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6.1.4 Radii 

Fifteen fractures occurred in a 

sample of 513 radii (258 right, 

255 left). Fourteen of the fifteen 

fractures occurred in females 

(14/312). A majority of these 

fractures were characterized as 

Colles’ fractures located on the 

distal end of the radial bone 

(Figure 8). Ulnar involvement 

was present in three of the 

fourteen radius fractures 

occurring in the females. Although not possible to distinguish between multiple 

and singular events, falling with an outstretched hand often leads to injuries 

involving the displacement of both the radius and ulna (Grauer and Roberts 

1996).  

6.1.5 Ulnae 

In a sample of 521 ulnae (260 right, 261 left), six fractures were present. Three 

fractures occurred in males (3/205) and three occurred in the female subgroup 

(3/316).  

In the females, two of the three individuals also had radial injuries. One 

female in the intermediate age cohort had healed injuries to the left ulna and left 

radius in addition to two shallow depression fractures; one healed, one unhealed 

of the left posterior parietal bone. Elemental patterns involving the distal forearm 

and cranium are often characterized as defense wounds resulting from an 

attempt to ward off a blow to the face (Jurmain 1991; Judd 2008). In the males, 

one individual in the intermediate age cohort had a parry fracture that was 

confirmed by x-ray. The trauma present was characteristic of a lesions resulting 

Figure 8. K2 8 Female, 70+, healed Colles' 

fracture of the right distal radius. 



44 

 

from the application of a 

blunt force to the proximal 

third end of the bone, a 

pattern associated with a 

defense wound (Jurmain 

1991).  

6.1.6 Hips 

Of 512 hipbones, 10 showed 

fractures, eight of which 

occurred in the female cohort 

(8/313). One female in the 

intermediate age-cohort had 

fractures of the right hip, sacrum, first left metatarsal and fourth right metacarpal. 

Field notes indicated that the bones were well mineralized and osteoporosis is 

not believed to be a concomitant factor. The remaining seven fractures occurred 

in individuals belonging to the older age cohort with each having multiple 

traumas. One older female had a healed fracture of the right ischio-pubic ramus 

and a compression deformity of L1. As the hip fracture was healed, it is difficult to 

determine if osteoporosis was a contributing factor. The six remaining fractures 

occurred in older females that were identified as having widespread osteoporosis 

in the skeleton (based on field observations). These fractures are summarized as 

follows: a female aged 70± showed evidence of a healed fracture of the left 

ischio-pubic ramus. Whether or not this is a concomitant of the widespread 

osteoporosis seen throughout the skeleton is difficult to determine as the fracture 

is well-healed. Another specimen from the older female age cohort displayed 

multiple healed fractures, likely from a major fall years before her death. The 

injuries present included fractures to both hips, the right clavicle, ribs, left distal 

ulna, lumbar vertebrae, sacrum as well as metacarpals and metatarsals. Another 

complete female skeleton was noted as being very osteoporotic with a 

Figure 9. K2 191 Female, 70+ with a healed 

intertrochanteric fracture. This fracture was 

well-healed and resulted in the formation of a 

pseudoarthropy. 
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concomitant fracture of the right ischium, sacrum and an unhealed fracture of the 

femoral neck. There was soft tissue embedded in-between the femoral head and 

neck which indicates that the femoral fracture was perimortem. In addition, a 

female estimated age 60 displayed evidence of an unhealed fracture of the 

trochanteric region of the left hip in addition to an unhealed left femoral fracture; 

osteoporosis was widespread throughout the skeleton. A female with an 

approximated age of 70 displayed similar osteoporosis-related fractures of the 

left ischial pubic ramus, femoral neck, femoral head, sacrum, thoracic vertebrae, 

lumbar vertebrae and advanced degeneration of the spine.  

Of the two hip fractures occurring in males, one individual belonged to the 

younger age cohort and suffered from a fracture of the right hip, sacrum and ribs. 

Osteoporosis was not present in the skeleton. The second individual is from the 

intermediate age cohort and had a healed penetrating trauma to the left ilium. It 

is important to note that in contrast to the female subgroup, there were no hip 

fractures in the male subgroup that were associated with Type 1 osteoporosis. 

The females who suffered from hip fractures presented evidence of multiple 

traumas, often to one or more of the following elements: femoral neck, ribs, distal 

radius, metacarpals, metatarsals and spine.  
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6.1.7 Femora 

Of 521 intact femora, 12 had 

fractures; with equal side 

prevalence (6/261 in right and 

6/260 in left). A majority of the 

fractures, 10/312, occurred in 

females with only 2/209 

occurring in males. The 

distribution and location of the 

femoral fractures followed a 

similar pattern to what was 

observed in the hip fractures. 

In the females, all ten of the 

femoral fractures occurred in 

the oldest age cohort and 

were classified as 

intertrochanteric fractures 

(Figures 9 and 10) associated 

with osteoporosis.  

Five of the fractures 

were healed; five were healing or unhealed, which indicates that death occurred 

shortly after the fracture event. All females suffering from intertrochanteric 

fractures had multiple fractures, most commonly to the vertebral column and ribs. 

In the males, one individual from the youngest adult age cohort had a well-healed 

fracture of the right femoral neck that was not accompanied by any other 

pathology. Another male from the oldest age cohort had an avulsion fracture of 

the greater trochanter of the right femur that likely occurred prior to the 

ossification of the epiphysis accompanied by a fracture of the right clavicle, ribs 

and compression fractures of the spine.  

Figure 10. K2 B82 Female, 60+, unhealed 

intertrochanteric fracture. 
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6.1.8 Sacra 

Fractures occurred in 8 of 260 intact sacra; three (3/104) males and five (5/156) 

in females. Of note is that all sacral fractures were accompanied by multiple 

injuries. In males, one individual in the youngest age cohort had fractures of the 

sacrum, right hip and ribs. The remaining two fractures affected individuals in the 

oldest age cohort; one individual had both nasal and sacral fractures while the 

other male had a sacral fracture accompanied 

by a vertebral fracture. In the females, one 

intermediate-aged individual had a sacral 

fracture accompanied by a fracture of the right 

hip. The remaining four fractures occurred in 

individuals in the oldest age cohort. Three of 

the four individuals with sacral fractures had 

accompanying hip fractures, which are 

associated with the same event (e.g., a fall). 

One individual had both a sacral fracture and a 

frontal skull lesion.  

6.1.9 Tibiae 

Of the 526 complete tibiae, three fractures were 

present; all in males (3/214). Two occurred in 

the intermediate age cohort; one individual had 

a healed fracture of the left tibia, skull and ribs, 

whereas the second individual suffered a 

severe trauma to the left side of the skeleton, 

with evidence of healed fractures of the left 

tibia, left fibula, left radius and left ulna. The 

third was an older individual with evidence of 

healed trauma to the right tibia and right fibula 

(Figure 11). The tibial fractures are interpreted 

herein as the result of occupational trauma that 

Figure 11. K2 324 Male, 55+, 

healed fractures of the distal 

tibia and fibula. 
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probably occurred long before his death. The fact that these bones were not set 

(i.e., realigned) suggests limited medical knowledge within the Kellis community 

as such bones today would be aligned as close as possible to their natural stress 

lines.  

6.1.10 Fibulae 

In 529 complete fibulae, four fractures were present, all in males (4/216). Two 

fractures occurred in the intermediate age cohort; one individual had evidence of 

healed trauma to the left side of the skeleton, with fractures of the left fibula, left 

tibia, left radius and left ulna. The second individual had trauma to the right fibula 

and ribs. The remaining two fractures were to older individuals. One individual 

had evidence of healed trauma to the right fibula and tibia (Figure 11) 

presumably from a major fall. The poor alignment of the bones in Figure 11 

would have had a negative impact on the individual’s gait. The second individual 

had a healed fracture of the right distal tibia with evidence of periosteal bone 

growth on the shaft, possibly due to infection.  

