narrow nasal apertures, orthognathism, narrow faces, and narrow high 

bridged noses (see Bass, 1995). Moreover, the dental morphology of other North African 

groups, including ancient Egyptians (Irish, 1993, 1997, 1998a, b), shows numerous 

similarities to European dentitions, suggesting a “strong affinity” to Europeans (Irish 149: 

1998). Unfortunately, there are no existing stature-estimation tables for Predynastic 

Egyptians. The Trotter and Gleser method of regression analysis for American Whites 

appeared to be the most appropriate technique to use, as the HK43 group showed many 

features most similar to those of Europeans.
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Preferably, height estimates are derived from measurements taken from the tibia 

and femur. However, the HK43 burials were often incomplete and these two important 

long bones were not always present together. Instead, all of an individual’s available long 

bones were measured using an osteometric board. Occasionally, the proximal and distal 

ends of the long bones were missing due to deterioration, incomplete epiphyseal closure, 

or damage caused by the excavation process. In some cases, the lengths of the missing 

ends were estimated by the researcher. If the long bones could not be measured due to 

incomplete epiphyseal closure, heavy fragmentation or absence, living stature was simply 

not recorded, although overall robusticity was noted. The resulting measurements were 

then compared to Trotter and Gleser’s stature-estimation table. HK43 height estimates 

derived from long bone length were consistent with measurements previously recorded by 

Rathbun and Maish (1997).

RECORDING POROTIC HYPEROSTOSIS AND CRIBRA ORBIT ALIA

El-Najjar’s (1975) method of identifying and recording hemopoietic stress 

indicators was applied. This method distinguished between PH and CO and assessed the 

severity of each based on visual inspection. It was used in conjunction with Stewart- 

McAdam’s (1987a) criteria for identifying hemopoietic lesions. The lesions’ positions 

(cranium or orbit roof) were recorded and each lesion’s diameter was measured using 

digital calipers accurate to 0.01 mm. Skulls showing lesions greater than 5mm were scored 

as “positive.” The types of lesions are outlined in Table 6. These criteria are consistent
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Figure 17. Skull depicting European, or “Caucasoid” Features (Bass 84: 1995)
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Table 6. El-Najjar 's (1975) Method o f Identifying and Recording Hemopoietic Stress

Indicators.

Type 1 (Porotic) Scattered, isolated, fine apertures.

Type 2 (Cribrotic) Conglomerate of larger but still isolated apertures.

Type 3 (Trabecular) Apertures confluent resulting in the formation of bone 
trabeculae.

with Stuart-Macadam’s scoring system for presence and severity of PH, which is based on 

a revised version of Nathan and Haas’ (1966) scoring system.

RECORDING LINEAR ENAMEL HYPOPLASIA

The Hypoplastic Area Method for scoring LEH (Ensor and Irish, 1995) and the 

Simple Frequency Method, as seen in Standards for Data Collection from Human Skeletal 

Remains (Buikstra and Ubelaker, 1994) were applied. Measurements of the 

hypoplastic lines observed were taken with digital calipers.

Ensor and Irish’s (1995) method distinguished between acute and chronic enamel 

disturbances. Small pits and thin transverse lines 0.5 mm or less in width were assumed to 

represent acute periods of stress, while defects greater than 0.5 mm in width were 

considered to be indicative of continuous, or chronic, stress (Ensor and Irish, 1995). 

Previous studies indicated that polar teeth are more susceptible to hypoplastic defects, so 

only dentitions with a minimum of four polar teeth were scored according to this method. 

Teeth that had more than 1/3 of the crown worn away were not analyzed.



Acute and chronic hypoplasias were scored according to calculated values based 

on crown disturbance. Polar teeth with minimal wear were measured from the crown tip to 

the cementum-enamel junction (CEJ). The resulting measurement was then multiplied by 

0.666 to produce an estimate for two-thirds crown height. If the occlusal surface was 

moderately to heavily worn, the tooth was assumed to be already at two-thirds height. 

Each acute hypoplasia was assigned a value of 0.10 and the values for the chronic 

hypoplasias were the actual widths of the defects. If the polar teeth were antimeres, the 

mean of the pair was entered for analysis. These values were divided by the crown height 

to obtain the Tooth Hypoplastic Area (THA) (Ensor and Irish, 1995). For example, if a 

tooth exhibited one chronic band measuring 2.50 mm in width, the value was entered as 

2.50. The value for the chronic lesion was then divided by the estimate for two-thirds 

crown height. The resulting percentage represented the total area of the tooth affected by 

the defect.

Type and location of hypoplastic defects were also entered in recording forms as 

seen in Standards for Data Collection from Human Skeletal Remains. The Simple 

Frequency method assigns rank order scores for the type of defect. Location of the defect 

was the distance from the CEJ to the most occlusal portion of the defect. All 

measurements were taken using digital calipers.
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RECORDING DENTAL CARIES

Dental caries was scored according to the Arizona State University Dental



Table 7. The Arizona State University Dental Anthropology system (Turner et al., 1991,

after Koritzer, 1979).
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0 No carious activity.

1 Brown lesions and small cavities.

2 Enlarged cavities measuring between 1.5 and 2.5 mm in diameter.

3 A lesion which destroys approximately one quarter of a tooth.

4 A lesion which destroys one quarter or more of a tooth.

Anthropology system (Turner et al., 1991). This method accounted for position of the 

cavity on the tooth crown as well as severity. Nine possible locations of the carious lesions 

on the teeth were recorded: occlusal (Oc), mesial (M), distal (D), buccal (B), mesio- 

occlusal (MO), distal-occlusal (DO), buccal- occlusal (BO) and lingual-occlusal (LO). All 

carious sites were documented. The severity of the lesions was assigned ranked scores 

from 0-4, after Koritzer (1977) (Table 7). Many of the teeth in the HK43 sample 

exhibited pits and discoloration, and were scored cautiously. Good lighting and use of a 

magnifying glass minimized the chance of mistaking non-carious opacities for caries.

RECORDING DEGENERATIVE JOINT AND DISK DISEASE

There are few methods addressing the scoring of DJD and DDD based on visual 

inspection. Previous researchers (see Jurmain, 1980; Deverenski, 2000; Slaus, 2000) 

emphasized arthritic changes either on the vertebrae or the four major synovial joints
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Table 8. Ranked Scores Representing Severity o f Degenerative Disease Observed (Slaus, 

2000).

0 No arthritic changes present

1 Osteophyte development at the joint margins and slight porosity.

2 Moderate lipping at the joint margins and greater porosity.

3 Severe lipping at the joint margins, osteophyte development, pitting, possible 
ebumation of the joint surfaces.

(shoulders, elbows, hips and knees). Slaus’s (2000) method was used for the HK43 

sample, because it could be applied to the four major synovial joints plus the vertebrae 

(Table 8).



HYPOTHESES THAT THIS STUDY TESTED

The subjective scoring methods used in the present study raised the question of 

intra-observer error. To diminish this problem, all skeletons were re-evaluated, via visual 

assessment, by the author before research was completed. No discrepancies were noted.

Quantitative research methods were somewhat limited by the nominal and ordinal 

nature of the observations used. Spearman’s Rho and Pearson’s R correlation coefficients 

were used to determine significance within and between the HK43 groups. These 

statistical tests were appropriate for measuring association between ranked data sets 

(Norusis, 1999; Irish, personal communication, 2001). Groups compared consisted of 

HK43 males and females; and HK43 adults (20+ years) and non-adults. Analysis of 

skeletal stress indicators in relation to age and sex revealed that severity of these 

conditions appeared to be associated with age. The statistical tests were applied, and an 

interpretation of the results follows. Tables illustrating the results may be viewed at the 

end of this chapter.

Stated specifically, the hypotheses to be tested were:

(1) Past studies have shown that males and females in archaeological populations 

tend to show differential rates of skeletal stress indicators. Females generally show a 

higher prevalence of PH and CO, due to reproduction demands and menstruation (El- 

Najjar et al., 1978; Stuart-Macadam 1985, 1987a, b, 1988, 1989; Larsen, 1997; 

Aufderheide and Rodriguez-Martin, 1998; Fairgrieves and Molto, 2000; among others).

For example, Fairgrieves and Molto demonstrated that Egyptian females and children from
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the Dakhleh Oasis site were more likely to be affected by CO than males. Interestingly, 

Mittler et al. (1992) found that more young ancient Nubian males at the site of Kulubartni 

exhibited CO than did the females; however they did not discuss why males were 

seemingly more prone to this condition than females.

Slaus (2000), Turner (1979), and Bums (1979), among others, have demonstrated 

that caries rates in males and females may differ. Bums (1979) suggested that ancient 

Sudanese Nubian females showed slightly higher caries rates than did males, while the 

males showed greater dental attrition. His observations implied that there were 

sociocultural factors responsible for the sexual dimorphism seen in male and female 

dentitions; however, he did not speculate on what these factors might be, citing more 

research was necessary. Generally speaking, sexually dimorphic caries rates imply four 

main concepts: (1) there was differential susceptibility to dental caries in relation to sex;

(2) there was differential access to foodstuffs; (3) there were differential physiological 

insults; and, (4) there were differential cultural behaviors which impacted dental health 

(Slaus, 2000).

Slaus (2000), Deverenski (2000), Merbs (1983), among others, have demonstrated 

that degenerative patterns differ between males and females in particular archaeological 

populations, and that patterns observed appeared to represent sexual division of labor. 

Studies by Pickering (1984), Pierce (1987), Bridges (1992) and Larsen (1997) suggested 

that maize agriculturalists showed more sexual dimorphism, in regard to DJD and DDD 

patterns, than hunter-gatherer groups. Larsen (1997) noted “(T)his suggests a difference
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in behavior leading to degeneration of articular joints in agriculturalists, but not in earlier 

foragers. The change in pattern of sexual dimorphism suggests that there was a 

fundamental shift in the division of labor once agriculture was adopted (and see Bridges, 

1992)” (Larsen 178: 1997). The HK43 individuals were considered agriculturalists 

(Hoffman 1979, 1982; McArdle 1982,1988; 1992; Fahmy 2000, n. d.; Friedman, personal 

communication, 2001), so their skeletons were examined for sexually dimorphic 

degenerative change patterns.

Based on previous research, the present study anticipated higher frequencies of 

PH, CO, and carious lesions on HK43 females than on HK43 males, as well as differential 

degenerative patterns between the sexes. The first null hypothesis to be tested was: there 

is no difference in skeletal stress indicator frequency between HK43 males andfemales.

If differences in rates of skeletal stress indicators were found to exist between HK43 males 

and females, this hypothesis would have to be rejected. However, the alternative 

hypothesis, which suggested that differences in skeletal stress indicator frequency, in fact, 

existed between the HK43 males and females, would support other contemporary findings 

suggesting patterns of differential stress between the sexes in archaeological populations.

(2) Investigators including Moseley (1961), Angel (1966a), Carlson et al. (1974), 

Mensforth et al. (1978), Stuart-Macadam (1988), Mittler et al. (1994), and Fairgrieves 

and Molto (2000), among others, have demonstrated differences in skeletal stress 

indicator rates between adults and nonadults. Specifically, infants, children and subadults 

are typically more affected by hemopoietic and metabolic stress than adults. Chronic or
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episodic malnutrition, and disease affect children more so than adults, given children’s 

rapid growth rates and greater demand for essential nutrients (Carlson et al., 1974; 

Mensforth et al., 1978; Goodman and Armelagos 1985 a, b; Stuart-Macadam, 1988; van 

Gerven et al., 1990; Mittler et al., 1994; Fairgrieves and Molto, 2000; among others). 

Moreover, children’s bones and teeth are in varying stages of development, and are more 

sensitive to environmental insults (El-Najjar et al., 1978; Goodman and Armelagos 1985 a, 

b; Goodman and Rose, 1985; Stuart-Macadam, 1988).

On the other hand, adults are generally more affected by age-dependent conditions, 

such as degenerative disease (Jurmain, 1977, 1980) and poor oral health, including heavy 

dental wear, periodontal disease, and dental abscesses (Bums, 1979; Turner, 1979;

Larsen, 1997; Aufderheide and Rodriguez-Martin, 1998). Investigators including Bums 

(1979), Scott (1991), Hillson (1996), Larsen (1997), and Aufderheide and Rodriguez- 

Martin (1998) noted that dentitions with less dental wear are more prone to cavities than 

dentitions that exhibit more severe wear. In general, children and young adults tend to 

exhibit higher frequencies of carious lesions, given their reduced crown wear, than adults 

who show greater attrition rates. Of course, attrition and caries rates are largely 

population dependant (Skelton, 1998).

