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ABSTRACT 
 
 

In the past several decades, interest in skeletal epigenetic traits has waned, with the last 

major study taking place in 2001. Researchers have yet to establish a consensus of the nature of 

these traits or the mechanisms behind them. This research reassesses the claims of previous 

studies: that these traits are inherited and consistent across populations, and that age and sex do 

not affect the expression of these traits. To test these claims, frequency data was collected for 43 

cranial epigenetic traits across 174 African American crania of the Hamman-Todd skeletal 

series. Chi-square and Fisher’s Exact tests were utilized to determine if any statistically 

significant trait frequency differences appeared between males and females, those below and 

above the age of 40, and individuals born in northern and southern U.S. states, as well as those 

born outside of the United States. The results are unable support any claims about age or sex 

differences present in cranial epigenetic traits, but lends some support that the frequency of traits 

is consistent across a given population. Further research must take a biocultural approach to 

investigate potential biochemical, skeletal, and environmental factors behind cranial epigenetic 

traits in order to establish a more accurate understanding of the nature of these traits. 
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CHAPTER I 
 

INTRODUCTION 
 
Statement of Purpose 

 Epigenetic traits observed in the human skeleton, particularly in the human cranium, has 

a long history of exploration. Investigations have focused on epigenetic traits as genetic or non-

genetic markers across time and space. Some studies have focused of cranial epigenetic variation 

with age, between sexes, among groups, and within families or other social units.	One of the last 

major attempts to investigate the usefulness of these traits in defining populations was a four-

part, global study conducted by Hanihara and Ishida in 2001. This research was one of the 

broadest studies on epigenetic traits to date, but it was limited in its ability to solve lingering 

questions about the underlying nature of these traits. As of today, it remains not fully understood 

how each of these traits form, what elements contribute to the variation in expression, and how 

much ancestry, sex, age, or other potential factors play a role in the presence of these traits.  

To begin addressing these unanswered questions, the present study is structured to revisit 

the original premises put forth in the first studies of cranial epigenetic as outlined in Berry and 

Berry (1967), which pulls heavily from the early work on epigenetic traits in mice by Grüneberg 

(1963) and Truslove (1961), and family studies conducted by Montagu (1937), Suzuki and Sakai 

(1960), and others. Berry and Berry (1967) suggest that cranial epigenetic traits are inherited, 

show no difference in expression between sexes or across age group. They did observe the 

presence of cranial traits to be consistent within groups (“a given race”) (Berry and Berry 

1967:361).	

This is not the first study to revisit Berry and Berry’s (1967) findings, and no concrete 

conclusions have yet been made about the nature of these traits in the published literature. In 
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addition to addressing the observations by Berry and Berry and others, the present research also 

investigates the efficacy of using these traits to explore biological distance between populations, 

if any of the above observations are reproduced here. 

The structure of this study is analogous to many of the previous studies on this topic 

(Kellock and Parsons 1970a, 1970b; Ossenberg 1970; Corrucini 1974; Hanihara and Ishida 

2001a, b, c, d). Forty-three selected epigenetic traits of the skull were observed across a sample 

of crania of known group affiliation, age, and sex. For reasons of access, the Cleveland Museum 

of Natural History’s Hamman-Todd collection offered the best opportunity to collect the data for 

this project. From this collection, traits from 174 crania, listed as “Black” and of known place of 

birth, were collected and analyzed using Chi-square and Fisher’s Exact tests. The data was 

divided among five groups: northern and southern, northern and foreign born, southern and 

foreign born, male and female, and individuals under the age of 40 and individuals aged 40 and 

above.  

The aim of these divisions was to address the major goals of the project: 1) determine 

what, if any differences in trait frequencies existed within this population, 2) establish the nature 

of any differences that may exist, and 3) relate the frequency results for this particular sample 

group with the larger body of knowledge regarding cranial epigenetic traits. To address these 

goals, the primary null hypothesis to be tested purports that there are no statistically significant 

differences in the presence of cranial epigenetic traits between any of the sample groups.  

Following the conclusions of this study, the results will be compared with similar 

research in order to clarify how this study supports or contradicts previous findings, what 

questions have been answered, if any, what new questions have arisen, and potential paths of 

inquiry for future research. In order to understand the research context in which this study takes 
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place, the major studies regarding skeletal epigenetics and new biochemical research on the 

epigenome are reviewed in the following chapter, followed by the results and a discussion of the 

significance of the findings of the present research. The outcome of this investigation expects to 

demonstrate that traits are consistently distributed throughout a given, closely-related population, 

and that sex and age are not factors affecting the expression of cranial epigenetic traits.  
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CHAPTER II 
 

 BACKGROUND AND LITERATURE REVIEW 
 
 

 The epigenetic processes were first defined as the “causal interaction between genes and 

their products which bring the phenotype into being” (Waddington 1968:242). Since 

Waddington’s first exploration of the subject, the study of these processes and their products has 

developed in its perception of these phenomena as a whole.  Epigenetics, in the modern 

understanding, is defined as "stably heritable phenotype resulting from changes in a chromosome 

without alterations in the DNA sequence" (Berger et al. 2009:781). This new definition adds an 

understanding of the mechanisms of epigenetics that Waddington’s original definition lacked. 

This new understanding has expanded the study of the epigenetics far beyond the genomes and 

phenotypes of fruit flies in which the field had its origin.  

Those who study the epigenome investigate a wide array of phenotypes and their 

emergent properties, including, but not limited to, various cancers, obesity, and mental health 

disorders, as well as human skeletal variation (Berry and Berry 1968; McEachern and Lloyd 

2011; Lee et al. 2010). Within the study of human skeletal variation, the presence or absence of 

cranial epigenetic traits has been explored as means of characterizing or differentiating human 

populations, though no consensus has been established in the anthropological community 

regarding their efficacy at this time. These traits have been defined differently by different 

researchers, however, for the purposes of this study they are defined broadly as discrete, 

morphological skeletal variations. 

This study aims to revisit the question of cranial epigenetic trait origins and create a 

preliminary framework to begin to addressing the larger questions about the efficacy of cranial 

epigenetic traits in the study of human variation. To accomplish this, the study first determines if 
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there are differences in the frequency of epigenetic traits between five separate sample groups. It 

then seeks to explain the results through an understanding of the phenomena controlling 

epigenetic expression. To foster a comprehension of the greater context in which this study takes 

place, a brief overview of previous work completed on cranial epigenetic traits, epigenetic 

mechanisms, and current research on how environmental and social factors interact with those 

mechanisms is presented here. 

	
Previous Studies 

The earliest work on cranial epigenetic traits assumed that the expression of these traits 

were controlled by something similar to genetic mechanisms, but did not display typical 

Mendelian segregation patterns. Building off of the work of Conrad Waddington, the early 

studies referred to these traits “epigenetic”. With time, epigenetic traits became defined more and 

more as “discrete traits”, speaking to the absence of a consensus at the time of these studies. 	

In the early 1900’s, there were a number of studies conducted in which many of the traits 

observed in future research would be defined (Akabori 1933; Oetteking 1930, 1956; Le Double 

1906, 1903; Dixon 1904; Lilie 1917; Chouké 1946,1947; Keyes 1935; Boyd 1930). In addition 

to these, Russell (1900) appears to be the first to suggest that they could be used to explore 

biological distance between human populations. One of the most notable works was that of 

Frederick Wood-Jones, who defined 104 non-metrical traits on the human skull in four 

publications (1930-1933).  