6.1.11 Vertebrae 

In this study, the vertebral column was included in the skeletal inventory if 2/3 of 

the column was present. Most often the vertebrae missing were in the cervical 

region due to looting. In total, 264 vertebral columns were analyzed, 23 of which 

had compression defects. Seven of the fractures occurred in males (7/107) 

whereas sixteen of the fractures occurred in females (16/157). In males, three of 

the seven fractures occurred in the younger age cohort, with each individual 

having multiple traumas. Two of the individuals from this cohort have evidence of 

sharp-force trauma, specifically, penetrating vertebral wounds representing 

evidence of malintent. The remaining four fractures occurred in older individuals, 

with four individuals having multiple traumas. Two of the four fractures were 

characterized as compression injuries.  

In females, there are significantly more vertebral fractures than in males. 

Two of the fractures occurred in individuals belonging to the younger group; both  
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being single traumas. Two individuals in the intermediate age cohort suffered 

from compression defects of the thoracic and cervical spine. One individual had a 

T1 wedge deformity that resulted in the ankylosis of the adjacent vertebra. The 

second individual showed evidence of Schmorl’s nodes in L3, L4 and the 

compression of C5 and C6. Both individuals had widespread osteoporosis. The 

remaining 12 fractures were in older females.  Eleven of these twelve individuals 

had multiple traumas, the majority of which were associated with osteoporosis. 

Nine of the twelve fractures had evidence of at least one collapsed vertebrae, 

anklylosing of adjacent vertebrae or the presence of Schmorl’s nodes.  

6.1.12 Ribs 

Although ribs were not counted by individual bone herein, ribs were included in 

this analysis as they are commonly affected in antiquity (Roberts and Manchester 

2005). If nearly complete rib bones were present in the burial, these ribs can be 

attributed to one person, as the graves in Kellis were single interments. For the 

purpose of this analysis, individuals were identified as having rib bones present 

or absent; complete sets of rib bones were not required in order for these 

elements to be included in the study as a means of increasing the number of 

Figure 12. K2 B227 Male 23(±3.6 years) unhealed stab wounds to the 

left 8th and 9th ribs. 
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individuals present in the sample population. There were 263 individuals in the 

sample with rib bones present; forty with fractures. Twenty-three affected 

individuals were males (23/106) and seventeen were females (17/157). Rib 

fractures were common in both sexes and all age-cohorts within the sample 

population. Two young adult males had unhealed rib fractures that were 

produced by sharp force trauma that penetrated the cortex of the rib bone (Figure 

12). Rib fractures in females were primarily found in older individuals (12/17) 

usually with multiple traumas primarily associated with osteoporosis (i.e., hips, 

femur, distal radius and vertebrae). Since all the rib fractures were healed it is 

difficult to determine if they all occurred in older individuals, but no doubt many of 

these occurred because of an increased susceptibility to fracture in older women.  

6.2 Elemental Fracture Rates 

6.2.1 Elemental Prevalence Rates 

Prevalence rates for each skeletal element in the Kellis population are presented 

in Table 5. From the previous section, it was noted that there are several 

examples of individuals with multiple traumas present.   

There were a total of 157 fractures in the Kellis sample. The highest 

prevalence occurred in the ribs, which accounts for 15.2 % of the 157 fractures. 

As shown, the ribs had the highest prevalence in both sexes. The skull also had 

a high rate of involvement with a prevalence value of 10.2% followed by the 

vertebrae (8.7%).  As this research is concerned with the distribution of fractures 

in relation to age and sex, trauma was further investigated according to males 

versus females in terms of the various age cohorts.   

When the data were organized by sex, they showed that there is not a 

significant overall difference in the prevalence of trauma between males and 

females. As seen in Table 6, the male and female cohorts show similar patterns 

such as rib fractures being most common in both sexes followed by cranial 

trauma. However, the ultimate causes of the fractures within each of the 

subgroups are variable. For example, osteoporosis is a well-known contributing 
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risk factor to injuries in post-menopausal females (Mensforth and Latimer 1989; 

Brickely 2002; Agarwal and Stout 2003). In the older female cohort of the Kellis 

sample population, eight individuals had intertrochanteric fractures likely from 

falls juxtaposed on demineralized bones (Molto and Sheldrick 2011), whereas no 

males had intertrochanteric fractures in the older cohort. 

Table 5 Elemental Rates of Trauma 

Element n p % 

Crania             205   21            10.2 

Clavicles            511   11              2.2 

Humerii            513     4              0.8 

Radii            513    15              2.9 

Ulnae            521      6              1.2 

Hips            521    10              1.9 

Femurs            521    12              2.3 

Sacrum            260       8             3.1 

Tibiae            526       3             0.6 

Fibulae             529       4             0.8 

Vertebrae             264     23             8.7 

Ribs             263     40           15.2 

 

n= number of skeletal elements     

p= number affected by trauma     
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Table 6 Prevalence of Trauma in Males versus Females 

 Males Females 

       

Element n p  % n p % 

Crania 80 15 18.8 125 6 4.8 

Clavicles 203 6 3.0 308 5 1.6 

Humeri 202 4 2.0 311 0 0.0 

Radii 201 1 0.5 312 14 4.5 

Ulnae 205 3 1.5 316 3 0.9 

Hips 208 2 1.0 313 8 2.5 

Femora 209 2 1.0 312 10 3.2 

Sacrum 104 3 2.9 156 5 3.2 

Tibiae 214 3 1.4 312 0 0.0 

Fibulae 216 4 1.9 313 0 0.0 

Vertebrae 107 7 6.5 157 16 10.2 

Ribs 106 23 21.7 157 17 10.8 

n= number of skeletal elements     

p= number affected by trauma     
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As shown in Table 6, 21.7% (23/106) of males had rib fractures (all but 2 

were healed) followed by cranial prevalence of 18.8%. The vertebrae followed 

with 7 observed lesions (6.5%). The remaining elements are organized into 

descending trauma rates: clavicle (3.0%), sacrum (2.9%), humerii (1.9%), fibulae 

(1.9%), ulnae (1.5%), tibiea (1.4%), hips (1.0%), femurs (1.0%) and radii (0.5%).  

Similarly to the males, Table 6 demonstrates that the females had the 

highest prevalence of trauma in the ribs (10.8%), followed by the vertebrae 

(10.2%). The remaining elements are organized into descending trauma rates: 

the skull (4.8%), radii (4.5%), femurs (3.2%), sacrum (3.2), hips (2.5%), clavicles 

(1.6%) and ulnae (0.9%). There were no fractures recorded for the humeri, tibiae 

or fibulae in the females. 

6.2.2 Sex and Age Specific Rates of Trauma 

This section further stratifies the data based on sex and age specific cohorts to 

examine the patterns of trauma that emerge when comparing individuals across 

and between cohorts.  

6.2.2.1 Prevalence of Female Trauma by Age 

Figure 13 shows the prevalence of female trauma by element and by age cohort. 