Also, while adults tend to be more prone to DJD and DDD than non-adults, there 

is a great deal of worldwide variation in degenerative disease in relation to age (Larsen,

1997). For example, it is fairly common for subadults and young adults from non

industrial populations to express relatively high frequencies of DJD and DDD. Chronic

81



functional stress related to hard work may also be responsible for early onset of 

degenerative disease (Jurmain 1977, 1980; Mann and Murphy, 1994; Aufderheide and 

Rodriguez-Martin, 1998).

Based on previous research, the present study anticipated differences in rates of 

PH, CO, dental caries, degenerative change of the four major synovial joints and 

vertebrae, and individual traits including periodontal disease, and dental abscesses between 

adults and non-adults. The second null hypothesis to be tested was: there is no difference 

in skeletal stress indicator frequency between HK43 adults and non-adults. If differences 

were found to exist between HK43 adults and non-adults, this hypothesis would have to 

be rejected. The alternative hypothesis, which suggested that differences in skeletal stress 

indicators existed, would support other findings that indicated differential stress rates 

between adults and non-adults.

(3) Previous research strongly maintained that the HK43 group was agriculturalist, 

and subsisted primarily upon cereal grains, especially wheat and barley (Hoffman 1979; 

McArdle 1982, 1987, 1992; Gellar, 1992; Mills, 1992; Fahmy, 2000, n. d.; Friedman 

personal communication, 2001). The findings of previous studies at Hierakonpolis, as 

cited above, are consistent with Wendorf s (1979) assertion that the past peoples of Upper 

Egypt were agriculturalists. Wendorf (1979) noted that large quantities of domestic grains, 

especially barley, were present at a site near Aswan, a modem city which lies just south of 

Hierakonpolis.

Patterns of dental wear are thought to reflect diet type, specifically, oblique, or
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“cup-shaped” molar wear may be indicative of an agricultural diet. Smith (1984) 

suggested that “(T)he change from a hunter-gatherer subsistence to a diet based on 

ground grains and food cooked in water should produce a reduction in food toughness, 

fibrousness, and resistence, and thus a reduction in the role of teeth in breakdown of 

foods. The product of this change in food consistency... was a change from flat molar wear 

to a more oblique wear pattern” (Brace, 1962; Smith, 1984). Smith maintained that 

oblique dental wear reflects normal chewing, while flat molar wear, such as that observed 

in prehistoric hominids and hunter-gatherers, reflects “puncture-crushing,” or chopping of 

tough materials with the posterior teeth before commencing to chew the bolus, or wad of 

masticated food (Smith, 1984). The consistency of certain foods affects mandibular 

movement as well. Wider mandibular movement, associated with puncture-crushing and 

the mastication of tough foods, creates even wear across the molar cusps. Oblique molar 

wear may reflect less masticatory stress associated with the consumption of mechanically 

refined foods. Smith (1984) examined dental wear patterns on a group of historic and 

early historic Nubians. She noted that the Nubians had “substantial” caries rates, in 

addition to high rates of dental wear. The patterns of “cup-shaped” dental wear observed 

in the Nubian groups were, however, consistent with those of other agricultural groups, 

including early historic British and Neolithic Europeans. Moreover, Smith hypothesized 

that the sandy environment probably introduced grit into the Nubian diet, and that these 

abrasive particles contributed to extreme dental wear (Smith, 1984).

Based on these studies, the present project investigated biological characteristics
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thought to be consistent with a grain-dependent diet, such as presence of LEH (see Mills, 

1992), PH and CO (see El-Najjar 1977; El-Najjar et. al. 1975, 1976, 1982; Larsen, 1997; 

Aufderheide and Rodriguez-Martin, 1998; Fairgrieves and Molto, 2000, among others), 

relatively high rates of calculus, dental caries, oblique dental wear, and periodontal disease 

(see Bums; 1979; Turner, 1979; Smith, 1984; Scott, 1991; Aufderheide and Rodriguez- 

Martin, 1998), and possible differential degenerative changes between adults and non

adults, as well as between males and females (see Chapman, 1972; Chesterman, 1983; 

Dekker et al.,1992; Larsen, Ruff et al.,1995).

It must be emphasized that, while PH and CO result from iron-deficiency anemia, a 

condition associated with grain-dependent diets (El-Najjar et. al. 1975,1976,1982;

Larsen, 1997; Aufderheide and Rodriguez-Martin, 1998; Fairgrieves and Molto, 2000), 

these stress indicators have also been linked to parasitic infections, especially hookworm 

(Eng, 1958; Carlson et al., 1974; Ubelaker, 1992a; Walker, 1986), poor living conditions, 

and infectious disease (Angel, 1966a; Ortner and Putschar, 1981; Larsen, 1997; 

Aufderheide and Rodriguez-Martin, 1998). While LEH prevalence has been linked to 

tetracycline intake, a material commonly found in molded grain (El-Najjar et al., 1978; 

Goodman and Rose, 1985; Mills, 1992), this trait is also thought to be related to 

numerous factors not directly pertaining to diet, including parasitic infections, disease, and 

impoverished living conditions (see Moseley, 1961, 1965; Angel, 1966a; Carlson et al., 

1974; Mensforth et al., 1978; Stuart-Macadam, 1988; Mittler et al., 1994; Larsen, 1997; 

Fairgrieves and Molto, 2000, among others). Presence of PH, CO, and LEH in a particular
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population certainly does not prove that those individuals subsisted upon a grain- 

dependent diet, but these characteristics have been found in association with agriculturalist 

groups (El-Najjar et. al. 1975, 1976, 1982; Larsen, 1997; Aufderheide and Rodriguez- 

Martin, 1998; Fairgrieves and Molto, 2000).

If the HK43 group did not exhibit relatively high rates of PH, CO, LEH, calculus, 

periodontal disease, dental caries, oblique dental wear, and degenerative disease, current 

ideas regarding health, diet, and lifestyle of HK43 would merit considerable reevaluation. 

For example, such findings would suggest that: the HK43 diet was well-supplemented 

with animal iron and protein (Martinez-Torres and Layrisse, 1971; El-Najjar et al., 1976, 

1978); the HK43 individuals enjoyed sanitary living conditions (Larsen, 1997); the HK43 

individuals did not suffer from episodic or chronic malnutrition, disease, or parasitism- or 

at least these factors were not severe enough to leave scars on their skeletons (see Eng, 

1958; Moseley, 1961, 1965; Angel, 1966a; Carlson et al., 1974; Mensforth et al., 1978; 

Goodman and Armelagos 1985 a, b; Goodman and Rose, 1985; Walker, 1986; Stuart- 

Macadam, 1988; Ubelaker, 1992a; Mittler et al., 1994; Ensor and Irish, 1995; Fairgrieves 

and Molto, 2000, among others). Moreover, such findings would not support previous 

research indicating that the HK43 sample represented an agricultural group whose main 

food staples were wheat and barley.
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RESULTS

Frequency tables illustrating a mortality profile for HK43 are presented in this 

chapter, and include data pertaining to dental caries, linear enamel hypoplasia, porotic 

hyperostosis, cribra orbitalia, degenerative joint and disk disease, stature, and trauma 

relative to age and sex. The overall trend indicated that the characteristics observed are 

age, rather than sex, based. Summaries and implications of the results are presented below.

SEX AND AGE OF HK43

Of the 53 individuals examined, 17 were male, 27 were female, and nine were 

“unknown.” The unknown category included children and subadults whose secondary sex 

characteristics, such as skull and pelvis shape, had not yet developed (Table 9).

Most individuals were young adults between 20- 35 years of age at the time of 

death (17 females, seven males and two unknowns). One infant was between 0-3 years; 

three children were between 3-12 years; five subadult males and nine females were 

between 12- 20 years; and one middle adult female and five males were between 35- 50 

years (see Table 10).

No adults were characterized as “old” (50+ years), although skeletal inventories 

completed by past investigators indicated that four individuals (#10, #17, #74 #147b) may 

have been more than 50 years of age. Three factors, however, suggested more 

conservative age estimates: pubic symphysis shape, DDD severity and suture closure.
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Table 9. H

Frequency Percent Valid Cumulative

Percent Percent
Valid Male 17 32.1 32.1 32.1

Female 27 50.9 50.9 83.0
Unknown 9 17.0 17.0 100.0

Total 53 100.0 100.0

Table 10. HK43 Age

Frequency Percent Valid Cumulative

Percent Percent
0-3 1 1.9 1.9 1.9

3-12 3 5.7 5.7 7.5
12-20 15 28.3 28.3 35.8
20-35 27 50.9 50.9 86.8
35-50 7 13.2 13.2 100.0
Total 53 100.0 100.0
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Table 11. H K

Frequency Percent Valid Cumulative

Percent Percent
Valid 5’> 1 1.9 1.9 1.9

5* 1 -5*4 23 43.4 43.4 45.3
5'5-'5'8 12 22.6 22.6 67.9
5'9-6'0 1 1.9 1.9 69.8

Unobservable 16 30.2 30.2 100.0
Total 53 100.0 100.0

Ectocranial sutures that are largely or fully terminated are characteristic of old 

adults. In all cases, the cranial sutures were largely commenced and only showing 

termination in some areas. The relatively severe, but not crippling, DDD seen on these 

individuals was characteristic of DDD patterns observed in four other adults between 35- 

50 years. Finally, pubic symphysis shape suggested that the individuals were probably 

between 40- 50 years of age.

STATURE OF HK43

The mode stature range for mature females was 5'1- 5*4 (n= 20), and the mode 

range for mature males was 5*5- 5'8 (n= 11) (Trotter and Gleser, 1952, 1958). All 

available long bones were measured to obtain height estimates. These results are 

consistent with measurements taken by Rathbun and Maish (1997), who indicated that the 

average stature for HK43 males was 57 and the average stature for the females was 5*3.



Sixteen individuals were characterized as “unobservable.” This cohort included 

children and subadults with unfused epiphyses, and individuals with incomplete or 

fragmentary long bones whose height could not be accurately estimated. Two outliers 

included a young adult female whose height was approximately 4'11- 5'0 (#40), and a 

young male who measured somewhere between 5'9 and 6'0 (#48).

The above average stature and robusticity of the HK43 skeletons suggested that 

those individuals were healthy, physically active people (Rathbun and Maish, 1997). In 

fact, it was the “muscular nature” of the skeletons (along with the paucity of grave goods) 

that led archaeologists to believe that HK43 was indeed a cemetery for working class 

citizens. (Rathbun and Maish, 1997; Friedman, n. d.). Rathbun and Maish (1997) also 

noted that the hands showed evidence of “extensive muscle use”, and a few herniated 

disks may have been caused by the lifting of heavy objects. Squatting facets were also 

found on most individuals. Evidence of mild DJD on the skeletons of HK43 subadults 

indicated that individuals were introduced to hard work early in life. Males and females 

alike showed skeletal robusticity, DJD and DDD, suggesting that they may have 

performed similar tasks (Rathbun and Maish, 1997).

WEIGHT

No attempt was made to estimate weight ranges for the HK43 sample. Existing 

weight range tables have long been criticized, because they are typically very broad and 

may not be reliable for a particular population (Robbs et al., 2002). Robusticity is another



complicating factor because there is no accepted way of determining whether a particular 

individual is gracile, medium, robust or even obese, based on skeletal appearance (Skelton,

1998).

CARIES RATES AT HK43

Forty-seven individuals had associated dental remains, and 27 individuals exhibited 

one or more teeth with carious lesions. The majority of the lesions were multiple lesion 

Types (1-4) coexisting on the same tooth (n= 16), followed by single Type 1 lesions 

(n= 10). Most of the lesions occurred within the crenulations of the molar crowns, though 

root caries was occasionally seen in middle adults. The distributions of dental caries 

between HK43 males and females were similar. Both sexes exhibited moderate frequencies 

of caries Types 1 and 2, typically located in the molars. This observation suggested that 

HK43 males and females enjoyed a similar diet.

Caries was most common in subadults and young adults who had minimal dental 

wear. Types 1 and 2 were most prevalent, with only three individuals exhibiting Type3 

caries (#28, #71, and #125). In all cases, severe caries was associated with other smaller 

lesions and was placed in the “multiple” category for purposes of statistical analysis.