Several years later, research on epigenetic traits observed in mice provided the 

foundation for investigating epigenetic traits in the human skull. Berry and Searle (1963) 

explored the frequency of 49 epigenetic traits throughout the skeletons of 10 different species of 

rodents. They found that some traits were present in varying frequencies across all species, 
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whereas others were only present in a single species. The results of this study were unclear, 

because of uncertainty about whether the trait frequencies differed by mere chance or if they 

were the result of selective forces.  

R.J. Berry completed a follow up study one year later (1964). This research compared 

incidences of epigenetic skeletal variants in house mice populations from eleven different 

localities on the British Isles and nine other places across the world. Berry found that as little as 

70 years, two varieties of mice, one present on the Welsh island of Skokholm and another from 

the Scottish island of May, differed notably in the expression of epigenetic traits from their 

British mainland counterparts. This was attributed to the particular characteristics of the 

founding populations of the mice on Skokholm and May. From this, Berry asserted that, these 

traits were heritable and remained consistent within geographically isolated populations of mice. 

These findings suggested that similar skeletal traits found in humans would also be a reliable 

means of characterizing populations. 

 Building off of the research conducted in 1963, R.J Berry and A.C. Berry completed the 

first transcontinental study of cranial epigenetic traits in the human skull (1967). The study was 

conducted in the British Museum of Natural History and at University of Cambridge and sought 

to classify skulls of all the major “races” (as per the authors) by way of cranial epigenetic traits. 

Berry and Berry examined 585 adult crania from eight different geographical regions, including 

South America, North America, Burma, Northern India, Nigeria, Palestine (modern), Palestine 

(Lachish), and Egypt. Each skull was observed and recorded 30 traits. Twenty-five traits were 

previously described by Wood-Jones (1930-1933) and Brothwell (1963). The remaining traits 

were identified in Gray’s Anatomy and defined by the investigator for the first time for this 

study.   
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The distribution of the frequency of traits was similar to previously published frequencies 

for North America, Burma, Northern India, Palestine (modern), and Palestine (Lachish) 

((Brothwell 1963; Berry 1967). The frequencies among South American and African populations 

had some discrepancies, especially in (Brothwell 1963; Berry 1967). One explanation proposed 

to account for the observed differences may have been the result of differences in definitions of 

some traits by different researchers (Le Double 1906; Russell 1900). Additional findings 

included a greater likeness observed between the Egyptian and the Nigerian sample than the 

Egyptian and the Palestinian samples (Berry & Berry 1967). Together, these observations 

suggest that geographical proximity does not necessarily lead to “epigenetic” similarity. Their 

study also found their North American Indian sample was the most divergent in terms of trait 

frequencies. The authors suggest that perhaps this was caused by sampling a single tribe, limited 

in its distribution and descended from only a few founders. It’s important to note that Berry and 

Berry do not separate males and females in the representation of their findings, because the 

results did not indicate any sex differences in trait expression. 

In addition to analyzing trait frequencies across several populations, Berry and Berry also 

investigated inter-trait correlations within this sample. They calculated correlation coefficients 

for 378 pairs of traits from 99 Egyptian skulls and found only 10 pairs of traits were significantly 

correlated with each other, but none were highly significant. They note that since four traits 

would be expected to correlate by chance, and that an additional four significantly correlated 

traits are located in the lambdoid suture, this indicates very little inter-trait interactions.  

The authors conclude that epigenetic traits have advantages over craniometrics because 

of the lack of age, sex, and inter-trait correlations, the quick and simple means of scoring the 

traits, and on the grounds that epigenetic traits better reflect genetic differences when statistical 
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tests are applied to the data. Overall, Berry and Berry (1967) presented the scholarly community 

with foundational data on which new studies of cranial epigenetic traits in human populations 

could compare and contrast themselves.  

 In 1970, Ossenberg observed 28 traits in 78 crania from a single Hopewell burial mound 

in Illinois. Twenty-nine of the crania exhibited bifronto-occipital remodeling leaving 49 showing 

no evidence of of cranial remodeling. Ossenberg used the definitions of Berry and Berry (1967), 

Akabori (1933), Oetteking (1930), Laughlin and Jørgensen (1956), Le Double (1906, 1903), 

Dixon (1904), Wood-Jones (1931), Lilie (1917), Brothwell (1963), Bartels (1904), Chouké 

(1946,1947), Keyes (1935), De Villiers (1968), and Boyd (1930). The results of Ossenberg’s 

study indicated cranial remodeling has a hypostotic effect on the frontal and occipital regions of 

the skull and a hyperostotic effect on the lateral portions of the skull, and concluded that these 

cranial traits are representative of a “plastic” response to the environment, asserting that they 

were not simply genetic traits passed down from generation to generation, but also responded to 

environmental factors. For this reason, Ossenberg asserted that remodeled crania should not be 

used in studies of biological distance using epigenetic traits.  

Kellock and Parsons (1970a, 1970b) conducted two studies, the first aimed at establishing 

trait frequencies for 1254 Australian Aboriginal crania, using the traits defined by Berry and 

Berry (1967). In a follow up study, the authors compared Australian Aboriginal data to data from 

a previous study with crania from Melanesia and Polynesia (Kellock and Parsons 1970b). In an 

effort to assess affinities among the samples observed, the authors found affinities between 

northern Australian and Polynesian populations, and between western Australian affinities with 

Melanesian populations (Kellock and Parsons 1970b). Their findings were in conflict with the 

assumed patterns of migration accepted at the time (Kellock and Parsons 1970a; Birdsell 1967), 
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and left further conclusions tentative. The authors point out that, as with previous studies, the 

accuracy of their findings depends on further research to explore the mechanisms behind the 

expression of these traits. 

 Corrucini (1974) set out to analyze the utility of discrete traits in defining populations 

within another sample, positing that the traits were not sufficiently tested for accuracy and 

should be reevaluated. He compared 72 discrete traits in 321 Black and White human skulls from 

the Terry Collection at the Smithsonian Institution. This set of traits was pulled from a wider 

array of studies (Berry and Berry 1967; Brothwell 1959, 1963; Anderson 1962, 1963; Jantz 

1970; Wood-Jones 1931; Kellock and Parsons 1970; Ossenberg 1970; Buschan 1898; Akabori 

1939; and Bass 1964, 1971).  It should be noted that in Corrucini’s study that many of the traits 

analyzed were not considered epigenetic traits by other studies, such as gonial eversion and the 

sharpness of the nasal sill. 

The study found 19 of 61 traits differed significantly in male and female White crania, 

while only nine traits differed significantly in Black crania. There was also a difference in the 

pattern of sex-related traits between White and Black samples. In the White crania, the most 

differences are seen in frequencies of frontal grooves, palatine torus, and accessory mylohyoid 

foramen. In the Black crania, mastoid foramen and bifaceted condyles show the greatest 

difference. Corrucini discusses the potential effects of age on trait expression, stating that twice 

as many age-dependent traits appear than would be expected by random error. His findings on 

frequencies between the sexes and ages contradict the findings of Berry and Berry (1967). From 

these results he concludes that the efficacy of discrete traits in defining populations is overstated 

and that they are best used in comparison to or in conjunction with craniometric data, barring 

further discoveries. 
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The focus of Corrucini’s research was revisited in the early 2000's by two anatomists. 

Hanihara and Ishida (2001a, b, c, d) completed a massive study of epigenetic traits across more 

than 80 different global populations. They were very selective in the traits that they examined, 

grouping them by supernumerary ossicles, hypostotic, hyperostotic, and vessel and nerve traits. 