It is evident that there are certain skeletal elements that are more at risk for 

traumatic injuries during certain times in an individual’s life. The most dramatic 

variation between the female age cohorts occurs with the increase in the trauma 

rate of the radius, hip, femur, ribs and vertebrae with age. Although fractures may 

be cumulative and reflect the injuries that individuals have sustained throughout 

a lifetime, it is my opinion that most of the fractures suffered by females in the 

older cohort actually occurred during the postmenopausal years and are 

associated with the systemic bone loss resulting from osteoporosis. This 

hypothesis will be discussed further in Chapter 6.  
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Figure 12 Elemental Rates of Trauma within the Female Cohort. 

 

Noteworthy with these data is an inverse relationship between rate of 

trauma in the female crania with age. As age increases, the prevalence of trauma 

to the crania decreases in the Kellis female population. This obviously is a 

stochastic result, as young individuals who suffer trauma would show these 

lesions when they reach an older age. This result illustrates the innate difficulties 

of dealing with a cross-sectional mortality sample.  

In the female infracranial skeletons, the most common lesions occurred in 

the vertebrae and ribs of older individuals (51+), with 26.7% of the elements 

recovered showing evidence of trauma (12/45 for both vertebrae and ribs).  The 

older female cohort also had a highest prevalence of trauma observed, likely due 

to the influence of osteoporosis. Recall that of the 89 femurs observed, 11.2% 

had fractures and all of these were in oldest cohort.  This is a significant increase 

in comparison to the younger and intermediate female age cohorts, as neither 

had any evidence of trauma in the femur.  Similarly, the hip and radii data from 

the older age cohort (7.8% and 10.0% respectively) were greater in comparison 

to the younger (0% and 1.4% respectively) and intermediate (1.2% and 3.6% 
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respectively) age cohorts. In addition, the older female cohort showed a higher 

rate of trauma in both the clavicle (5.6%) and sacrum (8.9%) relative to the 

earlier age cohorts.  

As noted, the age pattern in female crania is stochastic with the highest 

prevalence (7.1%) occurring in the young adults. There was no cranial trauma in 

middle-aged females. The distribution of the cranial lesions was mainly 

concentrated on the parietal (4/6) and frontal (2/6) areas with no facial lesions 

involving the nasal cavity.  The lack of facial lesions suggests limited face-to-face 

malintent trauma in females, an opposite trend was observed in the male 

subsample.  

6.2.2.2 Prevalence of Male Trauma According to Age  

Figure 13 Elemental Rates of Trauma within the Male Cohort. 

 

 

0

5

10

15

20

25

30

35

40

45

P
e

rc
e

n
ta

ge
 o

f 
e

le
m

e
n

ts
 a

ff
e

ct
e

d

Skeletal element

Elemental Rates of Trauma within the 
Kellis Male Subsample

18-35

36-50

51+



56 

 

Males have a similar pattern to females in regards to the direct relationship 

between increasing age and increasing elemental rate of skeletal trauma. 

However, the elements that experience an increased prevalence of trauma are 

different between the two sexes.  

Males experience a higher rate of trauma in the younger age cohort than 

females, although similarly to the females, the highest rate of trauma is found in 

older males. For example, in comparison to the younger males, the older males 

have nearly ten times the rate of elemental trauma in the skull (4%, 41%).  A 

similar increase can also been seen in the trauma rate of the ribs which has a 

gradual increase as age increases. In comparison to the intermediate aged 

males, older males have higher rates of trauma in virtually all the skeletal 

elements.  

6.3 Fracture Prevalence: By Individual  

As noted, the sampling strategy used to produce the fracture prevalence data is 

cross-sectional, where N is the total number of subjects in the sample and each 

subject is scored for the absence or presence of pathology. As trauma in adults 

reflects the accumulation of trauma events over time it is difficult to assign exact 

rates for each succeeding cohort.  

 

 

 

 

 

 



57 

 

6.3.1 Individual Prevalence Rates 

Table 7 Age and Sex Distribution of Fracture Prevalence by Individual 

Age 

Cohort 

Males Females 

  P/N  % M/P % P/N % M/P % 

18-35 10/57 17.5 (4)/10 40 10/71 14.1 (1)/10 10 

36-50 19/35 54.3 (9)/19 47.4 9/43 20.9 (2)/9 22.2 

51+ 14/17 82.4 (8)/14 57.1 29/45 64.4 (15)/29 51.7 

Total 43/109 39.5 21/43 48.8 48/159 30.2 18/48 37.5 

P= number of individuals affected by trauma 

N= total number of individuals in cohort 

M=number of individuals affected by multiple traumas 

The above elemental analysis (Table 6) of trauma was used, in part, for 

comparative purposes as many studies only record elements affected by trauma, 

particularly skulls. However, it is the individual that experiences traumatic events. 

This section summarizes the data by individual, which is possible because of the 

excellent preservation and representation of the Kellis sample (see Table 7). This 

table also includes the category of multiple traumas per individual. When a 

person presents with multiple traumas it is often difficult to determine if the 

injuries represent single or multiple events.  

In total, 91 (34%) of the 268 individuals (sexes and age cohorts combined) 

showed at least one fractured skeletal element. The number of individuals with 

multiple traumas is also summarized in relation to the overall number of 

individuals affected by trauma in each age cohort. In total, 39 (14.5%) of the 268 
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individuals showed evidence of two or more fractured elements. Males and 

females respectively were almost equally affected (39.5% versus 30.2%); 

although these data can be misleading because the reasons for multiple traumas 

are very different between sexes especially when the trauma is well-healed.  

In Kellis males, occupational and interpersonal risks can produce multiple 

lesions per individual whereas in females the most important contributing factor is 

bone density (e.g., osteoporosis). For example, of the 51.7% of females with 

multiple traumas in the oldest age cohort, most of the individuals were very 

osteoporotic. In contrast, older males have no evidence of osteoporosis-related 

fractures. The similar high rates of overall trauma in the males and females with 

major age-related differences are best understood as the result of the differential 

lifetime risks.  Fracture prevalence in mortality samples is cumulative. Each age 

cohort has a different length of exposure to risk of a fracture, the oldest age 

cohort (51+) having the greatest length of exposure. Understanding this is 

germane to understanding the ultimate causation of trauma for a given 

population. This is partially resolved by accounting for age within the sample 

population. This problem could possibly be addressed by using person years 

exposure (Glencross and Sawchuk 2003) but, this technique is problematic 

because of the large variance in age estimates especially for older adults. In the 

older female cohort most of the fractures were a product of osteoporosis during 

their later years; this can be confirmed through the condition of the skeleton as 

well as the presence of multiple traumas. Note that the fracture rates in the two 

early age cohorts in females are extremely low compared to the older (50+) 

adults. Clearly, the lifetime risk of skeletal trauma is virtually the same between 

males and females (i.e., 39.5% and 30.2% respectively), but the causes of the 

traumas and the patterns are significantly different. The statistical results 

demonstrate this. 

6.4 Statistical Analyses Results 

Using the odds ratio for the Kellis trauma sample facilitates a more in-depth 

analysis of the potential risk of fractures in relation to age and biological sex. 
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Odds ratios were computed to understand the associations between bone 

fractures and the variables sex, element and age based on guidelines by Sahai 

and Khurshid (1996) for interpreting odds ratio calculations.  The 95% confidence 

interval (CI) for the odds ratio value can be used to estimate the precision of the 

odds ratio (Szumilas 2010). A large CI indicates a low level of precision, whereas 

a small CI indicates a higher precision of the odds ratio (statistical significance is 

denoted with an asterisk (*)) (Szumilas 2010).  A 95% confidence interval is not 

an exact measure statistical significance; however, it can be used as a proxy to 

statistical significance if the odds ratio does not overlap the null value (OR=1). A 

confidence interval that spans the null value cannot be used to measure the 

association or lack of evidence between an exposure and an outcome.  