Middle adults tended to show moderate to severe dental wear, as well as antemortem 

tooth loss and resorption. Carious lesions were largely absent in this age cohort.
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Table 12. H K 43 C aries R a tes in  R e la tio n  to  Age.

91

CARIES Total
Absent Type 1 Type 2 Multiple Unobservable

types
AGE 0-3 1 1

3-12 1 1 1 3
12-20 4 3 1 4 3 15
20-35 8 7 10 2 27
35-50 6 1 7

Total 20 10 1 16 6 53

Table 13. HK43 Caries Rates in Relation to Sex.

CARIES Total
Absent Type 1 Type 2 Multiple Unobservable

types
SEX Male 9 2 4 2 17

Female 7 6 1 10 3 27
Unknown 4 2 2 1 9

Total 20 10 1 16 6 53

f
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Figure 18. Type 3 Root Caries (HK43 Burial, 2001)



Figure 19. Multiple Type 1 Caries (HK43 Burial, 2001)
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Figure 20. Type 3 Crown Caries (HK43 Burial, 2001)



RATES OF LINEAR ENAMEL HYPOPLASIA AT HK43

Linear enamel hypoplasia was observed on 13 of 47 available dentitions. Teeth 

affected by LEH exhibited between one and four hypoplastic lines. However, many of the 

HK43 dentitions were covered by thick calculus deposits, obscuring LEHs that may have 

been present. Three dentitions retained four or more polar teeth (#20, #47, #88). The 

average total hypoplastic area (THA) of these teeth was 8% (Ensor and Irish, 1995).

Linear enamel hypoplasia appeared to be most prevalent among subadults (#9,

#20, #21, #36, #149) and young adults (“Skull D”, #47, #71, #146 and one ambiguously 

labeled skull, called “No# Skull”). Two middle adults (#147a and #18) also showed 

evidence of LEH. Interestingly, four individuals who exhibited LEH also had varying 

degrees of bone curvature (#9, #36, #146, #149). There appeared to be no difference in 

LEH prevalence between the sexes, as five females, five males, and three unknowns 

exhibited this condition.

Most of hypoplastic lines observed were acute. Five individuals exhibited single 

bands representing chronic LEH along with one or more acute lines (#71, #47, #20, #18 

and #21). The multiple LEHs observed may represent episodic or seasonal stress during 

enamel development (Hillson, 1996).

Calculus and Dental Wear

Moderate to severe dental wear was noted in the dentitions of 23 individuals, 

including one child between 3-12 years of age (#46). This characteristic, while recorded,
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Table 14. H K 43 L E H  R a tes in  R e la tio n  to A ge
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LEH Total
Absent Present Unobservable

AGE 0-3 1 1
3-12 1 1 1 3

12-20 8 4 3 15
20-35 19 6 2 27
35-50 5 2 7

Total 34 13 6 53

Table 15. HK43 LEH Rates in Relation to Sex

LEH Total
Absent Present Unobservable

SEX Male 10 5 2 17
Female 19 5 3 27

Unknown 5 3 1 9
Total 34 13 6 53
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Figure 21. Linear Enamel Hypoplasia (HK43 Burial, 2001)



was not scored due to time constraints. The dental wear noted was consistent with 

Smith’s (1984) description of oblique dental wear observed in other agricultural 

populations, including prehistoric and early historic Nubians. Upper Egypt’s sandy 

environment probably introduced grit into the diet, which may have contributed to the 

extreme dental wear observed in the HK43 sample.

Leek (1972d) suggested that early Egyptians ground grain into flour on millstones, 

likely made of limestone which is in great supply throughout the Nile Valley (Leek,

1972d). This idea is supported by ancient Egyptian iconography and statuettes depicting 

people in the act of grinding grains, and the fact that Bedouin women in Egypt continue to 

grind grains in this fashion. Examination of preserved bread fragments from Egypt 

revealed the presence of inorganic material, notably sand, chalk, and pounded mud bricks. 

The sediment could have been introduced to the flour in a number of ways, for example, 

through wind, storage, or the grinding process itself. However, Leek pointed out that it 

was common to mix soil with the grains, because the abrasive particles helped grind grains 

more finely. Leek concluded that “the abrasive particles found in... samples of (Egyptian) 

bread would...account for all the attrition...seen on the teeth in ancient Egyptian skulls” 

(Leek 132: 1972d). Moreover, Leek noted that significant dental wear was present on 

permanent and deciduous dentitions, implying that the causative factor was common to all 

age groups.

Varying degrees of calculus deposition were observed on 36 individuals 

throughout the HK43 sample. Presence and absence of this characteristic were noted, but
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Figure 22. Thick Calculus Deposition (HK43 Burial, 2001)



not scored due to time constraints. Calculus deposition ranged from mild plaque 

accumulations at the cement-enamel junction, where the gum line would have been, to 

thick deposits that obscured the shape of the tooth. Heavy calculus deposits were 

common, and were typically seen on the anterior teeth.

RATES OF HEMOPOIETIC STRESS INDICATORS AT HK43

Evidence of active hemolytic stress observed suggested that three individuals (two 

children and one infant) died while suffering from active anemia. Healing and healed 

lesions show that most individuals survived into adulthood, despite having been affected 

by anemia. Hematological disorders have complex causes, and the etiology of PH and CO 

at HK43 may be attributed to multiple factors. Future parasite studies at HK43 should 

contribute important information regarding the status of health and disease in this group.

A condition known as osteoporotic pitting, or ectocranial porosis, outwardly 

appears to mimic PH, but diploic thickening is generally not associated with this condition 

(Carlson et al.,1974). Osteoporotic pitting is thought to result from the demineralization 

and thinning of bone associated with advanced chronological age (Mann and Murphy,

1994). It is unlikely that the sieve-like holes observed on the HK43 crania and orbits were 

due to osteoporotic pitting. Mann and Murphy (1994) indicated that “(M)any skulls will 

show tiny pits (porosity) of the parietal (most commonly), occipital and frontal 

bone...however, no thickened bone will be present...porotic hyperostosis should only be 

applied to those cranial bones that exhibit both porosis (holes) and thickened (increased)

1 0 0



bone” (Mann and Murphy 22: 1994). Many of the HK43 crania thought to be affected by 

PH exhibited pitting on the outer vaults that was similar to an “orange-peel” texture, 

accompanied by thickened bone. Such cases were identified as healing or healed PH, 

especially since healing or healed orbital lesions were also typically present. El-Najjar’s 

method did not include a category for which to score healed PH and CO lesions. Scores 

were often based on healed or healing lesions, after Stuart-Macadam (1985).

Porotic Hyperostosis

Some previous investigators (Coyle personal communication, 2001; Rathbun and 

Maish, 1997) claimed that most of the individuals in the HK43 sample did not exhibit 

stress indicators reflecting hemopoietic disorders. However, according to criteria 

presented by El-Najjar et al. (1976, 1978) and Stuart-Macadam (1985, 1987a, 1989), it 

appeared that PH and CO, albeit healed or healing in adults, were largely present in this 

sample. These apertures were not confused with osteoporotic pitting or blood vessel 

foramina, as seen concentrated near the sutures, glabellae and mastoid processes.

Forty-one individuals had crania that could be examined for PH. Twenty females, 

thirteen males, and eight individuals of unknown sex exhibited varying forms of this trait. 

Active/ healing PH was observed in three children less than 12 years of age: an infant 

between 0-3 years displayed PH Types 1 and 2 (#39); and two children between 3-12 

years showed Type 1, and Types 1 and 2 (#31 and #21, respectively). Twelve subadults,

19 young adults, and five middle adults showed evidence of healing or healed PH.
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Type 1, the mildest form, was the most prevalent (n= 35), and occasionally co-occurred 

with Type 2 (n =13). Small and finely scattered apertures were observed on the frontal, 

parietal and occipital lobes, and were typically localized near the frontal and parietal 

bosses and sutures. Type 3 lesions were least common (n= 10), and were invariably 

located on the external occipital protuberance. While equally present in both sexes, 

frequency tables suggested that PH was more severe in females and non-adults. Four 

instances of possible cribra cranii were associated with Type 3 lesions. It is uncertain 

whether these localized porosities resulted from hemopoietic stress, or if they should be 

attributed to other causes.

Cribra Orbitalia

Thirty-eight individuals had orbits that could be scored for CO. Evidence of CO 

was observed on 16 females, 12 males and five unknowns. Type 2 lesions were the most 

prevalent (n= 17), followed by Type 1 (n= 4) and Types 1 and 2 concurrent (n= 4). Type 3 

was noted on three individuals. One infant between 0-3 years (#39) and one child between 

3-12 years (#21) showed active Type 1 and Type 2 CO, respectively. Nine subadults, 13 

young adults, and four middle adults all exhibited evidence consistent with CO; although, 

most lesions were very mild and appeared to be healed or healing. Like PH, CO was 

equally present in both sexes, but frequency tables suggested that CO was more likely to 

be severe in females and non-adults.
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Table 16. H K 43 P H  R a tes in  R e la tio n  to  Age.
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AGE Total
0-3 3-12 12-20 20-35 35-50

PH Absent 1 1 2
Type 1 1 7 6 14
Type 2 1 1 2
Type 3 1 1 2

Types 1&2 1 1 4 6 1 13
Types 1&3 1 1 1 3

Types 1,2&3 4 1 5
Unobservable 1 3 7 1 12

Total 1 3 15 27 7 53

Table 17. HK43 PH Rates in Relation to Sex.

[ Absent

SEX
Male

1
Female

1
Unknown

Total

2
Type 1 5 7 2 14
Type 2 1 1 2
Type 3 1 1 2

Types 1&2 3 6 4 13
Types 1&3 1 1 1 3

Types 1,2&3 1 4 5
Unobservable 4 7 1 12

17 27 9 53
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Figure 23. Type 2 Porotic Hyperostosis (HK43 Burial, 2001)
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Figure 24. Type 1 Healed Porotic Hyperostosis. Note Thickened Cranial Fragment 
Exhibits “Orange-Peel” Appearance. (HK43 Burial, 2001)



Table 18. H K 43 CO  R a tes in  R e la tio n  to  A ge.
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CO Total
Absent Type 1 Type 2 Type 3 Types Types Unobservable

1&2 1&3
AGE 0-3 1 1

3-12 1 2 3
12-20 1 1 6 1 1 5 15
20-35 3 2 7 3 1 11 27
35-50 1 3 1 2 7

Total 5 4 17 2 4 1 20 53

Table 19. HK43 CO Rates in Relation to Sex.

CO Total
Absent Type 1 Type Type 3 Types Types Unobservable

2 1&2 1&3
SEX Male 1 1 7 2 1 5 17

Female 4 1 7 3 1 11 27
Unknown 2 3 4 9

Total 5 4 17 2 4 1 20 53



Figure 25. Healed/ Healing Cribra Orbitalia (HK43 Burial, 2001)



Cribra Cranii

A condition resembling cribra cranii was noted in two middle adult males (#10, 

#128), one middle adult female (#147a), and one young adult male (#18). In all cases, this 

condition was associated with Type 3 porosities localized on the external occipital 

protuberance. These lesions may or may not have resulted from hematological disorders.

RATES OF DEGENERATIVE JOINT AND DISK DISEASE AT HK43

Varying forms of DJD were observed in 11 subadults, 19 young adults, and four 

middle adults. Varying forms of DDD were observed in 10 subadults, 15 young adults, 

and five middle adults. Subadults and some young adults thought to have DJD or DDD 

exhibited mild forms of these conditions. Bone remodeling at the joint surfaces was 

evident, but minimal. Most affected young and middle adults showed moderate DJD and 

DDD, characterized by greater porosity, osteophyte development, and other degenerative 

changes. One middle adult male showed evidence of severe DJD (#74), and four middle 

adults (#74, #79, #147a, #147b) appeared to have suffered from severe DDD. In these 

cases, osteophyte development was significant. Bony spurs, ebumation, and porous 

lesions were present on the joint surfaces. These individuals may have suffered from pain 

and limited mobility, but were probably not crippled or immobilized in life. Rathbun and 

Maish (1998) also noted the occasional presence of Schmorl’s nodes, or vertical disk 

hernias, on HK43 adults affected by DDD.