The results were presented across four different published articles, each focusing on the 

frequency of particular traits across the global population. The traits examined as 

"supernumerary ossicles" were the ossicle at lambda, parietal notch bone, asteronic bone, and 

occipitomastoid bone. The results indicated that Australians, New World peoples, western 

portions of the Old World, and Sub-Saharan Africans had high frequencies of these traits, while 

Asian and Artic populations had the lowest frequencies (Hanihara and Ishida 2001a). 

 Hanihara and Ishida (2001b) address the occurrence of hypostotic traits: tympanic 

dehiscence (also known as foramen of Huschke), ovale-spinosum confluence, metopism, 

biasteronic suture, and transverse zygomatic suture vestige. The results revealed several clinal 

variations in the presence of traits. For example, there is a south to north clinality of the ovale-

spinosum in eastern Asia, with central, south and western Asia having low frequencies (Hanihara 

and Ishida 2001b: 718) This is flipped in North America, with samples nearer farthest north 

having the low frequencies.(Hanihara and Ishida 2001b: 719) Additionally, Hanihara and Ishida 

did not find significant side differences, with exception to the ovale-spinosum confluence, but 

the latter are are not consistent across populations (Hanihara and Ishida 2001b:718). The authors 

use these findings to support the idea that these traits are representative of ancestry and useful for 

categorizing groups. They also find some differences in frequencies between the sexes in 

tympanic dehiscence, and argue for some sort of general sexual dimorphism present in discrete 

traits (Hanihara and Ishida 2001b:718). Overall, the authors posit that both the general clines and 
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pockets of distinctive frequencies support a genetic mechanism behind these traits (Hanihara and 

Ishida 2001b). 

 Paired with the aforementioned papers is Hanihara and Ishida's (2001c) study of a select 

group of hyperostotic traits. Like their previous research, this inquiry looks at a small number of 

traits (7) across a very large, global sample. They examined the medial palatine canal, 

hypoglossal canal bridging, precondylar tubercle, condyles tertius, jugular foramen bridge, 

auditory exostosis, and mylohyoid bridging. For this study, they utilized Pearson's R and Fisher's 

exact tests. In the same fashion as the previous study, the results indicate some significant 

asymmetry and some inter-trait correlation, but none which are consistent across all populations 

(Hanihara and Ishida 2001c:251). There is also evidence of a difference in trait frequency related 

to sex (Hanihara and Ishida 2001c:253). Further, there are also interregional clines and 

differences between regions, suggesting genetic drift as one of the mechanisms at work in 

shaping trait expression (Hanihara and Ishida 2001c:261). 

 Finally, Hanihara and Ishida (2001d) explore the frequency of what they define as vessel 

and nerve related traits. These are the patent condylar canal, supraorbital foramen, accessory 

infraorbital foramen, accessory mental foramen. This study uses the same statistical methods as 

the first two studies (Hanihara and Ishida 2001a, 2001b). The authors found some inter-trait 

correlations in different regional communities, sexual dimorphism in the appearance of the 

patent condylar canal, supraorbital foramen (more predominant in females) and accessory 

infraorbital and mental foramina (more prominent in males) (Hanihara and Ishida 2001d: 274, 

280). The results also show a temporal shift in expression of accessory infraorbital and mental 

foramina between Neolithic and modern populations in northeast Asia, indicating again that 

founder effects and genetic drift are potential mechanisms behind epigenetic trait expression 
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(Hanihara and Ishida 2001d:280). Unlike the studies previously discussed (Berry and Berry 

1967; Kellock and Parsons 1970a,1970b; Ossenberg 1970; Corrucini 1974), the results indicate 

interregional clines and intraregional discontinuity in the expression of traits. Hanihara and 

Ishida conclude their series of studies stating that the data suggest that the expression of discrete 

cranial traits is at least partially controlled by retention or intensification of "ancestral patterns" 

(Hanihara and Ishida 2001d:273). They state that they are unsure whether this is genetic, 

ecological, related to adaptation, or associated with demographic backgrounds.  

 Hanihara and Ishida’s research reveal that we still know very little about what influences 

the expression of each of the discrete cranial traits. As the studies progress through time, 

researchers stop referring to the traits as epigenetic in nature. It is unclear why this change 

occurred, but it is possible that a lag in research on skeletal epigenetics during the mid and late 

1900's encouraged researchers to resist calling the traits epigenetic until further evidence was 

acquired. Research on epigenetic expressions in the skeleton has stalled, but biochemical studies 

investigating the actual epigenome have undergone a massive increase in attention (Meloni and 

Testa 2014). This biochemical research offers a new perspective on the potential origins of 

cranial epigenetic traits, as well as the numerous elements that may affect their level of 

expression (Franz-Odenal 2011). 

Epigenetic Mechanisms 

The new discoveries of the epigenetic factors involved in bone formation give us the 

needed information to make connections between older anatomical studies and more recent 

biochemical research (Franz-Odenal 2011).  That is not to say that there are no uncertainties 

surrounding the epigenetic factors involved in bone formation. These processes are complex and 

occur at many different stages in bone development (Franz-Odenal 2011). It gives us 
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significantly more information than those who conducted similar studies. For this reason, 

researchers are hesitant to draw firm conclusions about the actual mechanisms behind specific 

phenotypic expressions awaiting further research.  

There is epigenetic influence for which we have good evidence. According to Franz-

Odenal (2011:195), “developmental processes are epigenetic if they can be understood only in 

terms of interactions that occur above the gene level.” During embryonic skeletal development, 

there are multiple instances of these above-genome interactions. First, when cells begin to 

migrate from their point of origin to the site of osteogenesis and chondrogenesis, the cells must 

interpret signals from the extra cellular matrix. The extracellular matrix controls the speed, 

timing, direction and final destination of migration using molecules that either impede or 

promote migration (Franz-Odenal 2011:200). During the process of migration, tissue interactions 

occur, where a particular cell type factor interacts with the travelling cell. These interactions give 

the travelling cell information about what its next actions are (Franz-Odenall 2011: 201). 

Subsequently, cells are arranged into a condensation formation, which determines the size and 

shape of the skeletal elements. Finally, the cells condense and form bone or cartilage (Franz-

Odenal 2011:202). Many of the genes that control the final steps of skeletogenesis are known. 

What is not known is how epigenetic mechanisms may influence the expression of those genes, 

which in turn can produce novel phenotypic outcomes. 

The types of varied morphological appearances have been categorized as: hypostotic 

traits, hyperostotic traits, supernumerary ossicles, and vessel or nerve related traits (Ossenberg 

1970; Hanihara et al. 2003). Hypostotic traits are those that have resulted from stunted or 

incomplete osseous development, such as metopism. Hyperostoic are those that have resulted 

from excess ossification, typically the ossification of areas that typically remain as cartilage, 
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such the mylohyoid bridge (Ossenberg 1970:358).  Supernumerary ossicles are bony ossicles not 

typically found in an ideally developed cranium, including lambdoidal and sagittal ossicles 

(Hanihara and Ishida 2001a:690). Vessel and nerve traits are apertures and pathways for the 

nervous and circulatory systems within the skeleton, such as supraorbital foramen (Hanihara and 

Ishida 200d:274). 

Researchers have reached a better understanding of all of the factors defining skeletal 

epigenetic traits on a biochemical level. Recent research within genetics has further uncovered 

the mechanisms behind the epigenome, and thus the mechanisms that create varied skeletal 

phenotypes. These mechanisms are listed under the umbrella terms of cortical inheritance and 

genomic imprinting (Hall 2011; McEachern and Lloyd 2011).  This overview of epigenetic 

mechanisms does not focus solely on mechanisms known to associate with skeletal development.  