6.4.1 Fracture and Biological Sex  

Table 8 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Sex 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Male 0.6515 1.5066 0.9029-2.5141 

Female 0.4324    

The sex-specific odds ratios indicate that males are 1.5 times more likely to 

sustain a fracture than their female counterparts. Although males have slightly 

greater odds of sustaining a fracture relative to females, the association between 

risk of fracture and biological sex is a weak positive. The 95% confidence interval 

(0.9029, 2.5141) encompasses values ranging from a weak effect through a 

strong effect, indicating that the result does not have a high level of precision. As 

noted above this computation is biased, as it does not consider age and the 

underlying causes of the traumas.  
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6.4.2 Fracture, Total Number of Elements and Biological Sex 

Table 9 Stratified Analysis Output for the Association Between Fractures, 

Total Number of Elements in Males versus Females 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Males 0.0368 1.3189 0.959-1.814 

Females 0.0279    

The sex-specific odds ratios indicate that males have a slightly elevated number 

of fractures relative to the total number of skeletal elements recorded in the 

sample. Males are 1.3 times more likely to sustain a fracture; this value is 

considered to be a weak positive. The confidence interval indicates the effect of 

the exposure by element as being weak to moderate as unity (=1) is 

encompassed in the range. 

6.4.3 Fracture, Biological Sex and Age  

This section examines both the exposure of sex and age in association with the 

outcome of a fracture. The results are summarized for the three age-cohorts in 

Tables 10 through 12.  

Table 10 Stratified Analysis Output for the Association Between Fracture 

and the Younger Age Cohort (18-35), Males versus Females 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Male 0.2128 1.2979 0.4992-3.3745 

Female 0.1639    
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These data indicate that males are nearly 1.3 times more likely to sustain 

a fracture compared to females belonging to the same age cohort. This value is 

interpreted as a weak positive association. The 95% confidence interval has low 

precision since values include no effect through strong effect (0.4992, 3.3745).  

Table 11 Stratified Analysis Output for the Association Between Fracture 

and the Intermediate Age Cohort (36-50), Males versus Females 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Male 1.1875 4.4861 1.66-12.0855* 

Female 0.2647    

The odds ratio for testing the association between fracture, sex and the 

intermediate age cohort can be interpreted as a strong positive, 4.5>2.6. This 

association shows that males are 4.5 times more likely to sustain a fracture 

during this time period in their life in comparison to females belonging to the 

same age cohort. The 95% confidence interval supports this assessment and 

includes values of moderate to strong association.  

Table 12 Stratified Analysis Output for the Association Between Fracture 

and the Older Age Cohort (51+), Males versus Females 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Male 4.667 2.5747 0.6424-10.32 

Female 1.8125    

The odds ratio testing the association between fracture, sex and the older 

age cohort can be interpreted as a strong positive. Males that are over 51+ years 

of age are 2.6 times more likely to sustain a fracture than their female 
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counterparts. The 95% confidence interval is not informative since the intervals 

include values ranging from no effect through strong effect (0.6424, 10.32). As 

previously stated, although both males and females in the older age cohort have 

a longer exposure to the risk of fracture and therefore a high chance of 

accumulating more fractures throughout a lifetime, the variation in the distribution 

of fractures between the two sexes suggests that there are other variables 

influencing individual risk of fractures. For the oldest female age cohort, the main 

exposure that contributes to an increased risk of fracture is the presence of 

systemic osteoporosis, which does not appear to be a risk factor in older males.  

6.4.4 Multiple Fractures, Sex and Age 

From the prevalence data in section 5.3, it can be seen that there are several 

individuals in the sample population that suffered from more than one trauma to 

the skeleton. The presence of multiple fractures can be the result of 

simultaneous or independent events.  However, when working with mortality 

samples, it is often difficult, if not impossible, to determine if an individual’s 

injuries are the result of more than one insult to the skeleton (Judd 2002). 

Notwithstanding this interpretation, the risk of obtaining multiple fractures within 

and between the cohorts is a valuable method of determining the presence of 

underlying variables contributing to an individual’s risk of fracture. Table 13 

demonstrates that when males and females are compared independently of age, 

the risk of sustaining multiple fractures is only 1.3 times greater for males than 

females. The earlier prevalence data indicated that males and females were 

relatively similar, 48% and 38% respectively, in terms of the number of 

individuals who were affected by one or more traumatic injuries. However, the 

prevalence data also indicated that the distribution of individuals with multiple 

fractures was highly variable when age is considered as an exposure. 

 



63 

 

Table 13 Stratified Analysis Output for the Association Between Multiple 

Fractures in Males versus Females 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Males 0.4884 1.3023 0.6139-2.763 

Female  0.375    

 

Table 14 Stratified Analysis Output for the Association Between Multiple 

Fractures and Exposure by Biological Sex and Age: A Comparison 

Between The Youngest Age Cohorts 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Males 0.6667 6 0.5321-67.6525 

Female  0.1111    

 

Table 15 Stratified Analysis Output for the Association Between Multiple 

Fractures and Exposure by Biological Sex and Age: A Comparison 

Between the Intermediate Age Cohorts 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Males  0.9 3.15 0.5149-19.2719 

Female  0.2807    
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Table 16 Stratified Analysis Output for the Association Between Multiple 

Fractures and Exposure by Biological Sex and Age: A Comparison 

Between the Oldest Age Cohorts 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

Males 1.3333 1.2444 0.3443-4.4978 

Female  1.0714    

The data presented in Tables 13-16 demonstrate that the risk of 

sustaining multiple traumatic injuries greatly varies by age. Table 14 compares 

the male and female samples in the youngest age cohort and shows that males 

are 6 times more likely to sustain multiple fractures in comparison to females. 

This finding corroborates the earlier data showing that males from the Kellis 

sample population sustained more cranio-facial wounds that were associated 

with violent injury than females in the younger age cohort. Judd has reported 

similar findings in her 2004 study of injury recidivism in a Nubian skeletal sample; 

younger males displayed a much higher frequency of multiple injuries associated 

with violence (facial wounds, parry fractures, penetrating wounds, ect.). The use 

of the 95% confidence interval in Tables 13 to 16 was not effective as the ranges 

for each table encompassed values from no effect to extremely high effect and 

contained unity.  

 Similar to the findings of Table 13, Table 15 shows that males have a 

slightly higher risk of sustaining multiple injuries (odds of 3.15) than their female 

counterparts. As age increases, it appears that the risk of sustaining multiple 

injuries is nearly equal between males and females. Table 16 demonstrates that 

males are only 1.2 times more likely to suffer from multiple injuries in comparison 

to females in the same age cohort. However, it is known that fracture prevalence 

and frequency in mortality samples is cumulative. Thus, it would be expected that 

both males and females experience a greater and relatively equal risk of 
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sustaining multiple injuries as age increases. To demonstrate the confounding 

effect that this may have on individual fracture risk, Table 17 shows the odds 

ratio calculations for the risk of multiple traumas comparing the youngest and the 

oldest female age cohorts.  

Table 17 Stratified Analysis Output for the Association Between Multiple 

Fractures and Exposure of the Female Cohort: A Comparison of the 

Youngest and Oldest Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

18-35 0.1111 9.6429 1.0785-86.0171* 

51+  1.0785    

When age is examined independently of biological sex, it can be seen that 

there is a significant risk of sustaining multiple fractures with increasing age. 

From Table 17, females that are 51+ are 9.6 times more likely to sustain multiple 

skeletal injuries than females who are between 18-35 years of age. The 95% 

confidence interval supports this significant result, surpassing unity and ranging 

to a strong positive effect (1.1-86.0).  