Males and females, adults and non-adults appeared to be equally affected by DJD
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Table 20. HK43 DJD Rates in Relation to Age.

DJDJOINT
Absent Mild Moderate

AGE 0-3 1
3-12 3

12-20 2 10 1
20-35 2 2 18
35-50 3

Total 8 12 22

Severe Unobservable

2
5
3

10

Total

1 
3 

15 
27 

7 
53

Table 21. HK43 DJD Rates in Relation to Sex.

DJDJOINT Total
Absent Mild Moderate Severe Unobservable

SEX Male 5 8 1 3 17
Female 3 6 14 4 27

Unknown 5 1 3 9
Total 8 12 22 1 10 53
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Table 22. HK43 DDD Rates in Relation to Age.

DDD Total
Absent Mild Moderate Severe Unobservable

AGE 0-3 1 1
3-12 3 3

12-20 3 8 2 2 15
20-35 2 1 14 1 9 27
35-50 2 3 2 7

Total 9 9 18 4 13 53

Table 23. HK43 DDD Rates in Relation to Sex.

DDD Total
Absent Mild Moderate Severe Unobservable

SEX Male 4 7 2 4 17
Female 4 4 11 2 6 27

Unknown 5 1 3 9
Total 9 9 18 4 13 53



Figure 26. Moderate Degenerative Joint Disease of Elbow (HK43 Burial, 2001)



Figure 27. Moderate Degenerative Disk Disease (HK43 Burial, 2001)
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Figure 28. Moderate Degenerative Disk Disease (HK43 Burial, 2001)



and DDD. This suggested that males and females may have performed similar tasks, and 

that all individuals, regardless of sex and age, were susceptible to extreme physical stress. 

Presently, a sexual division of labor could not be inferred based on sexually dimorphic 

degenerative patterns. This may be due to small sample size, and the fact that the present 

study did not address the possibility of differential vertebral involvement. Further research 

regarding DJD and DDD at HK43 may yield other results.

INDIVIDUAL TRAITS OBSERVED AT HK43

Many HK43 individuals exhibited particular characteristics that were not scored, 

but were still noted. Other traits observed included dental abscesses, spina bifida occulta, 

trauma, and long bone curvature. These, and other individual traits, were photographed 

and described in the present study, and also in previous studies by Maish (1998) and 

Maish and Friedman (1999). Figures 29-47 depicting many of these traits follow.

Dental Abscesses

Abscessed teeth were present in the dentitions of six individuals: three young adult 

males (#8, #88, #125); two young adult females (#59, #123a) and one middle adult male 

(Skull B)(Figures 29, 30). Dental abscesses appeared to be associated with chronological 

age, as only adults showed evidence of this painful condition.
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Figure 29. Dental Abscess (HK43 Burial, 2001)



Figure 30. Dental Abscess (HK43 Burial, 2001)



Dental Resorption

Antemortem tooth loss may be recognized by alveolar bone resorption, socket 

filling, mesial and distal wear facets on remaining adjacent teeth, mesial drift, spaces, and 

other individual considerations (Turner, 1979). Dental loss and resorption were noted in 

one young adult female (#116), two middle adult females (#79, #128), and three middle 

adult males (#10, #74, #147b). Burial #116 appeared to be closer to the end of the age 

range, based on moderate DJD and DDD expression, and suture and epiphyseal fusion 

(Figure 31).

Dental Opacities

Yellow and brown-colored opacities were observed on dentitions throughout the 

HK43 sample, although not all dentitions showed discolorations. It is unclear whether the 

discolored areas represented forms of enamel hypoplasia, such as hypoplastic pitting or 

hypocalcifications (Buikstra and Ubelaker, 1994). Both are thought to be caused by 

disruptions in enamel maturation (Goodman and Rose, 1985; Hillson, 1996). Moreover, 

enamel pits are thought to represent periods of acute stress (Ensor and Irish, 1995). The 

present study did not closely examine the opacities, due to time constraints. Future 

research on dental traits at HK43 may help determine the etiology of these opacities.
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Figure 31. Extreme Dental Wear and Resorption Observed in a Middle Adult 

(HK43 Burial, 2001)



Periodontal Disease

Periodontal disease was observed in 19 individuals (nine males, nine females, and 

one unknown). This condition, thought to be age- related, was more common in young 

and middle adults (Figure 32). However, three subadults exhibited alveolar resorption and 

root exposure, including a subadult male (#19) whose lower left third molars were not 

present; resorption appeared to have occurred. Other subadults who showed evidence of 

periodontal disease included a female (#9), who also exhibited several other pathologies 

(i.e., bone curvature, LEH, mild PH, CO, and caries), and a male (#36) who showed LEH, 

bone curvature, and thick calculus deposits.

Other Dental Pathologies and Anomalies

Six individuals showed dental traits that were not exhibited by most other 

individuals in the HK43 sample. One middle adult male (#18) showed an impacted right 

lower third molar (Figure 33). One young adult male (#123b) had an upper left 

supernumerary molar which appeared peg-shaped (Figure 34). A child (#46) showed mild- 

moderate dental wear, similar to dental wear observed in young adults (Figure 35). Other 

children observed did not show such extreme wear. A middle adult female (#147a) 

showed a pegged upper right third molar. A middle adult male (#147b) appeared to show 

agenesis of the lower third molars, as these teeth were not present, and there was no 

evidence of resorption.
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Figure 32. Periodontal Disease. Note Alveolar Resorption and Root Exposure. 

(HK43 Burial, 2001)



Figure 33. Impacted Wisdom Tooth (HK43 #18, 2001)



Figure 34. Hyperodontia, or Supernumerary Molar (HK43 #123b, 2001)



*
Figure 35. Moderate Dental Wear Observed on a Child (HK43 #46)



Spina Bifida Occulta

Spina bifida occulta was observed in ten individuals. It is normal for sacrums to 

exhibit a “sacral hiatus”, or incomplete fusion of the neural arches of the lowermost sacral 

elements (Figure 36). This feature was not confused with true spina bifida occulta, which 

may be identified by incomplete neural arch closure of the uppermost sacral elements 

(Legge personal communication, 2002). This condition was evident in four females, five 

males, and one unknown.

Spina bifida occulta is thought to be a congenital occurrence; however, some 

studies suggest that it may also be attributed to a mineral deficiency (Aufderheide and 

Rodriguez-Martin, 1998). Phytic acid, which is abundantly present in grains, inhibits the 

absorption of minerals, namely zinc, iron, and calcium, among others. Past studies have 

suggested that populations with grain-dependent diets may be associated with unusually 

high incidences of spina bifida occulta (Buikstra and Ubelaker, 1994). Other studies 

suggest that males are more prone to spina bifida occulta than females (Aufderheide and 

Rodriguez-Martin 1998). However, statistical tests revealed no significant difference in the 

prevalence of this condition in relation to sex at HK43 (see Table 40 in this chapter).

Trauma

The present study found evidence of perimortem trauma on at least two 

individuals, a middle adult female (#147a), and a middle adult male (#147b). Multiple, 

small cut marks were evident on the cervical vertebrae of both individuals. The cut marks
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Figure 36. Spina Bifida Occulta. Note Incomplete Neural Arch Closure of Upper 

Sacral Elements and Sacral Hiatus. (HK43 Burial, 2001)



were concentrated near the articular surfaces, which suggested beheading around the time 

of death (Figure 37). Why dismemberment occurred is unknown (Maish and Friedman, 

1999; Friedman personal communication, 2001). Maish and Friedman (1999) noted that 

several HK43 individuals appeared to have suffered violent perimortem trauma, including 

at least seven individuals who showed deep cut marks on the hyoid, and other lacerations 

of the throat. A middle adult woman (#120) showed multiple skull fractures, probably 

caused by a blow to the back of the head (Maish, 1998).

Many of these individuals were found with associated grave goods, including mats 

and linens, in addition to having been properly buried in a cemetery. Maish and Friedman 

suggested that these actions suggested respect toward the dead, and that the purpose of 

dismemberment may have been to “neutralize or purify the power of the deceased to 

prevent them from harming the living” (Maish and Friedman 6: 1999). Further, they noted 

that “(A) possible explanation may be found in some of the later religious literature from 

ancient Egypt. In particular, illusions in Egypt’s oldest religious texts, the Pyramid Texts 

of the Old Kingdom (C. 2300 B.C.), suggest that dismemberment was associated with 

purification and the removal of evil” (Maish and Friedman 6: 1999). The “evil” may have 

been a reference to the personal nature of a deceased individual, or a fatal disease (Maish 

and Friedman, 1999).

Single antemortem fractures were seen in a male middle adult (#74), and a male 

young adult (#8). Partial healing had occurred on #74, and callous formation indicated the 

site of the injury. The affected bone was a left tibia shaft, which exhibited a single, closed
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(non-compound) fracture. Possible periostitis was also evident (Figure 38). The tibia was 

not as dense as the other bones, and exhibited a rough, misshapen cortical surface 

(Aufderheide and Rodriguez-Martin, 1998) (Figure 39). The individual in burial #8 also 

showed a healed fracture on the distal tibia. Rathbun and Maish (1997) reported a healed 

injury in an unidentified adult female. Affected bones were an ulna and a radius, which had 

fused together (Rathbun and Maish, 1997).

One child (#39) exhibited a radiating fracture across the frontal lobe of the skull, 

but it was believed to be caused by taphonomic factors, as the entire skull appeared 

discolored and misshapen. A middle adult female (#125) and a middle adult male (#74) 

showed shallow, linear cut marks on the skull vault. No bone remodeling was present to 

indicate healing. The cut marks were not near any articular surfaces, which would have 

suggested dismemberment. It is unclear whether these marks are antemortem, perimortem, 

postmortem, or taphonomic.

Bone Curvature

Two female subadults (#9, #149), and one male subadult (#146) showed deformed 

femora and tibiae (Figures 43,44). Bone curvature of #149 was slight, while bone 

curvature of burial #9 appeared to be the most extreme. Burials #149 and #9 also showed 

abnormally short, misshapen sacrums (Figure 45). One subadult male (#36) showed a 

bowed fibula (Figure 46). Maish (1998) added that another young adult male (#123b) also 

showed “abnormalities of the legs and knees... which would have caused a distinctive gait
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Figure 37. Cut Marks Observed on the Cervical Vertebrae of Burial #147b (Photo 

in Nekhen News. 11: 6.1999)



Figure 38. Possible Periostitis of Tibia (HK43 #74, 2001)



Figure 39. Periostitis of Right Tibia and Left Ulna. Note Bone Malformation and 

Coarse Texture. (Photo in White and Folkens 392: 2000)
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Figure 40. Pitting Above Right Mastoid Process on #128 (HK43 Burial, 2001)
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Figure 42. Another View of Circular Lesions Observed on Endocranium of Burial 

#128 (HK43, 2001)



and/or limp” (Maish 6: 1998). The present study did not note abnormal bone curvature in 

this particular individual. However, a malformed sacrum, similar to sacrums seen in burials 

#9 and #149, was noted in burial #123b. Additionally, #123b showed LEH, similar to 

other individuals with bone curvature. These characteristics support Maish’s claim that 

slight bone curvature may have been also present on this individual.

The shape of the fibula, in particular, appeared similar to bone curvature seen in 

individuals affected by rickets. Lack of exposure to sunlight and malabsorptian of vitamin 

D are the principal causes of rickets (Mann and Murphy, 1994; Aufderheide and 

Rodriguez-Martin, 1998). However, it must be emphasized that lack of sunlight was 

probably not the cause of bone deformation in the HK43 sample, unless these people were 

kept indoors. Congenital conditions, chronic disease, malnutrition, and bacterial infections 

may also result in varying forms of bone curvature (Aufderheide and Rodriguez-Martin,

1998). The cause or causes of bone curvature observed at HK43 are unknown, but 

possible factors may emerge in future research.