In the the interest of a comprehensive summary of known mechanisms, and because epigenetic 

processes are involved in the earliest stages of development, all well-described epigenetic 

mechanisms are discussed below (Franz-Odenal 2011). 

Cortical inheritance refers to the transmission of information through organelles in the 

cortical cytoplasm. This was first witnessed by Beisson and Sonneborn (1965) during 

reproduction of the paramecium. The paramecium is a unicellular organism which reproduces by 

binary fission. During some reproductions, Beisson and Sonneborn noted that a portion of the 

cytoplasm and organelles of one division were acquired by those of the other (Beisson and 

Sonneborn 1965). Through further experiments, Beisson and Sonneborn discovered that if 

correct divisions occurred after this "mutation" then it would be passed on in the next division 

(Beisson and Sonneborn 1965:280).  
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Genomic imprinting is a process in which a portion of an individual’s genome is 

“marked” or “silenced”, and this epigenetic state is passed on to their offspring. The mechanisms 

at work in genomic imprinting include DNA methylation, histone modification, noncoding RNA, 

and RNA interference. DNA methylation suppresses the expression of the affected portion of 

DNA by converting cytosine bases into 5-methylcytosine. When the methyl groups are present 

on the promoter of a gene, it often leads to transcriptional repression, or a lack of expression of 

that gene (Hall 2011:12; Phillips 2008). These methyl groups can silence a particular allele, a 

gene cluster, or whole chromosomes (McEachern and Lloyd 2011). The placement of 5-

methylcytosine across the genome can be reproduced through transcription. Thus, these patterns 

of gene expression, not just allele presence, can be passed on to their offspring. This can result in 

a transcription deletion of the gene from one parent, leaving only the gene of the other. While the 

nucleotides themselves are not being altered, major phenotypic changes occur when DNA 

methylation occurs on a particular portion of the genome (McEachern and Lloyd 2011). 

Another major mechanism is histone modification. This process restructures DNA which 

results in the silencing of certain genes. All DNA is wound around protein structures called 

nucleosomes, which are made up of four different histone proteins (McEachern and Lloyd 2011). 

Methylation, or other chemical modifications to the histone sequences, can alter the chromatin 

structure and impact the expression of affected portions of the genome. There is evidence that 

DNA methylation and histone modification work together to influence the higher order 

chromatin structure and maintain particular epigenetic states, with each capable of influencing 

the other. (McEachern and Lloyd 2011:44; Fuks 2005:490; Vaissiere et al. 2008:40). 

The role of RNA in epigenetic processes is centered on non-coding RNA (ncRNA) and 

RNA interference (RNAi) (McEachern and Lloyd 2011:44). Non-coding RNA is RNA that does 
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not code for proteins, but has its primary function as a gene regulator. Non-coding RNA affects 

gene expression both through RNAi mediated pathways and independent of RNAi (McEachern 

and Lloyd 2011:45). If utilizing RNAi mediated pathways, gene regulation occurs after 

transcription, where ncRNA is broken down into small RNAs and guide the degradation of 

mRNA or by inhibiting its transcription of particular portions of the genome (McEachern and 

Lloyd 2011:44).  This can result in the silencing of genes. Alternatively, it can occur during 

transcription with small RNAs assisting chromatin modifications that also inhibit transcription. 

This affects protein synthesis and may be linked to histone and higher chromatin modifications 

(McEachern and Lloyd 2011:44).  The exact functions of ncRNA are still unclear, but it appears 

to be tied to other epigenetic mechanisms such as DNA methylation and histone modification 

(Bernstein and Allis 2005; Matzke and Birchler 2005; Zaratiegui et al. 2007).  It seems that these 

mechanisms work in concert with one another. RNA influences both DNA methylation and 

histone modifications, while these both appear to have some affect on each other. This crosstalk 

between mechanisms makes it particularly difficult to pick apart the exact role of each 

(McEachern and Lloyd 2011; Vaissiere et al. 2008). 

Despite this, new research has shown that DNA methylation and histone modification can 

be linked to a myriad different aspects of human variation. Factors such individual body weight, 

susceptibility to diseases such as diabetes or endometriosis, musculoskeletal traits, and some 

types of cancer have all been linked back to epigenetic changes to the human genome (Sharma et 

al. 2010; Herrera et al. 2011; Villeneuve et al. 2011; Guo 2009; Hanihara and Ishida 2001a, b, c, 

d).  As stated above, genomic imprinting is characterized by receiving different transcription 

patters from one parent, which can result in receiving only one allele, gene cluster or whole 

chromosome (McEachern and Lloyd 2011). An example of this is Prader-Willi syndrome. Those 
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with the syndrome received seven silenced genes on chromosome 15 from their father. Prader-

Willi is characterized by low muscle tone, hypogonadism, short stature, obesity, and mental and 

behavioral problems.  (Cassidy 1997; McEachern and Lloyd 2011). Prader-Willi syndrome is an 

example of a phenotypic change as a result of transgenerational inheritance of an epigenetic state 

(Prembrey et al. 2006).  

The field of neuroendocrinology, especially, is making strides in linking experience and 

behavior with the influence of hormones.  Researchers have found that epigenetic changes can 

occur from a wide variety of environmental effects. Work conducted in recent years has shown 

direct evidence that child-mother interactions in mice shape offspring phenotype and behavior, 

including inheriting the phenotypes of mice raised in certain social conditions (Champagne et al. 

2003; Fairbanks 1989; Fairbanks and McGuire 1988; Meaney 2001; Dell and Rose 1987). 

A study on mice has shown that increased levels of corticosterone have a demethylation 

effect on the gene Fkbp5, which has been tied to certain psychiatric disorders (Lee et al. 2010). 

The increase in the stress hormone caused the mice to exhibit anxiety-like behavior, and 

increased the expression of the gene via the decrease in DNA methylation (Lee et al. 2010).  

Further studies have investigated what researchers have considered social stress in mice. 

Gudsnuk and Champagne (2012) found a range of social stressors, such as prenatal stress, 

maternal separation, abuse during infancy, and adult social stress cause variations in DNA 

methylation and histone modification. There is a time of heightened sensitivity to these 

environmental factors in the prenatal period and early infancy, but it appears that this may also 

have continued effects in adulthood. In the rodents studied, a wide array of factors and behaviors 

created elevated levels of corticosterone in pregnant mice, these included physically restraining 

the mice, loud noises, bright lights, manipulation of the social environment, and predator odors 
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(Weinstock et al. 1988). Research suggests that fetuses exposed to these high levels of maternal 

corticosterone with have their own phenotypes altered. These offspring show "depressive-like 

and anxiety-like" dispositions, decreased fitness in and exploration of new environments, and 

low mobility and activity levels (Barbazanges et al. 1996; Weinstock 2008). Their research fits 

well with what is known about the epigenome and theories about transgenerational inheritance of 

epigenetic states. 

As outlined above, there has been research on the ways in which stress affects particular 

genes associated with psychiatric disorders, obesity, and cancer.  While there are preliminary 

biochemical studies investigating mechanisms behind skeletal development, there are no studies 

investigating what particular environmental factors affect the genes controlling skeletogenesis or 

what exact DNA methylation patterns or histone modifications might be behind skeletal 

epigenetic traits. Gerard Karsenty (1999) suggests that the reason for the lack of research on the 

development of the skeleton is that studies of the skeleton been less attractive to biochemists and 

geneticists than other aspects of development. Given the wide array of genes that DNA 

methylation and histone modification do affect, it seems unlikely that the genes associated with 

the development of the skeleton of would be exempt from such factors.  