When stratifying data based on age and sex, odds ratio values are 

indicative of some association between these two exposures and the outcome of 

a fracture. Confounding variables must be considered when examining the 

relationship between two or more exposures and a particular outcome.  If a non-

causal association is observed between a particular exposure and a given 

outcome, this may be the result of a third variable known as a confounding 

variable. This variable may be causally associated with the outcome and non-

causally or causally associated with the exposure (Szumilas 2010). Stratification 

is one method used to address confounding variables. To examine the 

relationship between age and fracture risk, data were further stratified based on 

sex. Females and males are independently assessed in the next section. 
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6.4.5 Fracture, Female Cohort and Age  

The sex-specific odds ratios comparing the likelihood of a fracture between the 

various female age cohorts indicate a significantly higher risk of fracture in older 

age cohorts versus the younger age cohort. Table 18 summarizes the odds ratio 

values between the youngest and intermediate age cohorts and is indicative of a 

weak positive association. The 95% confidence interval is not informative as the 

range includes values from no effect through strong effect. The odds ratio value 

for Table 19 which compares the intermediate and oldest age cohort is 

interpreted as having a strong positive 6.8>2.6; this value is also supported by 

the 95% confidence interval which indicates a strong association. These data can 

be interpreted as females older than 50 years of age being 6.8 times more likely 

to sustain a fracture than females between the ages of 36-50 years old. 

Table 18 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Female Cohort and Age: A Comparison of the Youngest 

and Intermediate Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

18-35 0.1639 1.6147 0.5979-4.3606 

36-50 0.2647    
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Table 19 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Female Cohort and Age: A Comparison of the 

Intermediate and Oldest Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

35-50 0.2647  6.8472 2.6344-17.7972 

51+ 1.8125    

 

Table 20 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Female Cohort and Age: A Comparison of the Youngest 

and Oldest Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

18-35 0.1639 11.0563 4.471-27.3406 

51+ 1.81250    

In addition, Table 20 demonstrates a similar trend with an odds ratio of 

11.1, indicating that there is a strong positive association between age and the 

outcome of a fracture (11.1>2.6). The 95% confidence interval exceeds well past 

the null value indicating a strong association between age and fracture outcome 

in the older female cohort. The odds ratio value demonstrates that females from 

the Kellis sample over the age of 50 are 11.1 time more likely to sustain a 

fracture that females between the ages of 18-35 in the same sample population. 

The stratification of data into sex and age specific groups allows for a more 

refined analysis of the trauma patterns throughout the Kellis subsample. It is 

evident that there is a strong correlation between increasing age and the 

likelihood of fracture within the female cohort.  
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6.4.6 Fracture, Male Cohort and Age  

The sex-specific odds ratios comparing the likelihood of a fracture between the 

various male age cohorts indicate a significantly higher risk of fracture in older 

and intermediate age cohorts versus the younger age cohort. Table 21 

summarizes the odds ratio values between the youngest and oldest male cohorts 

and demonstrates that older males were almost 6 times more likely to sustain a 

fracture than the younger male cohort (5.6>2.6), evidence of a strong positive 

association between older age and risk of fracture. The 95% confidence interval 

supports that this is a significant value as it does not contain unity (2.2-14.5). 

Table 21 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Male Cohort and Age: A Comparison of the Youngest and 

Intermediate Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

18-35 0.2128 5.5813 2.1521-14.4747* 

36-50 1.1875    

 

Table 22 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Male Cohort and Age: A Comparison of the Intermediate 

and Oldest Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

35-50 1.1875  3.9298 0.9563-16.1485 

51+ 4.6667    
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Table 23 Stratified Analysis Output for the Association Between Fracture 

and Exposure by Male Cohort and Age: A Comparison of the Youngest and 

Oldest Age Cohort 

 Odds Odds 

Ratio 

95% Confidence 

Interval 

18-35 0.2128 21.9333 5.2933-90.8824* 

51+ 4.6667    

The odds ratio value for Table 22 suggests that there is a strong positive 

association (3.9>2.6) between the risk of fracture in the older male cohort in 

comparison to the intermediate age cohort. Relative to males in the intermediate 

age cohort, older males are nearly 4 times more likely to sustain a fracture. The 

95% confidence interval is not significant as it contains unity (0.96-16.1). In Table 

23, the odds ratio value demonstrates that males from the Kellis sample over the 

age of 50 are 21.9 times more likely to have sustained a fracture than males 

between the ages of 18-35 in the same sample population. This value suggests 

that there is a strong positive association between increasing age and the 

presence of one or more traumatic injuries in the skeleton. This is supported by 

the 95% confidence interval that indicates that this is a significant value that does 

not contain unity (5.3-90.9). Refining the male data into specific age cohorts 

allows for a more complete picture of the fracture patterning to be envisioned. 

Aggregating the sample allows for comparison between larger subsample groups 

however, these data must be interpreted with caution, as the statistical results 

obtained are indicative of discrete variations amongst both sexes and the various 

age cohorts.  

6.5 Summary of Results 

This chapter has demonstrated that the best method for interpreting fractures is 

to record the data by individual not by elements. The elemental data were 

provided for comparative purposes since most studies do not use the individual 
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as the comparative unit for various reasons (i.e., poor preservation). Both the 

prevalence and odds ratio calculations show the importance of stratifying the 

individual fracture data by both age and sex. This provides the best method of 

understanding fracture etiology within the specific context of the individual. 

Stratification can also be used to further explain similarities within the data and 

results that are deemed statistically non-significant, yet have an impact on the 

outcome. For example, both males and females in the oldest age cohort have the 

greatest risk of sustaining a fracture as they have had longer exposure to the 

risk. In this cohort, both sexes have similar risks of sustaining multiple fractures, 

yielding a non-significant odds ratio value. This is due to the cumulative nature of 

fractures in mortality samples. Although both experience the cumulative 

phenomenon, some fractures may have different etiologies that are masked by 

the higher frequency of multi-injured adults in the oldest age cohort. By 

comparing individuals from the male and female oldest age cohorts that have 

one or more fractures, its can be seen that the male individuals tend to represent 

injuries associated with accumulation whereas the females present injuries that 

are associated with bone density loss and osteoporosis. The patterning of 

fractures in the oldest female age cohort demonstrated that 8 of the 10 

intertrochanteric injuries occurred in the later stages of life. These data are 

similar to current clinical outcomes, with 18% of hip and proximal femur injuries 

occurring in the 60 and over age cohort in contemporary populations (WHO 

2003).  

Some general statements of these trauma results are in order. Age and 

sex are important dimensions of the trauma pattern. Fracture risk in males is 

much greater than females before the 5th decade of life. Males have both higher 

rates of occupational and interpersonal (i.e., facial wounds) trauma. Throughout 

their lives, men are much more likely than women to suffer from all types of 

traumatic injuries, especially those associated with interpersonal violence 

(Walker 2001). In modern clinical literature, hospital emergency rooms in the 

United States report that the perpetrators and victims of modern assaults tend to 

be young men (Baker 1992; Walker 2001). Similar patterns are documented in 
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archaeological samples where young males have the highest frequency of 

trauma in sample populations (Judd 2002; Judd 2004; Brickley and Smith 2006) 

In the Kellis sample, it appears that males in their early years may be more prone 

to violence. Female trauma, in the early years in particular, may relate to birth 

trauma, which does not leave skeletal signs. With increasing age in the mid to 

late 40s, women are more prone to osteoporosis-related fractures and by the 

older cohort these traumas increase substantially. In the mud-brick houses today, 

as in the past, stairwells are relatively steep and do not have support railings. 