Cranial Suture Traits: Mepotism and Craniostenosis

Mepotism refers to the retention of the metopic suture of the frontal bone past the 

normal age of closure (Stuart-Macadam, 1985). This suture is present in newborns, and 

usually fuses during the first two years of life (Brothwell, 1981; Steele and Bramblett,

1988). A child who was nearly a subadult (#21), based on dental eruption and epiphyseal 

closure (Ubelaker, 1978; Workshop of European Anthropologists, 1980).
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Figure 43. Abnormal Femur Curvature Observed on Burial #9 (HK43, 2001)
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Figure 44. Another View of Abnormal Femur Curvature Observed on Burial #9 

(HK43 Burial, 2001)
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Figure 45. Malformed Sacrum Associated with Burial #9 (HK43 Burial, 2001)
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Figure 46. Abnormal Curvature of Fibula (HK43 #36, 2001)



metopic suture (Figure 47). Metopic sutures are occasionally retained until late juvenile or 

even adult ages, and varying expressions of this feature are common among human groups 

(Steele and Bramblett, 1988). However, no other individuals with metopic sutures were 

noted in this study. Interestingly, Reimann et al. (1978) found an association between iron 

deficiency anemia in childhood and the retention of the metopic suture. If this is true, 

perhaps mepotism may be linked to events that occur in childhood that alter the normal 

closure time (Reimann et al., 1978; Stuart-Macadam, 1985).

Maish (1998) noted that a young adult male (#123b) exhibited a rare condition 

called “craniostenosis.” Craniostenosis is characterized by premature suture closure, and 

may be congenital (Aufderheide and Rodriguez-Martin, 1998). As the skull vault attempts 

to accommodate the growing brain, bulges occur, and the cranium assumes an odd, 

malformed appearance (Aufderheide and Rodriguez-Martin, 1998). Maish reported that 

burial #123b exhibited a “triangular-shaped” skull, asymmetry of the orbits, and 

malformation of the mandible. It was unknown whether this condition caused the young 

man’s death, or whether he suffered brain damage (Maish 6: 1998). Interestingly, this 

individual also showed evidence of moderate degenerative joint and disk disease, spina 

bifida occulta, mild PH and CO, and possibly bone curvature.

Other Pathologies

A middle adult female (#128) appeared to have an infection localized near the 

mastoid processes (Figure 40). The area above the right mastoid exhibited pitting and a
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Figure 47. Metopic Suture Observed on Burial #21 (HK43,2001)



endocranium, where the parietal and occipital lobes meet, also showed three small, 

rounded hole-like lesions (Figures 41, 42). These lesions were not typical of hemopoietic 

stress, although cribra cranii and Type 3 PH were also present on this individual. A middle 

adult male (#10) exhibiting Type 3 PH also showed these rounded lesions. The etiology of 

these lesions is presently unknown.

Summary

The HK43 group showed fairly low occurrences of pathology, trauma, and 

anomalies. Some of the observed conditions, including spina bifida occulta, cranial suture 

and dental anomalies, and bone curvature may be congenital (Rodriguez-Martin, 1995b; 

Aufderheide and Rodriguez-Martin, 1998). High frequencies (50% or more of individuals) 

of these traits would have suggested endogamy and biocultural isolation (Ferembach,

1963; Rodriguez-Martin, 1995b). More research is needed to assess these traits’ frequency 

of occurrence at Hierakonpolis, and their etiologies.

Perimortem trauma, due to violent death or antemortem dismemberment, was 

apparent on several HK43 individuals. Perhaps the purpose of antemortem 

dismemberment was to purify the dead and placate evil spirits (Maish and Friedman,

1999). The present study noted antemortem trauma that occurred on the tibiae of two 

adult males.

There were no significant differences in skeletal stress indicator frequencies 

between the sexes; although, frequency tables indicated that PH and CO were more likely
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to be severe in females and nonadults. Also, no significant differences were noted between 

adults and non-adults; although, age-related conditions, like DJD, DDD, periodontal 

disease, dental abscesses, and resorption were more severe in adults. The causes of other 

characteristics, such as the circular hole-like lesions observed in two individuals, and the 

pitting seen on the mastoid process of #128, are unknown. Future pathological research at 

HK43 may provide answers to these questions.

RESULTS OF HYPOTHESES TESTED

Null Hypothesis Number One: Skeletal Stress Indicator Frequencies in Relation to Sex 

The first null hypothesis could not be rejected, as no significant differences 

between HK43 males and females were apparent. The observed traits affected individuals 

regardless of sex. It may be hypothesized that both sexes were equally susceptible to 

physiological insults, that both sexes shared similar workloads and diets, and that there 

were no differential cultural behaviors which impacted overall health (Slaus, 2000).

Null Hypothesis Number Two: Skeletal Stress Indicator Frequencies in Relation to Age 

The second null hypothesis could not be rejected, as no significant differences 

between HK43 adults and non-adults were apparent. The observed traits appeared to 

affect individuals regardless of age. However, frequency tables indicated that some 

conditions increased in severity relative to advanced chronological age.

According to frequency tables, rates of periodontal disease, dental caries, dental
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wear, and LEH increased in severity along with chronological age. Linear enamel 

hypoplasia, porotic hyperostosis, and cribra orbitalia typically affected individuals as 

children; however, no significant differences were observed between HK43 adults and 

non-adults regarding these conditions. Porotic hyperostosis and cribra orbitalia were 

present in both groups, but the lesions were healed/ healing in the adults, and active/ 

healing in three children less than 12 years of age. Linear enamel hypoplasia does not 

develop in adults. Rather, it affects the primary and secondary dentitions that develop in 

utero and during childhood (Hillson, 1996). Adults who exhibited this stress indicator 

signified that they may have encountered bouts of physical or nutritional stress as children 

(Ensor and Irish, 1995; Goodman and Armelagos 1985a, b). Based on frequency tables, it 

may be argued that dental traits and degenerative changes (i.e., DJD, DDD, dental caries, 

dental wear, dental abscesses, periodontal disease) were present in both groups, but their 

severity was greater in adults than in non-adults.

Hypothesis 3: Was the HK43 Group Agriculturalist?

The prevalence of CO, PH, LEH, dental caries, and general oral health, supported 

previous research indicating that the HK43 sample represented an agriculturalist group. 

Turner (1979) noted that high rates of periodontal disease and caries, both of which were 

common throughout the HK43 sample, along with oblique molar wear, strongly indicate 

an agricultural diet. However, these observations also supported research conducted by 

Carlson et al. (1974), Hillson (1979), van Gerven et al. (1990), Mittler et al. (1992) and



Fairgrieves and Molto (2000), who suggested that ancient Egyptian and Nubian groups 

suffered from iron deficiency anemia, probably due to bouts of parasitism, infectious 

disease, and malnutrition associated with a grainOdependent diet. These studies are 

described in greater detail in Chapter 6.

In a sum, the results of the present research suggested HK43 males and females 

were equally affected by skeletal stress indicators, implying that there was no difference in 

metabolic or hemopoietic insults, diet, or physical labor between the sexes. Age dependent 

conditions, such as DJD, dental abscesses, dental resorption, dental wear, and periodontal 

disease were also more severe in the adults; however, these pathologies, albeit mild, were 

also occasionally noted in subadults and young adults. Thick calculus deposits, moderate 

rates of dental caries and periodontal disease together, and prevalence of CO and PH 

supported the idea that the HK43 group had a grain-dependent, carbohydrate-rich diet.

A table depicting skeletal stress indicators observed, as well as age, stature, and 

sex of each HK43 burial examined is presented at the end of this chapter. Tables depicting 

the Spearman’s and Pearson’s R correlation coefficients follow. These statistical tests 

show that there was no significant difference in skeletal stress indicator frequency between 

HK43 males and females, adults and non-adults.
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Table 24. Table Depicting Sex, Age, Stature, PH, CO, Dental Caries, and LEH Observed 

at HK42.
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Burial # Sex Age Stature PH
Type(s)

CO
Type(s)

Caries
Type(s)

LEH

8 M 20-35 5'5-5'8 1 unobserv 0 0

39 ? 0-3 ? 1&2 1 0 0

31 ? 3-12 ? 1 unobserv unobserv unobserv

19 M 12-20 5'l-5'4 1&2 2 0 0

199 F 20-35 5'5-5'8 unobserv unobserv 0 0

68 F 12-20 5'l-5'4 1 0 2 0

125 F 20-35 ? 1 2 multiple 0

28 F 20-35 5'l-5'4 1 1&2 multiple 0

82 F 12-20 5'l-5'4 1 unobserv 0 0

133 F 20-35 ? 1&2 2 unobserv unobserv

9 F 12-20 5'l-5'4 1&3 unobserv multiple present

20 ? 12-20 ? 1 1 1 0

105 F 20-35 5'l-5'4 unobserv unobserv multiple 0

40 F 12-20 4'9-5'0 unobserv unobserv unobserv unobserv

46 ? 3-12 ? unobserv unobserv multiple 0

32 M 20-35 5'5-5'8 1 1 0 0

55 F 12-20 5'5-5'8 1&2 2 multiple 0

42 F 20-35 5'l-5'4 1,2, &3 1&3 multiple 0

119 M 20-35 5' 1-5*4 1&3 2 multiple 0

97 M 12-20 5'5-5'8 1 3 multiple 0
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91 F 12-20 5'l-5'4 1 2 multiple 0

123a M 20-35 5'5-5'8 1&2 0 0 0

123b M 20-35 5'5-5'8 1 1&2 1 0

120 F 20-35 5'l-5'4 1&2 1&2 1 0

llOx F 20-35 5'l-5'4 1, 2 & 3 unobserv 1 0

117x M 20-35 ? unobserv unobserv unobserv unobserv

59 F 20-35 5'l-5'4 1&2 0 multiple 0

84 F 20-35 5'5-5'8 unobserv 0 multiple 0

116 F 20-35 5'l-5'4 1&2 2 0 0

36 M 12-20 5'5-5'8 1 2 1 present

79 F 20-35 5'l-5'4 unobserv unobserv 1 0

48 M 12-20 5'9-6'0 1&2 unobserv unobserv unobserv

71 F 20-35 5'l-5'4 unobserv unobserv multiple present

26 F 12-20 5'l-5'4 1&2 unobserv unobserv unobserv

128 M 20-35 5'l-5'4 1 unobserv 0 0

Skull D ? 20-35 ? 2 unobserv multiple present

Skull A F 12-20 ? 1 2 0 0

Skull B M 35-50 ? 0 2 0 0

147a F 35-50 5'l-5'4 3 0 0 0

147b M 35-50 5'5-5'8 unobserv unobserv 0 present

74 M 35-50 5'5-5'8 1&2 2 0 0

99 F 20-35 5'l-5'4 0 unobserv 1 0

149 F 12-20 5'l-5'4 unobserv unobserv 1 present

47 F 20-35 5'1-5*4 1,2,&3 1 1 present

20 ? 12-20 ? 1&2 2 0 present
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18 M 35-50 5'5-5'8 2 3 multiple present

NoUSkull 1 20-35 ? 1,2,&3 2 0 present

21 ? 3-12 ? 1&2 2 0 present

10 M 35-50 ? 1, 2, &3 2 0 0

25 ? 20-35 ? - 1&2 2 1 0

17 ? 35-50 ? 1&3 unobserv 0 0

88 M 20-35 5'5-5'8 3 2 multiple present

146 M 20-35 5'l-5'4 unobserv unobserv 0 present



Table 25. Table Depicting HK43 DJD, DDD, Periodontal Disease, Spina Bifida Occulta, 

Trauma, Dental Abscesses, and Bone Curvature. In the Cases o f Periodontal Disease 

(PerioDs), Spina Bifida Occulta (SpBfOc), Trauma (Trauma), Dental Abscesses 

(Abscess), and Bone Curvature (BoneCr), One (1) Indicates Presence o f a Characteristic, 

and Zero (0) Indicates Absence o f a Characteristic.
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Burial # DJD

Type

DDD

Type

PerioDs SpBfOc Trauma Abscess BoneCr

8 2 2 1 1 1 1 0

39 0 0 0 0 0 0 0

31 0 0 0 0 0 0 0

19 1 1 1 0 0 1 0

199 1 2 0 0 0 0 0

68 unobserv 2 0 0 0 0 0

125 2 2 1 0 0 0 0

28 2 2 0 0 0 0 0

82 1 1 unobserv 1 0 unobserv 0

133 unobserv unobserv 1 1 0 0 0

9 2 1 1 1 0 0 1

20 1 1 0 1 0 0 0

105 2 2 0 0 0 0 0

40 1 1 0 1 0 0 0

46 0 0 0 0 0 0 0

32 2 2 1 0 0 0 0
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55 1 1 0 0 0 0 0

42 2 2 1 0 0 0 0

119 2 2 0 0 0 0 0

97 1 1 0 0 0 0 0

91 1 2 0 0 0 0 0

123a 1 2 1 0 0 1 ? (see

Maish,

1998)