On the basis of this assumption, one can suggest the interaction between the human body 

and the environment, has the potential to alter the growth and development of skeletal structures 

in a tangible manner, through one of the many potential mechanisms discussed above. How 

might different types of stress (social, nutritional, physical) affect development? Are markers 

identifying different lived experiences and environments present in the form of cranial epigenetic 

traits? How does the aging process or sex-related hormones affect the expression of cranial 

epigenetic traits? 
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These are central questions asked by this study. Those who were born and raised in 

different physical and sociopolitical climates, as is the case with the sample considered here, 

would have had different interactions with their environment. Additionally, males and females 

may also have different ways of responding to external factors throughout development. 

Alternatively, skeletal changes are known to occur during process of senescence. It is possible 

that the appearance of these traits could be affected by the aging process. One must also not 

dismiss that these traits may simply be inherited from parents to child via transferred epigenetic 

“states”. This study aims to see if these different environments and factors altered the skeletal 

phenotypes of a set sample crania in a significant manner, and to use the above background 

information to position the findings appropriately in the greater context of the academic 

literature. 
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CHAPTER III  
 

MATERIALS AND METHODS 
  
 
Materials 
 
 The traits observed and analyzed in this study were collected from crania of the 

Hamman-Todd skeletal collection, housed at the Cleveland Museum of Natural History. The trait 

frequencies were collected visually over the course of one week in the museum’s physical 

anthropology laboratory. The Hamman-Todd collection was first assembled by Carl August 

Hamann at The Western Reserve Medical School. As Hamann’s career developed, he began to 

build an anatomical teaching museum (Kern 2006). This effort signaled the beginning of the 

assembly of the Hamann-Todd collection. The collection was expanded after T. Wingate Todd 

took over Hamann’s position at the university. At the time of his arrival, the collection had 100 

human skeletons. Todd was able to acquire more than 3,000 additional contemporary human 

skeletons during his tenure. The vast majority of these remains were unclaimed bodies from the 

Cuyahoga County Morgue (Kern 2006). Todd and his assistants catalogued the remains with 

important demographic data, including age, sex, country or state of origin, and race. The nature 

of this study requires a reliance on the accuracy of the biographical information as provided by 

Todd and colleagues.  

 Using the museum’s digital database, a list of all crania listed as “Black” was acquired. 

The individual specimen used in this study were then defined by place of birth, and divided into 

groups according to the hypotheses of this study. These groups included African Americans born 

in northern states, African Americans born in southern states, and other individuals listed as 

“Black” that were born outside of the United States. The criteria for differentiating northern and 

southern states of birth were the state’s affiliation during the American Civil War. States that 
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were considered free states during the Civil War were categorized as northern states, while those 

that became part of the Confederacy were grouped together as the south. Samples were also 

taken from the border states of Maryland, Delaware and West Virginia. These were grouped with 

northern states because a large number (half, in some circumstances) of the African Americans 

in these states were free during which the sample population was alive (Takagi 1999). 

Categorizing the samples by place of birth, 106 individuals from the south were selected for the 

study, focusing mostly on samples from Alabama, Georgia, and South Carolina. Of the samples 

with northern states listed for their place of birth, only 59 were present in the museum. All of 

these were included in the study. As another means of comparison, all of the samples listed as 

“Black” and being born outside of the United States were also included, totaling nine individuals.  

 A breakdown of the demographics of the population examined from the north here are as 

follows: Washington, D.C. (N=5), Illinois (N=4), Indiana (N=2), Massachusetts (N=2), Michigan 

(N=1), New Jersey (N=3), New York (N=4), Ohio (N=18), Pennsylvania (N=5), Rhode Island 

(N=1). There is a bias toward individuals living in Ohio, specifically Cleveland, Ohio. Included 

in the calculations with northern states were those listed as border states. As stated above, it is 

more reasonable to group these with the north, rather than the south, given that most of the 

African American populations occupying these areas were free by 1890, which is roughly the 

average year of birth for all samples. The numbers of individuals from these states are: Maryland 

(N=7), Delaware (N=1), West Virginia (N=6). 

 The southern sample can be broken down as such: Alabama (N=26), Arkansas (N=5), 

Georgia (N= 32), Louisiana (N=2), Mississippi (N=11), North Carolina (N=1), South Carolina 

(N= 17), Virginia (N=11). This sample group is more balanced than the northern sample, but still 

has a bias leaning toward the area of Alabama and Georgia. Finally, the sample of individuals 
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from outside the United States is quite small and well spread out, but mostly balanced between 

the countries represented: Canada (N=3), Ethiopia (N=1), Jamaica (N=1), Poland (N=1), 

Switzerland (N=1), West Indies (N=2). 

 The ages of the individual specimen were selected based on availability of crania listed as 

“Black” and having a documented placed of birth. A large spread of ages from late teens into late 

70’s was collected, with an average age of 39. In the same manner, the the number of individuals 

of each sex was also determined by availability of crania fitting the other demographic 

requirements of the study. Overall, 67 females and 107 males were collected. 

 Once the samples were selected, the presence or absence of each trait was collected by 

visually examining the crania. The status of the trait was marked on an Excel spreadsheet as each 

specimen was examined. Prior to the conclusion of the study, every 3rd skull was reexamined in 

order to assure accuracy in the data recorded. All of the skulls could not be reexamined because 

of time constraints. 

 The sheet on which records were collected was modified from the WSU-BAL collection 

sheet. Many of the traits were transposed from this data collection sheet to the one used in this 

research, however, because of the difficulty in finding cited descriptions of some traits, there are 

some differences between the two documents. The electronic collection sheet differs from the 

original WSU-BAL sheet in that the marginal foramen, supratrochlear foramen, marginal 

tubercle, palatine torus (removed during data collection), pharyngeal fossa, and superior sagittal 

sinus turns left are not listed. These traits are not mentioned in the foundational literature for this 

project, and thus were not included. 

 The means of determining whether a trait is present or absent remains the same between 

the two documents. Traits which are determined as being present are marked with a “1” and 
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traits determined to not be present are marked with a “0”. However, because epigenetic traits are 

developmentally controlled, these traits often appear on a gradient of size and shape. Attempting 

to accurately quantify the range of expression of each trait is a task that is beyond the scope of 

this project, so the size or level of expression of a trait was not considered for analysis. Rather, if 

there were any questions about the presence or absence of a trait, it was marked with a “Q” on 

the data collection sheet. These undetermined traits are not considered as part of the sample for 

both the measurement of general trait frequency or the statistical analyses, but they do offer an 

opportunity for future research in issues regarding the potential of scaling the expression of 

epigenetic traits. 

 The protocol for collecting trait frequency for each individual was as follows: Upon 

arriving to the workspace provided by the Cleveland Museum of Natural History, a computer 

with the electronic data collection sheet was set up, and a list of specimens matching the criteria 

for this project was pulled from the museum’s database. The northern sample was collected first, 

by selecting individuals from the list whose birthplace was listed as a state which had been part 

of the Union. The specificity of the place of birth differed between individuals, with some having 

the city listed, but most just the state. Ohio, and Cleveland in particular, is the largest portion of 

this group. After establishing the list of specimens, database information about each specimen, 

including age, sex, place of birth, and date of birth were transposed to the electronic data 

collection sheet. Then, using the collection number for each specimen, it was retrieved from the 

collection shelves in the order in which it appeared in the database, and visually analyzed. The 

analysis of each cranium proceeded in the order in which the traits appear on the collection sheet, 

beginning with the left, medial lambdoidal ossicle(s) and ending with the right occipital condylar 

facet double, marking the presence or absence of the trait before moving on to the next. All of 
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the specimen from Union states present in the collection were collected. After all of the northern 

samples were collected, the same procedure was followed for the collection of southern samples 

and foreign born samples. Photos were taken of traits that were unclear or interesting examples. 