This physical structure could easily have been a potential source of falls and 

trauma in older women in ancient Kellis, as falls are the number one cause of hip 

fractures in contemporary populations (WHO 2003). Kellis males on the other 

hand did not experience trauma from bone demineralization but did have higher 

rates of trauma because they were age accumulative. Therefore the comparative 

data in males versus females in the older cohort may require adjusting. Stated 

alternatively the raw data greatly underestimates the risks of trauma in older 

females versus males. The trauma that resulted in 8 females having hip and/or 

femur fractures in the older cohort likely occurred during those years whereas the 

cumulative male trauma likely occurred gradually with age. 

 Further trends within the fracture data will be discussed in the final 

chapter. It can be seen from the results that the most representative values are 

derived from data stratification. Stratified analysis through the use of the odds 

ratio allowed for both the direction and strength of an association between two 

variables to be determined. This simple method proved effective for quantifying 

complex inter-relationships between various exposures leading to trauma in the 

Kellis population.  
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Chapter 6 

7 Discussions and Conclusions 

The final chapter of this thesis focuses on the discussion and interpretation of the 

results into a broader bioarchaeological context in section 6.1. The subsequent 

section, 6.2, outlines the research conclusions that were drawn from the 

completion of this study. The final section, 6.3, features possible research 

avenues for future studies of trauma in the Kellis sample.  

7.1 Discussions 

As noted in Chapter 1, trauma has been ubiquitous throughout human evolution. 

The substantive data on trauma in the bioarchaeological literature, though poorly 

standardized, clearly has shown that bone trauma increases with age and has a 

variant etiology between the sexes. This leads to the null hypothesis (H0) 

investigated, ‘that there is no association of trauma with age and sex in the Kellis 

population’. This hypothesis has been rejected herein. The association of age 

with skeletal trauma is expected since bone remodeling would rarely eliminate 

bone traumas in adults, thus trauma that occurs in each age cohort is cumulative 

which increases the prevalence of trauma in older individuals. Of course the 

samples used in given studies must be large and representative of the 

population. In terms of sex, males and females experience different risks in 

virtually all environments such that males experience greater malintent 

(interpersonal and/or interpopulational) and occupational trauma than females. 

Whereas females, experience trauma related to the risks of daily life and their 

surrounding environment (i.e., steep stairwells, house hold tasks) especially older 

females who are at risk of bone trauma due to osteoporosis and an increased 

susceptibility to falls (WHO 2003). These male versus female traumas may be 

associated with a division of labour. Robb (1997) describes variation between 

male and female patterns of trauma in terms of the development of gender roles 

that prescribed violent behaviour for males and reinforced a sexual division of 

labour in which women were not expected to perform activities considered heavy 
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or dangerous. Although not universal, evidence from the modern Kellan 

population has shown that males and females participate in varying tasks and 

hold different roles in the community (Personal communication Dr. J.E. Molto 

2016).  

Lovell (1997) suggested two interrelated levels in the causation of trauma: 

proximate and ultimate. Proximate mechanisms of injury involve determining 

whether a fracture is the result of direct or indirect trauma or if the injury is 

secondary to pathology (e.g., bone weakened by a tumour). The ultimate 

mechanism of injury considers the influence of both intrinsic constitutional factors 

like age and sex and the extrinsic environmental and/or sociocultural factors. As 

the causes of trauma are population specific, it is important to recognize that the 

etiology can vary according to environmental or extrinsic factors (i.e., ultimate 

factors). It is thus worthwhile to overview the information available at Kellis in 

terms of assisting with the ultimate causation of trauma. The occupants at Kellis 

were involved in agricultural pursuits that are mirrored by today’s Dakhleh Oasis 

dwellers. Though there is some modern mechanization (e.g., tractors, cars etc.) 

in today’s population, the Dakhlens share similarities between their ancient 

ancestors including their subsistence patterns, occupational hazards and climate.  

Daily, the members of the Dakhleh Oasis Project have witnessed a 

lifestyle that provides a glimpse of the past in terms of the climate, subsistence, 

village structure and the occupations defined along the traditional gender division 

of labour. The men at Kellis, like today’s Oasis dwellers, prepared and controlled 

the irrigation in the fields, harvested the many crops, tended the animal 

husbandry, constructed the mud-brick homes and were involved with trade within 

and beyond the Oasis (Molto 2001; 2002a). Females dominate the domestic 

program (gathering foods from their nearby gardens, food preparation, cooking, 

child rearing etc.) (Molto 2001; 2002a). According to McCurdy (2000) and 

Roberts and Manchester (2005) agriculture has been identified as one of the 

most dangerous occupations in past and present. The main difference between 

past and present populations is, of course, the fact modern populations are 
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mechanized, but the latter authors note that tending and utilizing (e.g., riding, 

plowing etc.) livestock and harvesting crops (e.g., grains, fruit, vegetables) 

results in trauma risks, particularly falls. It is worthwhile to note that falls are the 

predominant sources of farm related injuries (Armelagos and Cohen 1984). As 

farming in Kellis was primarily a male pursuit (Molto 2011; 2012a), females had a 

greater exposure to dangers within the village and home. As previously noted, 

the mud-brick home of Kellis sported steep stairwells with no supporting 

handrails. Although seemingly harmless, to an older woman with bone 

demineralization and a subsequent increased risk of fracture, these stairs may be 

a potential source of a fall, resulting in a hip and/or femoral neck fracture.  

The malintent trauma previously noted for the Kellis sample was probably 

a product of interpersonal conflicts, particularly in the males. As the Dakhleh 

Oasis was relatively isolated during the Roman occupation, warfare and intra-

population violence are not believed to be large contributors to the malintent 

trauma in the Kellis population. While there were instances of unhealed sharp-

force trauma to the ribs and vertebrae in two young adult males, most of the 

trauma involved the maxo-facial region of the skull, with several depression 

fractures on various cranial vaults being observed. The facial trauma involved 

several healed fractures of the nasal region, interpreted as due to fisticuffs. There 

were no facial fractures in the Kellis females, which shows that malintent trauma 

was predominantly found in males.  The depression fractures in the female 

crania were smaller and much fewer in number.  Overall the malintent trauma at 

Kellis is very low.  For example, Molto (2015) in his analysis of malintent trauma 

in the Las Palmas population of the Cape region of the Baja peninsula found over 

62% of males and 36% of females had traumatic wounds, mostly to the skull. In 

addition, in a skeletal collection from western Tennessee, 20.4% of individuals 

showed evidence of perimortem violence (Walker 2001). Considering that the 

Kellis subsample showed evidence of trauma in less than 4% of individuals, the 

overall prevalence of trauma within the population is low. 
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In this thesis trauma was reported both by skeletal element and by 

individual. Both methods provide useful constructs in understanding trauma risk, 

although the former is more problematic.  These elemental data are presented 

for use in comparative studies, as the majority of bioarchaeological research 

report trauma by element only, particularly skulls. Clearly reporting trauma risk by 

individual is more meaningful as it the individual who interacts with their 

environment. It also facilitates better control of key constitutional variables (i.e., 

age and sex), and the investigation of the multiple traumas when occurring on 

different skeletal elements. For example, many studies report only cranial trauma 

(Jurmain and Bellifemine 1997; Agnew et al., 2015) thus we do not know whether 

infracranial trauma was present in these skeletons.  As noted, cranial trauma is 

often thought to reflect interpersonal violence (Walker 2001; Molto 2015) the 

interpretation of skull trauma could provide misleading interpretations at the 

population level.  