123b 2 unobserv 0 1 0 0 1

120 2 unobserv 0 0 0 0 0

llOx 2 2 0 0 0 0 0

117x unobserv unobserv 1 unobserv 0 0 0

59 2 unobserv 1 0 0 1 0

84 2 2 0 0 0 0 0

116 2 2 1 0 0 0 0

36 1 9 1 0 0 0 1

79 2 3 1 0 0 0 0

48 1 1 unobserv 0 0 0 0

71 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0

128 2 2 1 0 0 0 0

Skull D unobserv unobserv 1 unobserv 0 0 unobserv

Skull A unobserv unobserv 0 unobserv 0 0 unobserv

Skull B unobserv unobserv 0 unobserv 0 1 unobserv

147a 2 3 0 0 1 0 0



147b 2 3 1 1 1 0 0

74 3 3 0 0 1 0 0

99 2 unobserv 0 0 0 0 0

149 1 0 unobserv 0 0 0 1

47 0 0 0 1 0 0 0

20 0 0 0 0 0 0 0

18 2 2 1 0 0 0 0
NoUSkuU unobserv unobserv 1 0 0 0 0

21 0 0 0 0 0 0 0

10 unobserv unobserv 1 0 0 0 0

25 unobserv unobserv 0 0 0 0 0

17 unobserv unobserv 0 0 0 0 0

88 2 2 0 1 0 1 0

146 2 2 unobserv 1 0 0 1



Table 26. Pearson and Spearman Correlation Coefficients Regarding HK43 Age and 

Dental Caries Rates. No Significant Differences in Caries Frequencies are Apparent 

Between Adults and Non-Adults.
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CARIES Total
absent Type 1 Type 2 multiple unobservable

types
AGE2 >20 13 7 11 2 33

<20 7 3 1 5 4 20
Total 20 10 1 16 6 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R .139 .140 .999 .323

by

Interval
Ordinal by Spearman .108 .140 .776 .442

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



LEH Rates. No Significant Differences in LEH Frequencies are Apparent Between Adults 

and Non-Adults.
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Table 27. P earson  a n d  Spearm an C orrela tion  C o effic ien ts A ge a n d

LEH Total
absent present unobservable 

AGE2 >20 24 7 2 33
<20 10 6 4 20

Total 34 13 6 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R .233 .137 1.709 .094

by

Interval
Ordinal by Spearman .249 .137 1.835 .072

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



Rates. No Significant Differences in PH Frequencies are Apparent Between Adults and 

Non-Adults.
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Table 28. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R egard ing  H K 43 A ge a n d  P H

PH
absent Type Type Type Types Types Types unobservable

1 2 3 1&2 1&3 1,2&3
AGE2 >20 2 6 2 2 7 2 5 7

<20 8 6 1 5
Total 2 14 2 2 13 3 5 12

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.080 .138 -.577 .567

by

Interval
Ordinal by Spearman -.077 .139 -.550 .584

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



Rates. No Significant Differences in CO Frequencies are Apparent Between Adults and 

Non-Adults.
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Table 29. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R eg a rd in g  H K 43 A g e  a n d  C O

CO Total
absent Type 1 Type 2 Type 3 Types Types unobservable

1&2 1&3
AGE2 >20 4 2 10 1 3 1 12 33

<20 1 2 7 1 1 8 20
Total 5 4 17 2 4 1 20 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R .028 .137 .200 .842

by

Interval
Ordinal by Spearman .027 .136 .190 .850

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



Table 30. Pearson and Spearman Correlation Coefficients Regarding HK43 Age and 

DDD Rates. No Significant Differences in DDD Frequencies are Apparent Between 

Adults and Non-Adults, Although the Severity o f this Condition Appears to Worsen With 

Age.
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DDD Total
absent mild moderate severe unobservable

AGE2 >20 2 16 4 11 33
<20 7 9 2 2 20

Total 9 9 18 4 13 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.401 .111 -3.130 .003

by

Interval
Ordinal by Spearman -.605 .108 -5.425 .000

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



DJD Rates. No Significant Differences in DJD Frequencies are Apparent Between Adults 

and Non-Adults, Although the Severity of this Condition Appears to Worsen With Age.
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Table 31. P earson  a n d  Spearm an C orrela tion  C o effic ien ts A ge a n d

DJD Total
absent mild moderate severe unobservable

AGE2 >20 2 2 20 1 8 33
<20 6 10 2 2 20

Total 8 12 22 1 10 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.307 .119 -2.304 .025

by

Interval
Ordinal by Spearman -.556 .118 -4.774 .000

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.
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Table 32. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R egard ing  H K 43 Sex a n d

D en ta l C aries R ates. N o  S ig n ifica n t D ifferen ces in  C aries F requencies are A pparen t

B etw een M a les a n d  F em ales.

CARIES Total
absent Type 1 Type 2 multiple unobservable

types
SEX male 9 2 4 2 17

female 7 6 1 10 3 27
unknown 4 2 2 1 9

Total 20 10 1 16 6 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R .027 .141 .195 .846

by

Interval
Ordinal by Spearman .077 .145 .551 .584

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



LEH Rates. No Significant Differences in LEH Frequencies are Apparent Between Males 

and Females.
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Table 33. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R egard ing  H K 43 S ex  a n d

LEH Total
absent present unobservable 

SEX male 10 5 2 17
female 19 5 3 27

unknown 5 3 1 9
Total 34 13 6 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.009 .137 -.062 .950

by

Interval
Ordinal by Spearman -.017 .141 -.119 .906

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



Rates. No Significant Differences in PH Frequencies are Apparent Between Males and 

Females.
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Table 34. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R eg a rd in g  H K 43 Sex a n d  P H

PH
absent Type 1 Type 2 Type 3 Types Types Types unobservable

1&2 1&3 1,2&3
SEX male 1 5 1 1 3 1 1 4

female 1 7 1 6 1 4 7
unknown 2 1 4 1 1

Total 2 14 2 2 13 3 5 12

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.002 .128 -.014 .989

by

Interval
Ordinal by Spearman .030 .132 .212 .833

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis.

c Based on normal approximation.



Rates. No Significant Differences in CO Frequencies are Apparent Between Males and 

Females.
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Table 35. P earson  a n d  Spearm an C orrela tion  C o effic ien ts Sex a n d  CO

CO Total
absent Type 1 Type 2 Type 3 Types Types unobservable

1&2 1&3
SEX male 1 1 7 2 1 5 17

female 4 1 7 3 1 11 27
unknown 2 3 4 9

Total 5 4 17 2 4 1 20 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R .085 .135 .612 .543

by

Interval
Ordinal by Spearman .040 .134 .284 .777

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis.

c Based on normal approximation.



DDD Rates. No Significant Differences in DDD Frequencies are Apparent Between 

Males and Females.
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Table 36. P earson  a n d  Spearm an C orrela tion  Sex  a n d

DDD Total
absent mild moderate severe unobservable

SEX male 4 7 2 4 17
female 4 4 11 2 6 27

unknown 5 1 3 9
Total 9 9 18 4 13 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.047 .150 -.337 .738

by
Interval

Ordinal by Spearman -.213 .150 -1.560 .125

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.
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Table 37. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R egard ing  H K 43 Sex  a n d

D JD  R ates. N o  S ig n ifica n t D ifferen ces in  D JD  F requencies are A pparen t B etw een  M a les

a n d  F em ales.

DJD Total
absent mild moderate severe unobservable

SEX male 5 8 1 3 17
female 3 6 14 4 27

unknown 5 1 3 9
Total 8 12 22 1 10 53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.005 .159 -.033 .974

by

Interval
Ordinal by Spearman -.212 .156 -1.546 .128

Ordinal Correlation
N of 53

Valid

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.
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Table 38. P earson  a n d  Spearm an C orrela tion  C oeffic ien ts R egard ing  H K 43 Sex a n d

Sp ina  B ifid a  O cculta  R ates. N o  S ig n ifica n t D ifferen ces in  S p in a  B ifid a  O ccu lta

F requencies are A p p a ren t B etw een M a les a n d  Fem ales.

SEX

Total

male
female

unknown

SPBFOC
absent present

11
22
8

41

5
5
1

11

9
1

Total

17
27
9

53

Symmetric Measures

Value Asymp. Approx. Approx.

Std. Error T Sig.
Interval Pearson's R -.218 .076 -1.596 .117

by

Interval
Ordinal by Spearman -.222 .132 -1.627 .110

Ordinal Correlation 
N of

Valid

53

Cases
a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis,

c Based on normal approximation.



DISCUSSION

Health and physical well-being of humans may be interpreted archaeologically 

through skeletal stress indicators. However, there are two complicating factors to be 

considered when attempting to elucidate overall health based on such characteristics:

1. All skeletal stress indicators have certain conditions and stimuli for 

formation and remodeling. Stress indicators may develop in response to 

multiple biological situations rather than resulting from singular causes. 

Also, even if a particular stress indicator’s presence has been shown to 

correlate to poor health in modem groups (see Goodman and Rose, 1985; 

Goodman et al., 1991), interpretations of stresses seen in prehistoric 

groups should be made more cautiously. Normal variations may be 

mistaken for pathological conditions (Robb et al., 2001).

2. The Osteological Paradox (Wood et al., 1992) presents itself when a 

population which loses many members due to disease or warfare appears to 

be fairly healthy skeletally. Also, individuals who live to be old adults tend 

to show more stress indicators than those who died while young. Age and 

paleopathological condition must be jointly considered when assessing the 

overall health of a population. Moreover, skeletal indicators do not 

necessarily signify cause of death (Robb et al., 2001).
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A generalized, all-encompassing interpretation of biological status tends to 

alleviate these factors and present a more realistic view of the past population in question. 

Simple assertions of cause-and-effect are not useful in such a broad context (Robb et al., 

2001). The following discussion attempts to: (1) elucidate population comparisons and 

possible causal agents through analogy, based on contemporary biological anthropological 

research conducted by Carlson et al. (1974), Turner (1979), Hillson (1979), Mittler et al. 

(1992), Mills (1992), Slaus (2000), and Fairgrieves and Molto (2000); (2) address 

demographics and possible sample bias, and; (3) address the Osteological Paradox, which 

is evident since the majority of HK43 individuals appeared healthy skeletally.

CONTEMPORARY STUDIES ABOUT DIET, HEALTH AND LIFESTYLE OF 

ARCHAEOLOGICAL POPULATIONS

While there is much published literature regarding the archaeology of Predynastic 

Egypt, studies addressing health and nutrition of Predynastic Egyptian populations are 

relatively rare. The Hierakonpolis Expedition publishes the Nekhen News, which is an 

annual newsletter containing the results of archaeological and biological research 

conducted at Hierakonpolis. The information contained in these volumes has been 

invaluable for shaping the present study. Fortunately, there is a fair amount of published 

research focusing on the paleonutrition of other North African groups, including ancient 

Egyptians and Nubians (see Carlson et al., 1974; Bums, 1979; Hillson, 1979; van Gerven, 

1990; Mittler et al., 1992; Fairgrieves and Molto, 2000). Studies focusing on non-North
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African archaeological populations (i.e., Turner, 1979; Slaus, 2000), are cited in this 

thesis, as they pertain to the paleonutrition and physical health of agricultural groups.

Dental Health and Diet Type

Turner’s (1979) study of Jomon dentitions from central Japan (C. 1000 B.C.) 

suggested that oral health may be linked to diet type. Turner found that the agricultural 

groups tended to show higher frequencies of carious teeth, and that molars had 

significantly more cavities than other tooth classes. He noted that “...high rates of 

periodontal disease and caries together speak fairly strongly for a soft textured and 

cariogenic diet” (Turner 624: 1979). He also found no difference between the sexes, 

although he hypothesized that, given larger sample sizes, interesting differences could 

emerge.

The HK43 sample showed some similarities relating to Turner’s description of 

Jomon agriculturalists. The HK43 group also had high frequencies of caries, especially in 

the molars, and 19 individuals showed evidence of periodontal disease. Likewise, there 

was no significant difference in caries frequencies between HK43 males and females. It is 

unclear whether the Jomon samples exhibited calculus deposits. Calculus is also indicative 

of a carbohydrate-rich diet (Aufderheide and Rodriguez-Martin, 1998), and was largely 

present in the HK43 group.