Size of the trait was not a concern, but rather presence or absence, so scales were not used 

consistently. All of this data was collected over the course of four days. On the fifth and final 

day, because of time constraints, every third skull was pulled from the list and reexamined to 

double check the accuracy of of the data. 

 

Methods and Research Design 

To address the questions presented in chapter I, the frequencies of 43 epigenetic traits, 

counting right and left expressions of the trait, were collected from 174 crania. The descriptions 

of each trait are found below. Each trait listing consists of both the right and left expression of 

the trait (if applicable). Citations for the original description of the trait follow the definitions of 

all traits. Additionally, photographic examples of each trait can be found in the Appendix.	

	
• Lambdoid ossicle-medial (Right and Left): One or more ossicles may occur in the 

lambdoid suture. Up to about twelve distinct bones may be present on either side 

(Berry & Berry 1967: 366). 

• Lambdoid ossicle- lateral (Right and Left)- See above 

• Parietal foramen (Obellionic) (Right and Left)- This pierces the parietal bone near the 

sagittal suture a few centimeters in front of the lambda. It transmits a small emissary 

vein, and sometimes a small branch of the occipital artery (Berry & Berry 1967: 366). 

• Mastoid foramen (extrasutural) (Right and Left)- When present, the mastoid foramen 

usually lies in the suture between the mastoid part of the temporal bone and the 
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occipital bone. Less frequently it lies extrasuturally, piercing the mastoid part of the 

temporal bone, or, more rarely, the occipital bone (Berry & Berry 1967: 368). 

• Coronal ossicle (Right and Left)- Ossicles are sometimes found in the coronal suture 

(Berry & Berry 1967: 367). 

• Epiteric bone (Right and Left)- A sutural bone (the epiteric bone or pterion ossicle) 

may be inserted between the anterior inferior angle of the parietal bone and the 

greater wing of the sphenoid. When large it may also articulate with the squamous 

part of the temporal bone (Berry & Berry 1967: 367). 

• Fronto-temporal articulation (Right and Left)- Normally the frontal bone is separated 

from the squamous part of the parietal bone by the greater wing of the sphenoid and 

the anterior inferior angle of the parietal bone. Occasionally the frontal and temporal 

bones are in direct contact, forming a fronto-temporal articulation (Berry & Berry 

1967: 367). 

• Parietal notch bone (Right and Left) - The parietal notch is that part of the parietal 

bone that protrudes between the squamous and the mastoid portions of the temporal 

bone. It may form a separate ossicle which is known as the parietal notch bone (Berry 

& Berry 1967: 368). 

• Ossicle at Asterion (Right and Left)- The junction of the posterior inferior angle of 

the parietal bone with the occipital bone and mastoid portion of the temporal bone is 

known as the Asterion. A sutural bone may occur at this junction (Berry & Berry 

1967: 368). 

• Ossicle in mastoid suture (Right and Left)- Ossicle found in the mastoid suture 

(Hanihara and Ishida 2001a: 690). 
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• Foramen of Huschke (Right and Left) - This is a foramen occurring in the floor of the 

external auditory meatus. It is always present in young children but only occasionally 

does it persist after the fifth year. It is most easily scored from the inferior aspect of 

the tympanic part of the temporal bone (Berry & Berry 1967: 368). 

• Anterior condylar canal double (Right and Left) - This canal (foramen hypoglossi) 

pierces the anterior part of the occipital condyle and transmits the hypoglossal nerve. 

Embryologically the nerve originates from several segments and this may result in the 

canal being divided into two for part or all of its length. This is most easily scored by 

looking inside the foramen magnum (Berry & Berry 1967: 368). 

• Supraorbital foramen complete (Right and Left) - The supraorbital foramen transmits 

the supraorbital vessels and nerve. It is frequently incomplete (or open). In this case it 

is often described as a 'supraorbital notch' (Berry & Berry 1967: 369). 

• Frontal foramen (Right and Left) - A well-defined secondary foramen in the vicinity 

of (usually lateral to) the supraorbital foramen has been scored as a frontal foramen. 

Frequently, a cluster of tiny foramina is present, but these have been ignored. 

However, scoring was inevitably somewhat arbitrary in a few borderline cases (Berry 

& Berry 1967: 369). 

• Suture into infraorbital foramen (Right and Left) - The course of the infraorbital canal 

may be marked externally both in the orbital floor and on the facial surface of the 

maxilla by the infraorbital suture. The infraorbital canal is situated in the floor of the 

orbit. It originates occasionally from the inferior orbital fissure, but usually from a 

groove beginning there, which is covered by an osseous roof after a variable distance. 

This posteriorly thin osseous riff increases in thickness anteriorly, and according to its 
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thickness at the orbital margin the distance between the later and the infraorbital 

foramen varies (Hauser and De Stefano 1989:67). 

• Mylohyoid bridge (Right and Left) - From the mandibular foramen situated on the 

inside of the ramus mandibulae a mylohyoid groove (sulcus) of variable depth leads 

obliquely downward and anteriorly. This groove may be covered by an osseous roof 

of varying length and is thus transformed into a canal. The formation of such a canal 

may begin at the upper end of the groove, it may begin only in the central part of the 

groove, and it rare instances, also a combination of both. (Hauser and De Stefano 

1989:234). 

• Accessory mental foramen (Right and Left) - On the external surface of each side of 

the mandible generally in the area below the premolars, and most frequently below 

the apex of the second premolar is situated the mental foramen. The foramen may 

vary with respect to its position, its shape and size, it may be double or multiple with 

varying distances between the apertures, and in rare instances may even be absent 

(Hauser and De Stefano 1989:230). 

• Os Japonicum (Right and Left) - The zygomatic bone is divided by one or two sutures 

it is named os japonicum, this name having originally been given to a bipartite form 

only (Hauser and De Stefano 1989:222). 

• Occipital condylar facet double (left and right) - Size, position and shape of the 

condyles show great variation and so does their surface. This surface is an articular 

surface, which in the living is covered by cartilage, and is smooth, but it may be 

divided partially or completely into an antero-medial and postero-lateral half. The two 

parts are of approximately equal size and the dividing area generally separating them 
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is characterized by a rough surface at a deeper level and be sharp edges separating it 

from the smooth articular surface (Hauser and De Stefano 1989:116). 

• Ossicle at lambda - A bone may occur at the junction of the sagittal and lambdoid 

sutures (the position of the posterior fontanelle). We have described this as an ossicle, 

and made no attempt to distinguish between a sutural bone in this position, and a 'true' 

interparietal or Inca bone formed from the membraneous part of the occiput. 

According to Wood- Jones this latter is very rare (Berry & Berry 1967: 365). 

• Inca bone - An approximately transverse suture divides the occipital squama in the 

position of the highest nuchal line, the part above this suture is name a complete Inca 

bone. This can also be divided by longitudinal sutures to make bipartite, tripartite or 

multipartite Inca bones (Hauser and De Stefano 1989: 99). 