The aging and sexing of the Kellis sample was done in blind. In this 

sample, sex determination was very accurate and precise (Molto 2001), and 

while age was determined using multiple aging methods, it is still problematic for 

older adults. Dividing the sample into three age cohorts (18-35, 36-50 and 51+) 

allowed some control over the age variable. As well, the odds ratio for testing 

prevalence of trauma was used as this statistic has the advantage of determining 

risk by the strength of association (e.g., X has a 10 fold risk of trauma than Y) not 

just by statistical significance. Moreover, the odds ratios can indicate statistical 

significance by utilizing the 95% confidence interval. A confidence interval may 

include unity (= non significance) but the actual value can indicate that the two 

variables being compared carry very different risks (e.g., A is 4 times more likely 

than B to experience a given trauma despite the small odds ratio).   

In terms of causality, the prevalence of skeletal trauma was organized into 

four broad categories: malintent, occupational, accidental and other (e.g., birth 

trauma). Obviously some interpretive problems arise in placing individual 

traumas into these categories, but with larger sample sizes herein some of the 
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interpretive errors may be minimized. Still, there are many confounding variables 

in the interpretation of trauma causality that require consideration. First, is the 

smoothing effect: a constant rate of trauma that occurs throughout the 

population. Waldron (1994) describes the smoothing effect as a period of relative 

frequencies that do not drop or peak but rather stay relatively the same due to 

the accumulation of samples over extended periods of time. As the Kellis sample 

spans 300 years the prevalence data do not necessarily reflect the fluctuations in 

trauma prevalence temporally. This may not be as problematic for the Kellis 

sample as the population has had a similar subsistence patterns and 

geographical location for millennia. Secondly, most traumas to the human body 

do not leave skeletal evidence. This greatly underestimates the true prevalence 

of trauma in past populations. Thirdly, all skeletal samples are by definition cross-

sectional (Waldron 2008), which can result is some interpretive problems. For 

example, the results show that females in the middle cohort (36-50) did not 

experience any head trauma though in the youngest cohort cranial trauma was 

present. This result is seen as stochastic due to the cross-sectional nature of the 

sample. Clearly the risks of having head trauma should be higher in the older 

cohorts, as the prevalence of a mortality sample is cumulative. A fourth 

confounding variable is the problem of determining when traumas occurred 

during an individual’s lifetime and in the event of multiple traumas, if they 

occurred during a single event (e.g., a major fall) or multiple events. Only cases 

where an individual has well-healed lesions, plus perimortem traumas, can we 

definitely indicate that there were separate events.  

The analysis of the Kellis sample has shown the importance of stratifying 

trauma data by age and sex. For example, if data were only organized by sex 

(males versus females without considering age) the overall fracture risk in the 

Kellis population was virtually the same between the sexes (OR of 1.3). This 

result was not significant. Both sexes showed that the ribs were the most 

common element affected by trauma. Yet when the prevalence data were 

organized by sex and age juxtaposed, it is clear that the similarities in overall 

prevalence are varying in terms of ultimate factors. The similar prevalence rates 
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in trauma between males and females when divided by age show major 

differences in trauma etiology, despite both sexes showing increasing trauma 

prevalence with age. For one, the male trauma pattern with age is more gradual 

than that of the females. Male trauma in the earlier age cohorts was much 

greater than females. Females in the oldest cohort had considerably more 

traumas related to osteoporosis, primarily because of the interaction of bone 

demineralization and their domestic environments (e.g., stairs), which increased 

their risk of bone fracture in the areas associated with osteoporosis syndrome 

(i.e., hips, vertebrae, ribs, and distal forearm bones). The fact that ribs were the 

most commonly affected bone type in both sexes is a moot point when it was 

shown that the males in the earlier age cohorts had greater risk of rib fractures 

due to occupational and/or interpersonal factors, whereas most of the rib trauma 

in the females occurred in oldest cohort due to osteoporosis. It is well known that 

falls are a major factor in the etiology of all rib fractures (Brickley 2006) but the 

falls between the sexes have to be interpreted in light of the different 

constitutional  (i.e., hormonal) and occupational risks.  

The pattern of skull trauma was also different in the males and females as 

males had significantly higher rates, which included facial trauma that was totally 

absent in the females. The underlying cause of facial (skull) trauma in males was 

due to interpersonal disagreements. In some cases the males showed unhealed 

sharp force trauma to both the ribs and the vertebrae presumably the result of 

interpersonal violence. No female exhibited sharp force trauma. Blunt force 

trauma to the cranium was present in both sexes but was most likely due to 

interpersonal violence in the males, although some cases may have reflected 

occupational and or accidental causes. Also some cases of blunt force trauma in 

female crania could reflect domestic violence, although in individual cases it is 

difficult to ascertain the proximate cause. It is noteworthy, however, that there is 

a least one case of infant/childhood trauma that reflects domestic violence in the 

Kellis population (Wheeler et al., 2013).  
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The Kellis data also showed that multiple fractures to the pelvic area 

(intertrochanteric, hip, and sacral), associated with osteoporosis, occurred only in 

the older females. The prevalence of 18% in postmenopausal women was 

virtually identical to the data reported by the WHO (2003) for modern western 

populations. Moreover, at least half (5/8) of the females with hip fractures died 

shortly after the event and of the 8 with hip fractures all but 1 had other 

osteoporosis related fractures. This constitutional (bone demineralization) factor 

obviously resulted in the high prevalence of females with multiple fractures in the 

oldest age cohort. No male had hip fractures that occurred in the oldest cohort, 

though, at least two sustained hip fractures in the younger cohorts, which were 

probably related to occupation, such as falls from donkeys, or consequent to roof 

collapses. The latter is found today and there are two Kellis individuals (an adult 

and a child) adjacent to each other in the cemetery with multiple and widespread 

unhealed lesions that could possibly reflect trauma from a collapsing roof. The 

contextual evidence as well as the extent of these individual’s injuries are 

indicative of a singular event.  

The interpretive results discussed in this chapter highlight the importance of 

stratifying data to create the most accurate representation of trauma patterns in 

ancient Kellis. If the data were not organized by age and sex then our 

understanding of the ecology of trauma in this population would be compromised 

and indeed incorrect. To illustrate, consider the similarities between the sexes. 

Males and females have insignificant differences in overall trauma, both show 

that overall trauma increases with age with both showing the highest prevalence 

in the older adults; ribs were the most common element with fractures, and the 

prevalence of multiple traumas were similar in males and females. However, 

these similarities are misleading because the etiologies of the fractures are very 

different for males versus females. When delineated by age and sex fracture risk 

in males is much greater than females before the 5th decade of life. Males have 

significantly higher rates of occupational and interpersonal (e.g., facial wounds) 

trauma. Males in the younger cohorts likely experienced multiple traumas due to 

farming activities whereas the majority of multiple fractures in females occurred 
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in the oldest cohort due to osteoporosis. Males, particularly in their early adult 

years, may also have been more prone to violence as a means of obtaining 

success, a phenomenon that can be classified as ‘testosterone violence’. The 

limited prevalence of trauma in young and early adult females relative to males is 

noteworthy and in general the risk of fractures for females in the two earliest 

cohorts is significantly lower than the males. With increasing age in the mid to 

late 40s women are more prone to fractures due to bone demineralization. A fall, 

which is the key cause of fractures in both men and women, particularly in the 

ribs, would not result in major fractures in young adult females but when they 

reach the menopausal years the same falls result in a number of major fractures. 