Turner surmised “(F)rom the viewpoint of hygiene, it is apparent that Jomon 

health was very poor. This is in keeping with the agricultural hypothesis” (Turner 624:
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1979). However, most of the carious lesions recorded at HK43 were mild and, overall, the 

HK43 individuals appeared to be in good oral health. Starchy foodstuffs on their own do 

not necessarily cause high frequencies of carious lesions (Turner, 1979; Hillson, 1996). It 

is possible that the HK43 individuals enjoyed a more abrasive and less cariogenic diet than 

the Jomon people, though both were agricultural groups. Leek (1972d) noted that carious 

lesions are rarely observed in ancient Egyptian skulls, as “gross” attrition is typically noted 

in all age groups, which reduces the likelihood of caries development (Leek 126: 1972d).

Possible Causes of Metabolic and Hemopoietic Stress Indicators in Egyptian and Nubian 

Populations

Much of the literature regarding overall health in archaeological North African 

populations addresses LEH prevalence and hemopoietic stress. Fairgrieves and Molto 

(2000) reported that human skeletal remains from the Dakhleh Oasis in Egypt’s Western 

desert (located approximately 400 kilometers northwest of Hierakonpolis) showed a high 

prevalence of CO. The groups studied represented agriculturalists, dating to the Pre- 

Roman and Roman periods, respectively. Like the HK43 sample, the quality of 

preservation of the Dakhleh Oasis individuals was excellent.

Fairgrieves and Molto’s sample consisted of 153 pre-Roman period individuals and 

296 Roman period individuals. They found that instances of active CO were much higher 

in infants, children, and subadults than adults; however, healing and healed lesions were 

observed in 80% of the total number of adults. Fairgrieves and Molto also demonstrated
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that there was no relationship among sex of an individual, severity, and occurrence of CO. 

Occurrence of PH was not addressed in this study, although other areas from Egypt and 

Sudan have yielded skeletal remains with variable rates of PH (Fairgrieves and Molto, 

2000). Fairgrieves and Molto suggested that possible sources of anemic stress included 

weaning practices, gastrointestinal disorders, and malnutrition (namely folic acid, vitamin 

C, and iron deficiency). The etiology of CO, in the case of the Dakhleh Oasis groups, is 

“complex and multifactorial, involving the synergistic effects of malnutrition and infection” 

(Fairgrieves and Molto 328: 2000).

Carlson et al. (1974) noted high frequencies of mild CO in ancient Nubian remains. 

They concluded that genetic anemias, such as sickle cell anemia or thalassemia, probably 

did not contribute to the high rates of CO observed. Rather, an environmental theory 

seemed more likely (Carlson et al. (1974). The investigators pointed out that the diet of 

Nubian populations has not changed much in the past 3,000 years. Carlson et al. (1974) 

proposed that the ancient Nubian diet consisted of cereal grains, beans, dates, and seasonal 

vegetables. Animals such as cattle, sheep and goats were used to a limited degree (Adams, 

1968). If true, than their diet was very similar to that of the Predynastic Egyptians of 

Hierakonpolis.

Like ancient Egyptian infants (Fairgrieves and Molto, 2000), ancient Nubian 

infants were likely weaned on grain gruels (Carlson et al. 1974). Weaning is often 

accompanied by diarrhea, as infants are unaccustomed to digesting any food besides their 

mother’s milk (Scrimshaw, 1964; Behar, 1968; Stini, 1971). An iron-deficient weaning
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diet, accompanied by diarrhea, is thought to have contributed to high rates of hemopoietic 

stress indicators in infants, as well as infant mortality (Carlson et al. 1974). Other factors, 

including parasitic and bacterial infections, and multiparity in females, are thought to have 

increased rates of iron deficiency anemia in that particular population. Hookworm 

infection is common in contemporary Nubia, and was likely a problem in the past as well 

(Carlson et al. 1974). Carlson et al. (1974) concluded that “(C)onsideration of biological 

(physiological), environmental, and cultural variables leaves little doubt that cribra 

orbitalia in the Nubian remains resulted from iron deficiency anemia...the condition, 

though chronic, was likely not to be severe” (Carlson et al. 409: 1974).

Mittler et al. (1992) examined the prevalence of LEH and CO in a Medieval 

agriculturalist group from ancient Nubia. The authors suggested that chronic parasitic 

infections and infectious diseases were common causes of sickness, although specific 

diseases and parasites were not identified. Similar to the HK43 sample, the Kulubartni 

sample showed high frequencies of CO, and moderate instances of LEH. Mittler et al. 

(1992) showed that CO and LEH were often associated with infant, child, and subadult 

mortality. It is uncertain whether this was also the case at HK43, because so few young 

individuals were available for study. However, three out of four HK43 individuals less 

than 12 years of age showed active PH and CO, with one child (#21) also exhibiting LEH. 

Mittler et al. also noted that LEH and CO tended to affect Kulubartni males more than 

females. HK43 males and females appeared to be equally affected, although observation 

may be biased due to the HK43 sample’s small size.
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Finally, Mittler et al. indicated that the causal factors resulting in high frequencies 

of CO in the Kulubartni groups could not be distinguished. Malnutrition, parasitic 

infections, and bouts of infectious diseases were all considered likely agents. Mittler and 

van Gerven (1994) also examined CO occurrence in the Kulubartni groups, and concluded 

that the low bioavailability of iron in a grain-dependent diet compounded with parasitic 

infections probably resulted in iron deficiency anemia, and the high prevalence of CO.

Mittler et al. (1992) suggested that a complex combination of episodic malnutrition 

and disease may explain the prevalence of hemopoietic stress indicators and LEH observed 

in the Kulubartni individuals. They hypothesized that “(W)hile a number of stress factors 

including poor nutrition may underlie the appearance of hypoplasias in the Kulubartni 

population, it is also likely that bouts of infectious disease played an important role” 

(Mittler et al. 144: 1992). Likewise, Hillson (1979) suggested that the high frequency of 

enamel defects in prehistoric Egyptian and Nubian populations was probably linked to 

impoverished living conditions, and chronic nutritional and disease stress.

Mills (1992) offered another theory regarding the prevalence of LEH at HK43. 

Predynastic grain storage practices and grain processing may have encouraged the growth 

of microbes, such as Streptomycetes. These organisms, which produce tetracycline, live 

naturally in the alkaline soils and dry climates typical of Egypt and Nubia (Mills, 1992).

The presence of tetracycline in the diet is thought to be linked to higher LEH frequencies 

in Nubian populations (Mills, 1992). Tetracycline reacts with calcium to form a 

tetracycline-calcium orthophosphate complex (Pindborg, 1970). Among the effects of
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tetracycline intake is the disruption of enamel formation in individuals with developing 

dentitions (El-Najjar et al., 1978).

Mills hypothesized that the “mud bins” used for grain storage in Hierakonpolis 

may have been conducive to grain spoilage and, consequently, the emergence of 

Streptomycetes. These microbes can be beneficial or deleterious, as they are capable of 

producing antibodies, toxins, and chronic illness (Waksman, 1967). Therefore, their 

dietary presence may “play a very prominent role in patterning the health and demography 

of populations reliant on grains so easily subject to infestation” (Mills 30: 1992).

Mills examined three data sets for evidence of tetracycline deposits: physical 

remains of human and faunal bones, and grains. He found that traces of tetracycline 

existed in phytoliths from four localities: HK11, HK14, HK29 and HK24a. However, 

further studies are necessary to assess post-depositional Streptomycetes infestations and 

charred grain samples.

Analysis of bones and teeth offer more useful information, as tetracycline can only 

be deposited on actively mineralizing surfaces, and its traces survive over long periods of 

time (Bassett et al., 1980; Keith and Armelagos, 1988). Large samples of human and 

faunal bones representing different time periods and localities have been collected, and are 

awaiting analysis. Hopefully, future studies will reexamine this topic, as it has the potential 

to reveal important information regarding intra-population health patterns across age, sex 

and social divisions. Moreover, tetracycline patterning in the skeletal samples should help 

address the biological consequences of a grain dependent diet (Mills, 1992).
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The HK43 group employed a similar subsistence economy, and lived in an area 

proximal to the Kulubartni and Dakhleh Oasis groups. Despite temporal and sample size 

differences, it is apparent that skeletal stress indicators reflecting anemia and episodic 

stress were largely present in all of these groups. The patterns of CO and LEH among 

these groups also appeared to be similar. It may be hypothesized that the agents 

responsible for metabolic and hemopoietic stress indicators at the Dakhleh Oasis and 

Kulubartni may have also impacted overall health at HK43. Mills’ (1992) hypothesis 

regarding tetracycline intake and LEH prevalence at HK43 must not be ignored; however, 

bone analysis investigating the presence of tetracycline has yet been conducted at HK43.

Physical Stress

It is apparent that the HK43 group represented an agricultural group with a grain- 

dependent diet (Hoffinan, 1979; Fahmy 2000, n. d.; Friedman, personal communication). 

Results of past studies (see Pickering, 1984; Pierce, 1987; Bridges, 1992; Larsen, 1997, 

Deverenski, 2000; Slaus, 2000; among others) of degenerative disease in agricultural 

groups indicated that differences between the sexes in relation to degenerative changes 

were typical due to a sexual division of labor. However, no significant differences in DJD 

and DDD occurrence were observed between HK43 males and females. It is possible that 

a larger sample size would have revealed differences between the sexes. The fact that no 

differential degenerative patterns were observed does not disprove the idea that the HK43 

individuals represent an agriculturalist group. Rather, this observation suggested that both
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sexes were hard workers, and that a sexual division of labor simply may not be inferred 

from the skeletal remains at this time.

None of the individuals in the present study showed a complete set of vertebrae, 

though enough elements were present to compare different regions of the spine. Due to 

time restrictions, differential vertebral involvement was not closely investigated. However, 

this area of investigation merits consideration. It is apparent that there are interesting 

avenues of study regarding the status of degenerative disease at HK43.

Demographic Representation and Sample Size at HK43

The higher proportion of females relative to males, and adults relative to infants 

and children, suggested that the HK43 sample may not have been representative of the 

population from which it was derived. There are several possible explanations for this.

First, the sample size itself is rather small. If more individuals were examined, it is likely 

that more males, infants, and children would have been accounted for. Also, burial 

practices may have differed for males and females, adults and children/ infants. For 

example, the section of the HK43 cemetery so far excavated may have been where the 

females were buried, and further excavation will reveal more of the males’ graves. 

Differential preservation of adult and infant remains is probably not an issue. Upper 

Egypt’s arid climate and sandy soils tend to preserve organic materials very well. Even 

delicate items, like tree bark and ostrich feathers, have been recovered in excellent 

condition at Hierakonpolis (Friedman personal communication, 2001). It is likely that a
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larger sample size would have balanced the proportions between the sex and age groups in 

the present study.

Slaus (2000) noted that: “(S)ex differences in mortality profiles are frequently seen 

in archaeological populations. These differences often follow the same pattern with 

females exhibiting higher frequencies of deaths, relative to males, during late adolescent 

and early adult years. Peak female mortality is typically present in this age interval, and the 

percentage of female deaths remains uniformly higher than that of males up to the early 

30s. Such differences have been recorded in skeletal populations around the world...” 

(Slaus 194: 2000). High rates of female mortality are often accompanied by high rates of 

neonatal mortality, suggesting peaks in the deaths of these age groups are related to risks 

caused by complications of pregnancy and childbirth. Unfortunately, potentially fatal 

factors such as toxemia, hemorrhage and hypertensive disorders do not leave marks on the 

skeleton (Slaus, 2000).

Complications due to pregnancy and childbirth may have contributed to the 

mortality of HK43 young females. However, the present study revealed no presence of 

associated fetal remains with the adult burials. This may be due to lack of documentation, 

or differences in adult and fetal mortuary practices. This problem deserves further 

investigation. Carlson et. al. (1974) also noted high mortality rates among ancient Nubian 

females during their childbearing years. They theorized that a variety of factors, including 

multiparity and iron deficiency anemia, compromised female health. It is also likely that 

repeated periods of pregnancy and lactation compromised the health of women over time,
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making them more susceptible to infectious diseases and other agents. Comparative 

analyses of mortality distributions through time, and across different geographical regions, 

are necessary in order to determine the role of maternal depletion, and other factors 

influencing differential male/ female mortality profiles (Slaus, 2000).