• Sagittal ossicle - Ossicles located in the sagittal suture (Hauser and De Stefano 1989: 

84) 

• Occipital condylar canal double- Behind the occipital condyle there is a depression of 

variable depth, the condylar fossa. In this fossa frequently exists an aperture which 

corresponds to the external orifice of the condylar canal. The aperture may vary in 

size and shape, it may be divided by a thin bony bridge, it may be double, but it may 

also be absent. If the canal is present and is not ending blind, its inner orifice is 

generally situation close to medial edge of the jugular foramen. The canal has a 

postereo-anterior direction, is slightly medially convex and crosses the hypoglossal 

canal which runs in a medio=lateral direction. Very rarely the condylar canal may 

open into the hypoglossal canal (Hauser and De Stefano 1989:114-115) 
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• Bregmatic bone (Right and Left) - A sutural bone (the bregmatic or interfrontal) may 

occur at the junction of the sagittal suture with the coronal one (the position of the 

anterior fontanelle) (Berry & Berry 1967: 367). 

• Metopism - The medio-frontal suture disappears within the first two years of life. In a 

few individuals it persists throughout life: this condition is known as metopism (Berry 

& Berry 1967: 367). 

	
To test the different factors influencing cranial epigenetic expression, the sample was 

divided into groups comparing northern and southern crania, northern and foreign crania, 

southern and foreign crania, male and female crania, and crania of those under 40 years of age 

and those 40 and over. During analysis, the traits for each comparison group were then 

subdivided into four regions of the cranium to ease in the identification of potential patterns. 

These regions are defined as: The anterior-calvarium region (upper portion frontal bone and 

parietal bones), occipital region (occipital bone and portions of the cranial base), lateral (inferior 

temporal line through temporal bone, portions of the sphenoid), facial (supraorbital region to 

mandible). Using this approach in concert with statistical methods, the results of the analysis 

speak to the following project goals: 

1. Determine what, if any differences in trait frequencies existed within this sample. 

2. Establish the nature of any differences that may exist. 

3. Relate the results for this sample with the larger body of knowledge regarding cranial 

epigenetic traits.   

For this study, the null hypothesis to be tested is that there are no statistically significant 

differences in the presence of cranial epigenetic traits between any of the sample groups. There 

will be failure to reject this hypothesis if the statistical differences fail to be significant at 𝛼 ≤ .05 
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for 50% or more of the traits of any given comparison. The alternative hypothesis statement 

reads: there are statistically significant differences in the presence of cranial epigenetic traits 

between any of the sample groups.  

If there is failure to reject the null hypothesis, depending upon which of the five sample 

groups it references, it likely indicates one or more of the following: 1) these populations have 

not been separated long enough for genetic drift to occur, and/or their environments or growth 

and development patterns were not different enough to produce statistically significant 

differences, 2) cranial epigenetic traits are not controlled by mechanisms associated with aging, 

3) sex does not play a notable role in cranial epigenetic trait expression, or 4) the expression 

cranial epigenetic traits are affected by some unknown mechanism or set of mechanisms. 

 If the null hypothesis is rejected, depending on depending upon which of the five sample 

groups it references, it may indicate one or more of the following: 1) these differences are 

because of genetic drift between the two populations, and/or these differences are the result of 

different environmental experiences between the groups, 2) factors related to age play a role in 

the expression of cranial epigenetic traits, 3) cranial epigenetic traits are sexually dimorphic, or 

4) any of the above factors or additional factors are at play in the expression of cranial epigenetic 

traits.  

 

Analytical Methods 

After the data was collected and cleaned, it was analyzed using two statistics: chi-square 

tests and Fisher’s exact test. These tests were conducted first with consideration for the 

geographic separation between different specimens. Next, the data was analyzed according to sex 

and age.  First, using Microsoft Excel, the total frequency of traits was determined within each of 
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the northern, southern and foreign born groups. These were represented both as fractions (total 

present/total number of specimens) and as percentages. These were recorded and saved in the 

same Excel file as the original data, but on a separate sheet within the program. Next, 

contingency tables were created in another sheet within the file, using the frequency data from 

the previous sheet. Rows of contingency tables were categorized as “northern vs. southern”, 

“northern vs. foreign”, “southern vs. foreign”, “male vs. female”, and “under 40 vs. 40 and 

over.” 

 The statistics for each pair were then conducted. Each of the two aforementioned 

statistics were calculated using Excel’s formula functions. Initially, chi-square tests were 

selected because the parameters and assumptions of the test were appropriate for testing the 

hypotheses of this project. These include the data consisting of nominal values with associated 

proportional attributes. The data fits into the test’s assumption that the observations are 

independent of one another. However, as the analysis was being conducted, it became apparent 

that the numbers of expected values were too small (>5) for a chi-square test to produce an 

accurate p-value for the frequency data in question. The analysis of the groups was completed 

and is outlined in detail in the following chapter, but the p-values associated with the chi-square 

tests have been disregarded with interest to the conclusions of this project. 

 The chi-square tests were complemented by two-tail Fisher’s exact test. Fisher’s exact 

test has the same assumptions as chi-square, but is much more suitable for this dataset because of 

the small sample size. While chi-square tests are appropriate for large samples of nominal data, 

Fisher’s exact test is more accurate when the total sample size is smaller than 1,000 (McDonald 

2009). This makes it a more accurate means of assessing the whether the differences in cranial 

epigenetic expression between our aforementioned groups is statistically significant.  
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 Fisher’s exact test was conducted using Excel from the previously constructed 

contingency tables. The p-values geographic groups were conducted first, comparing all traits 

from northern individuals with those of the south and foreign born, then those from the south 

with foreign born, as well. The same procedure was followed while comparing males and 

females, and under 40 and 40 and over. The results (p-values) for all of these tests calculated in 

separate workbooks, but were collected and saved in the same Excel document as the raw data, 

frequencies and contingency tables, for ease of viewing and referring back to previous 

calculations. 

After all of the calculations were completed, the significant p-values were identified for 

each trait for each group. The number of significant values were compared then between groups, 

and examined in light the background research and literature previously discussed. The 

hypotheses presented in this project were then evaluated in light of results. Possible explanations 

for the results within the context of this study were outlined and weighed in detail, as will be 

expounded on in forthcoming chapters. 
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CHAPTER IV 
 

RESULTS 
 

 
 The results of the statistical tests indicate that there are few statistically significant trait 

differences between all groups analyzed. In the Chi-square analysis, the group with the most 

significant differences was the male and female comparison. Southern and foreign born, and 

northern and foreign born groups followed, differing by one significant trait. Northern and 

southern comparison resulted in the fourth most differences. The comparison between age 

groups resulted in the fewest significant frequency differences.  With the exception of the 

northern and southern group, the comparisons analyzed using Chi-square tests produced more 

significant differences than those using Fisher’s Exact test. This is likely because of the ability of 

the Fisher’s Exact test’s capacity to work with smaller sample sizes and thus this test was better 

able to accurately assess the differences between traits frequencies for a given group. 

 
Frequencies 
 
 Trait frequencies vary greatly both between traits and across groups. Most traits have low 

presence across all groups, and no traits exceed 66% presence in any group. These frequencies 

can be broken down by four cranial regions: Anterior calvarium (upper portion frontal bone, 

parietal bones), occipital (occipital bone, foramen magnum, portions of the cranial base), lateral 

(inferior temporal line through temporal bone, portions of the sphenoid), facial (supraorbital 

region to mandible). It should be noted that these divisions are for convenience purposes only, 

and do not necessarily reflect developmental patterns of cranial development.  

 In the anterior calvarium region, the traits with the highest presence, and highest presence 

of all traits, is the left and right parietal foramina. As observed in Table 2, foreign born 
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individuals have the highest incidence of both the right and left version of this trait (66.67%). 