Though older (51+) female and male cohorts both have the highest prevalence of 

fracture, it is clear that the majority of fractures in females actually occurred in the 

oldest cohort whereas the male data represents an accumulation of trauma over 

the adult years. Males that sustained facial (i.e., broken nose) and other traumas 

in the earlier adult years would show these lesions if they died in their 50s or 60s. 

Older females with osteoporosis-related fractures in the hips, ribs, distal forearms 

and vertebrae, the so-called osteoporosis fracture syndrome, would necessarily 

endure these traumas in the oldest cohort. Noteworthy, is that there is no 

evidence of osteoporosis-related traumas in the older males, which is expected 

as Type I osteoporosis primarily affects females (WHO 2003). 

A study of the bone quality and quantity in relation to the bone fractures at 

Kellis has been conducted and corroborates the findings of this thesis. Teeter 

(2015) conducted a blind study of the osteo-volumetric analysis of the 1st 

metatarsal using human remains from the Kellis cemeteries located in the 

Dakhleh Oasis, Egypt (50-450 AD). Males and females were found to have 

different osteo-volumetric density patterns and an inverse relationship between 

age and the estimated bone mineral densities (BMD) for females was far more 

pronounced than what is seen in males from the same population. The MT1s 

from 8 post-menopausal females (the same individuals identified in this study as 

having osteoporosis fracture syndrome) yielded BMD results consistent with the 

WHO recommendation for diagnosing osteoporosis, <-2.5 standard deviations 
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from the ‘healthy’ adult female bone density mean (Teeter et al.,2015). These 

results corroborate the earlier assumption that osteoporosis was the main 

contributor to increasing fracture risks in post-menopausal females. Germane to 

this information is that no females under the age of 40 presented evidence of low 

bone density or osteoporosis-related fractures (ibid). As noted, males did not 

experience the same demineralization rate as females in the Kellis sample 

population, which would explain a decreased susceptibility to radial, hip and 

vertebral fractures when compared to females.  

The relationship between bone mineral density and the outcome of an 

osteoporosis-related injury can be explained in terms of an underlying pathology 

leading to increased bone fragility and susceptibility to unintentional falls. Given 

the rugged terrain of the Oasis in addition to the multi-level homes that 

individuals lived in during the Roman occupation of Kellis, it is not difficult to 

visualize how everyday tasks such as climbing the stairs could have resulted in 

traumatic and perhaps fatal accidents in females during the later decades of life.  

7.2 Conclusions  

This study has utilized data from an ancient Roman period population in the 

Dakhleh Oasis that has an enormous amount of bioarchaeological, historical and 

paleo-ecological data to assist in reconstructing the environment that the ancient 

Kellans inhabited. The skeletons from the Kellis population were single 

interments that had ideal preservation and representation due to hyperarid 

conditions. Few studies have this luxury. From this research on trauma, a 

number of conclusions can be advanced.  

1. When possible, all research on trauma should use the individual as the 

unit of investigation as skeletal elements by themselves lead to a limited 

understanding of trauma in past societies. 

2. All future studies, when possible, should organize trauma data by age 

and sex; amalgamating comparative data by sex without regard to age, 

would result in serious interpretive errors (in this study Type II errors). 
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3. Understanding the paleo-ecology of all populations is necessary in order 

to place the trauma and other paleoepidemiological data in context. With 

these data we had the luxury of both a living population and an 

environment similar to that of the ancients Kellans and understanding 

the risks presented to them in this hostile desert.  

4. Quantitative analyses of trauma should use the odds ratio, which is 

commonly utilized in modern clinical and epidemiological studies. 

However, there are many other statistical tests that can be used such as 

multiple regression and person years constructs-the key to quantitative 

analyses rests with the overall sample sizes. When samples have poor, 

or unknown provenience, coupled with a small size, the results would be 

very speculative.  

7.3 Future Research 

Future research on this sample should include comparative studies with other 

populations. However, as noted, most research report data by element, not by 

individual, which makes hypothesis testing extremely problematic. For example, 

the excellent recent dissertation by Glencross (2002) though sophisticated 

statistically, only reported data on long bones, whereas many others only report 

data by skulls (Walker 1989; Jurmain and Bellifemine 1997; Jurmain et al., 2009). 

These studies often do not, or cannot, control the age variable very 

systematically, which was done herein using multiple methods.  

Future studies must make greater use of clinical and epidemiological data. 

The clinical data help us to understand the etiology of fracture patterns. For 

example, the cases of humeral varus deformity noted herein are most likely due 

to birthing trauma and possibly the use of midwives (Molto 2000). Using the 

paleopathology literature alone would have resulted in a misdiagnosis of 

mucopolysaccrodosis (Molto 2000; Ortner 2000). The clinical literature is best 

suited to analyzing individual cases of trauma before the population data can be 

amassed. Another potential source for fracture interpretations would be the 

kinesiology data on trauma in sports. In university and professional sports all 
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injuries are examined thoroughly (e.g., x-rays etc) which provides a large 

database to examine the behaviours causing fractures. As noted, the fracture 

data in paleoepidemiology greatly underestimates the true prevalence of the 

behavioural events leading to trauma because bone is not commonly affected. 

For example, hockey players often get hit in the ankles by slap shots – but 

maybe it takes 50 events (the shot in the ankle) to produce 1 fracture. Too, if it 

takes 25 fights to produce a broken nose, then comparing the fracture 

prevalence in two samples could easily result in a Type 2 error because the 

fracture rates were not adjusted for the behavioural data. It is important to 

emphasize that it is the behaviour causing the trauma that we are most 

interested in. Such data could prove useful for predicting the behaviours behind 

the events rather than the fracture prevalence itself. Another potential source of 

data to help interpret fracture prevalence would be collecting information on the 

modern agrarian Dakhleh population. The Dakhleh Oasis Project has a 

physician, Dr. Peter Sheldrick, who is well-connected with the Dakhleh 

population, including local physicians, and has the confidence of the local 

population. Amassing such data on the modern Dakhlans, a population that is 

gradually modernizing, would provide the litmus test for the interpretations of 

trauma in the ancient inhabitants of the Oasis.   

Finally, it is important to note the emergence of a new investigative 

approach within the discipline known as the ‘bioarchaeology of care’ (Tilley 2012) 

which, can be used to better understand the ‘lived human experience’ by inferring 

past life ways from human remains that exhibited some form of pathology. 

Recently, I applied this technique in a research paper focusing on an older Kellis 

female (K2 191) who had survived a major hip fracture. This individual suffered 

from an intertrochanteric fracture that while healing developed into a 

pseudoarthropy, which allowed for mobility. The extensive healing present at the 

injury site indicates that this individual lived for several years after the fracture 

event (Figure 9). Even today hip fractures in postmenopausal females are a 

major source of morbidity and mortality with survival rates dependent on 

immediate surgical intervention following the event (Nevitt et al., 2005). The fact 
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that this Kellis female was able to survive for what appears to be a considerable 

amount of time (just how long is indeterminant) may be testimony for care in the 

Christian Kellis community. Focusing on the level of direct care (i.e., was the 

injured individual supplied with appropriate necessitates such as food, water and 

medical treatment) and indirect care (who cared for this individual) provides 

insight into the plight of people who like those in present day, had to deal with 

diseases and traumas that challenge quality of life and overall life expectancy 

(Agarwal and Glencross 2011). Integrating this approach within the realm of 

paleoepidemiological statistics should be a major focus of our discipline in future. 

Such a focus will bring modern clinical practitioners and paleoepidemiologists 

even closer, thus fulfilling the ultimate goal of interdisciplinary work in 

paleopathology. 
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