The Osteological Paradox

The Osteological Paradox was evident in the HK43 sample. Skeletally, the 

majority of individuals represented a fairly young and healthy population. How they died 

remains a mystery. Indicators indicative of trauma were largely absent, so it is highly 

unlikely that these people died as a result of warfare. Metabolic and hemopoietic stress 

indicators observed were mostly mild, so it is doubtful that chronic diseases and starvation 

were specific causal factors.

One theory is that an unknown epidemic swept through the population, killing 

affected individuals before skeletal stress indicators could be formed (Friedman personal 

communication, 2001). The HK43 burial pattern seemed to support this notion. Many of 

the graves appeared to have been dug simultaneously, and multiple burials were found in 

close proximity on a similar level (Rathbun and Maish, 1997). The type of epidemic which 

could have killed many people so quickly is unknown. Malaria is present in this region and 

should be considered as a potential factor regarding mortality (Fairgrieves and Molto, 

2000). Fairgrieves and Molto (2000) cited Hrdlicka’s (1912) position concerning malaria 

at the Dakhleh Oasis. Hrdlicka (1912) apparently did not feel that malaria was a major
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factor in this region, as he reported that “Malaria is not very frequent, except in the date 

season (September-October) when there are extraordinary numbers of flies and 

mosquitos” (Hrdlicka 8: 1912).

Fortunately, the arid climate of Upper Egypt is conducive to the excellent 

preservation of foodstuffs, tissue, skin, hair, nails, and bone (McArdle, 1992; Mills, 1992; 

Rathbun and Maish, 1997). These samples will invaluably aid future research regarding 

diet, disease, and mortality at Hierakonpolis.
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CONCLUSION

Based on these studies, and research conducted by Carlson et al. (1974), El-Najjar 

(1977), El-Najjar et al. (1975, 1976, 1982), Hillson (1979), Turner (1979), Smith (1984), 

van Gerven et al. (1990), Mittler et al. (1992), Fairgrieves and Molto (2000), and Slaus 

(2000), among others, this thesis proposes that the prevalence of PH and CO observed on 

the HK43 group was due to iron deficiency anemia, resulting from a grain-dependent diet, 

possibly compounded by episodic parasitic infections and infectious diseases. Specific 

parasites and diseases are unknown, although liver flukes, malaria, and hookworm have 

been suggested as possible agents (Mittler et al., 1992; Fairgrieves and Molto, 2000; 

Friedman personal communication, 2001).

Further research is necessary to determine the causal factors that resulted in the 

prevalence of LEH in the HK43 sample. This thesis hypothesizes that the LEH patterns 

observed at HK43 may have been caused by episodic and chronic stress (Ensor and Irish, 

1995), possibly due to impoverished living environment, parasitic infections, infectious 

disease, malnutrition, and possibly tetracycline intake (after Hillson, 1979; Mittler et al., 

1992.; Mills, 1992).

The prevalence of dental caries, PH, CO, periodontal disease, oblique dental wear, 

and calculus deposition supported the idea that the working class Hierakonpolitans 

subsisted upon a grain dependent diet. Even though sexually dimorphic degenerative 

patterns were not seen in the present study, it was apparent that both sexes were hard 

workers who endured extreme physical stress throughout their lives.
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Most of the skeletal stress indicators observed in the present study were either 

infrequent or mild. Characteristics such as DJD, DDD, dental abscesses, caries, dental 

wear and resorption, and periodontal disease appeared to increase in frequency and 

severity according to chronological age. Linear enamel hypoplasia, porotic hyperostosis, 

and cribra orbitalia appeared to have affected individuals as children, judging from 

hypoplastic defects and numerous instances of healed hemopoietic lesions seen on adults. 

Overall, the skeletal remains from HK43 represented a healthy, active population.

Biological and pathological information collected at the HK43 local contributes to 

a growing data base for future research regarding Predynastic Egyptian health. The 

excellent preservation of human, plant and animal remains, as well as the increasing 

number of human skeletons available for study, affords many opportunities for important 

anthropological analyses at Hierakonpolis. Larger sample sizes may reveal further 

information regarding age and sex in relation to rates of skeletal stress indicators. Ideally, 

a more comprehensive mortality profile could be constructed and then compared to the 

mortality profiles of other archaeological populations from different time periods, as well 

as different parts of the world (i.e., Bronze and Early Iron Age proto-Lycian populations 

from Karatas, Turkey (Angel, 1966b), Medieval Nubians (Mittler et al., 1992), Pre-Roman 

and Roman era Egyptian populations (Fairgrieves and Molto, 2000), prehistoric Arakara 

(Owsley and Bass, 1979) and Middle Woodland Hopewellian (Bakely, 1971) populations 

from North America, the medieval Halimba cemetery sample from Hungary (Acsadi and 

Nemeskeri, 1970), and medieval Croatian cemetery samples (Slaus, 2000), among others).
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It would be worthwhile to compare rates of skeletal stress indicators between the 

HK43 and HK6 cemeteries. The HK6 burials represent Hierakonpolis’ elite inhabitants, as 

is evidenced by grave goods and associated iconography (Adams, 1998, 1999). Past 

studies (Powell, 1988; Aufderheide and Rodriguez-Martin, 1998) have shown that status 

differences in some populations may be derived from skeletal stress indicators. Elite 

individuals often have preferential access to food, and do not participate in hard labor. 

Therefore, they generally exhibit fewer skeletal stress indicators than working class 

individuals. A similar trend can be observed in modem industrial and nonindustrial 

populations (Goodman and Rose, 1985; Goodman et al.,1988; Larsen,1997). It would be 

interesting to learn what differences, if any, exist between Hierakonpolis’ elite and 

working classes, and compare the results to similar studies.

There are promising research avenues concerning other traits seen on the HK43 

individuals. Tetracycline analysis of human and faunal skeletal remains could provide clues 

concerning LEH prevalence and overall health at HK43. Patterns of DJD and DDD are 

interesting areas of study, as past research (Merbs, 1983; Deverenski, 2000, Slaus, 2000; 

among others) has shown that degenerative changes are often associated with age, sex and 

cultural activities, including sexual division of labor. Environmental and congenital agents 

responsible for the occurrence of spina bifida occulta and bone curvature also merit further 

investigation.

Finally, the most important question is this: what caused the deaths of these 

seemingly healthy, robust people? More research is needed to address fatal agents, such as
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infectious diseases and parasites that may have affected this population.

There is limited information concerning the biological anthropology of Predynastic 

Egyptians. Examination of the HK43 sample provides an excellent opportunity to address 

questions regarding diet, health, disease, lifestyle, and mortality in Predynastic Egypt. The 

present study, and further anthropological research at Hierakonpolis, will contribute to an 

important knowledge basis regarding how these ancient people lived, and died.
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This appendix contains the recording forms used to score data observed. Scoring 

systems are based on methods set forth by Todd and Lyon (1925), McKern and Stewart 

(1957), Trotter and Gleser (1952, 1958), El-Najjar (1975), Ubelaker (1978), the 

Workshop of European Anthropologists (1980), Meindl et al. (1985), Stewart-McAdam 

(1987a), Turner et al. (1991), Buikstra and Ubelaker (1994), Ensor and Irish (1995), Bass 

(1995), Skelton (1998), White and Folkens (2000), and Slaus (2000). A standard form for 

assessing and recording sex is also included.
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Site Name/ Number_____
Date__________________
Burial/ Skeleton Number: 
Observer

L Sex Estimation M F ?

n. Age Estimation Inf ant=1 Young child~2 Juvenile-3 Adolescent=4 Young 
Adult= 5 Mature Adult=6Old Adult—7

Suture Closure open commenced 
Epiphyseal Closure 1 2 3
Dental Eruption 1 2  3

Sex Estimate 
Age Estimate

Comments:

III. Stature Estimation from Long Bones

Bone

a) Humerus
b) Ulna
c) Radius
d) Femur
e) Tibia
f) Fibula

Estimated height_ 
Estimated weight

Comments (robusticity, etc.):

Figure 48. Recording Form Used to Assess and Score Skeletal Stress Indicators 
Observed at HK43

Length in cm 
R

closed
4 5 6 7
4 5 6 7
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IV. Porotic Hyperostosis
0-Unobservable 1-Porotic type 2~Cribrotic type 3-Trabecular type 

Number of observed lesions

Position on skull/ Shape of Porosity

Bone:___  Bone:____ Bone:____
Side:____ Side:_____ Side:_____
Shape: 1 2 3 Shape: 1 2 3 Shape: 1 2 3
Size>5mm: Y N Size>5mm: Y N Size>5mm: Y N

Bone:___  Bone:_____  Bone____
Side:____ Side:____ Side:____
Shape: 1 2  3 Shape: 1 2  3 Shape: 1 2  3
Size>5mm: Y N Size>5mm: Y N Size>5mm: Y N

Comments:

V. Cribra Orbitalia
0-Unobservable 1—Porotic type 3—Trabecular type

Number of Observed Lesions R L

Position on Skull/ Shape of Porosity

R. Orbit L. Orbit
Shape: 1 2  3 Shape: 1 2  3
Size>5mm: Y N Size>5mm: Y N

Comments:
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VI. Dental Caries:
R
U
M
3

R
U
M
2

R
U
M
1

R
U
P
2

R
U
P
1

R
U
C

R
U
1
2

R
UI
1

L
U
I
1

L
U
1
2

L
U
C

L
U
P
1

L
U
P
2

L
U
M
1

L
U
M
2

L
U
M
3

0

1

2

3

4

R
L
M
3

R
L
M
2

R
L
M
1

R
L
P2

R
L
P
1

R
L
C

R
L
1
2

R
L
I
1

L
L
I
1

L
L
1
2

L
L
C

L
L
P
1

L
L
P
2

L
L
M
1

L
L
M
2

L
L
M
3

0

1

2

3

4
Comments:

R A S M U 5 Q N  iR t
ONlVERSiTY OF ALASKA-FAi RiSAfMKI



210

VII. Linear Enamel Hypoplasia
RUI1 LUI1 RUI2 LUI2 RUC LUC RIJPl LUP1

Acute

Chronic

Height

Age 1

Age 2

RLI1 LLI1 RLI2 LLI2 RLC LLC RLP1 RLP2

Acute

Chronic

Height

Age 1

Age 2
Comments:

VIII. Degenerative Joint and Disk Disease
0= Unobservable l=mild 2=moderate

Joints: Elbow R 
Knee R 
Hip R 

Shoulder R

L
L_
L
L

3=severe 

Vertebrae: Cervical_
Thoracic_
Lumbar

Comments:



IX. Individual Traits (Pathology, trauma). Comments:
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ADULT SEX DETERMINATION Sheet of
Observer:
Date: Sex:

Population:
Individual:

CRANIUM
Supraorbital ridges 
Forehead
Superior border-orbit Temporal crest Nuchal lines 
External occipital 

protuberance Mastoid processes Suprameatal crest 
Mental eminence (chin) Gonial angle
HUMERUS
Max. head diameter
Transverse head diam. 
Septal aperture 
Biepicondylar width
Plains (7.031 - 0.948X) 
Pueblos (7.337 - 1.047x), (see Bass 1987:154)

STERNUM
(Gladloulus length! 
(Manubrium length)

INNOMINATE 
Sciatic notch 
Ventral arc 
Sub-pubic angle'
Superior inlet * • 
Auricular surface 
Pre-auricular sulcus 
Scars of parturition
SACRUM'
Body shape 
Body-to-ala ratio
FEMUR
Max. head diameter 
Bicondylar width

FEMALE
absent/slightverticalsharp
absent/slight absent/slight 
absent/slight
small
absent
round/pointed > 125 degrees

<43 mm 
<41.2 mm 
present

:3L>*1.51 
>«1.52 .

ratio <2

wide
concave
obtuse
oval-shaped
raised
present
present

flat
body ala

Midshaft circumference
<43 mm 
<72 mm 
<81 mm

MALE
pronounced
retreating
blunt
developeddeveloped
developed
large
present
square
close to 90 degrees

>45 mm >41.2 m 
absent

< P1.51 
CPI. 52

ratio >2

narrow
convex
acute
heart-shaped
flat
absent
absent

curved 
body > ala

>47 mm 
>84 mm 
>81 mm

COMMENTS:

Figure 49. Standard Form Used to Estimate Sex From Skeletal Remains at HK43