Both right and left coronal ossicles and metopism are completely absent in this group. The 

bregmatic bone is very rare in this group, with the highest frequency at 1.64% of crania in the 

northern samples. There is a nearly identical pattern of expression of the sagittal ossicle in this 

category, as well. 

 
Table 1. Epigenetic Trait Frequencies: Geographic Groups- Anterior Calvarium 

Trait Northern Southern Foreign 
Sagittal Ossicle 1.67% 0.99% 0.00% 
Parietal Foramen-L 51.67% 47.12% 66.67% 
Parietal Foramen-R 55.74% 55.88% 66.67% 
Bregmatic bone 1.64% 0.98% 0.00% 
Coronal Os-L 0.00% 0.00% 0.00% 
Coronal Os-R 0.00% 0.00% 0.00% 
Metopism 0.00% 0.00% 0.00% 

 

Crania of the “under 40 years” age group exhibit ten percent greater incidence of right 

parietal foramina than do crania over the age of 40 years (Table 3). There is a similar split (8%) 

between the younger and older groups for left parietal foramina. Both crania above and below 

the age of 40 had no examples of coronal ossicles or metopism. There were low frequencies of 

sagittal ossicles across both age divisions, with both the older and younger groups having 

relatively equal incidences. Crania exhibiting a bregmatic bone were only found in individuals 

over the age of 40. 

 
Table 2. Epigenetic Trait Frequencies: Below 40 and 40 Above- Anterior Calvarium 

Trait 40> 40+ 
Sagittal Ossicle 1.04% 1.35% 
Parietal Foramen-L 53.06% 45.33% 
Parietal Foramen-R 60.82% 50.67% 
Bregmatic bone 0.00% 2.67% 
Coronal Os-L 0.00% 0.00% 
Coronal Os-R 0.00% 0.00% 
Metopism 0.00% 0.00% 
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Males and females show less dimorphism overall in the appearance of the left and right 

parietal foramina than the other two group, as demonstrated below (Table 4) and in the two 

preceding tables.  Furthermore, Table 4 shows that both males and females in this study have low 

frequencies of sagittal ossicles, with little difference in expression between the two. The 

bregmatic bone is only found in male crania of this sample. 

 
Table 3. Epigenetic Trait Frequencies: Males and Females- Anterior Calvarium  

Trait Male Female 
Sagittal Ossicle 0.96% 1.52% 
Parietal Foramen-L 50.94% 47.76% 
Parietal Foramen-R 55.24% 57.58% 
Bregmatic bone 1.89% 0.00% 
Coronal Os-L 0.00% 0.00% 
Coronal Os-R 0.00% 0.00% 
Metopism 0.00% 0.00% 

 

Comparisons across groups for the anterior calvarium region, show that northerners, 

males, and those below 40 years of age have similar frequencies for left and right parietal 

foramina—51%-60% (Tables 2,3,4). There were low incidences of bregmatic bones and sagittal 

ossicles (~1%) across all samples, and no examples of metopism or coronal ossicles within any 

group. 

 Table 4 illustrates the frequencies of traits of the occipital region of the cranium within 

the geographically divided populations. All lambdoidal ossicles are similar in expression within 

the southern group (12%-16.85%). There are much larger gaps in frequency of the lambdoidal 

ossicles in the other two groups, the largest difference being found the foreign born between 

right medial lambdoidal ossicle or ossicle at Lambda--both at a frequency of 11.11%-- and left 

lateral lambdoidal ossicle, which is found in 44.44% of foreign crania. Overall, the northern 

samples have fewer of all of the lambdoidal ossicles than either the southern or foreign crania 

samples.  
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  In the lower portion of the vault and the cranial base, epigenetic traits around the the 

mastoid processes for northern, southern, and foreign born are also outlined in Table 4. The 

frequency of the left and right extrasutural mastoid foramina across all three groups in higher 

than any other traits in this region of the cranium. The highest being for left extrasutural mastoid 

foramina in the foreign sample (66.67%). Ossicle at Asterion on the left and right sides, left and 

right ossicles in the mastoid suture and foramina of Huschke on the left and right all show no real 

recognizable frequency patterns between northern and southern groups. There are no examples 

of the traits mentioned above in the foreign born crania. The occipital condylar facets double on 

both the right and left show a notably higher frequency in foreign crania (44.44%) when 

compared with the other two groups. For this same trait, the highest frequency seen outside of 

the foreign group was 10.20% in the southern group. 

 
Table 4. Epigenetic Trait Frequencies: Geographic Groups- Occipital   

Trait Northern Southern Foreign 
Lamb Os Med-L 11.67% 12.00% 22.22% 
Lamb Os Med- R 3.33% 12.00% 11.11% 
Lamb Os L-L 6.56% 13.00% 44.44% 
Lamb Os L-R 1.64% 14.85% 33.33% 
Os @ Lambda 6.56% 16.83% 11.11% 
Inca Bone 0.00% 3.92% 22.22% 
Mastoid Foramen Extra-L 42.62% 23.30% 66.67% 
Mastoid Foramen Extra-R 34.43% 28.16% 44.44% 
Os @ Asterion-L 1.67% 2.94% 0.00% 
Os @ Asterion-R 8.33% 6.86% 0.00% 
Os in Mast Sut-L 3.28% 1.94% 0.00% 
Os in Mast Sut-R 1.64% 0.98% 0.00% 
Foramen of Huschke-L 3.77% 8.00% 0.00% 
Foramen of Huschke-R 5.45% 6.12% 0.00% 
Ant Con Can Double-L 10.34% 9.62% 0.00% 
Ant Con Can Double-R 3.39% 8.65% 0.00% 
Occip Con Facet D-L 7.14% 8.16% 44.44% 
Occip Con Facet D-R 5.45% 10.20% 44.44% 
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The frequency of traits across age groups for the occipital region is outlined in Table 5. 

For lambdoidal ossicles, there are small differences in expression between those below the age of 

40 and above the age of 40, the largest being for the right lateral lambdoidal ossicle (6.34%), but 

with an average difference of 2.8% between all lambdoidal ossicles across both groups (Table 5). 

This similarity is not represented in the Inca bone, which is only present in individuals younger 

than 40. The left and right extrasutural mastoid foramina are the most frequent traits that across 

both age groups. There is a notable gap in expression of the right extrasutural mastoid foramina. 

It’s present in 25% of crania over the age of 40 and 36% in those under the age of 40 (Table 5). 

 
Table 5. Epigenetic Trait Frequencies: Below 40 Years and 40 Years and Above- Occipital  

Trait 40> 40+ 
Lamb Os Med-L 13.54% 10.96% 
Lamb Os Med- R 10.42% 6.85% 
Lamb Os L-L 12.37% 12.00% 
Lamb Os L-R 8.33% 14.67% 
Os @ Lambda 12.37% 13.51% 
Inca Bone 5.66% 0.00% 
Mastoid Foramen Extra-L 31.63% 33.33% 
Mastoid Foramen Extra-R 36.08% 25.00% 
Os @ Asterion-L 3.13% 1.33% 
Os @ Asterion-R 6.32% 7.89% 
Os in Mast Sut-L 2.06% 2.78% 
Os in Mast Sut-R 1.05% 1.33% 
Foramen of Huschke-L 8.51% 2.94% 
Foramen of Huschke-R 7.37% 3.03% 
Ant Con Can Double-L 11.34% 6.76% 
Ant Con Can Double-R 8.25% 4.00% 
Occip Con Facet D-L 5.43% 15.49% 
Occip Con Facet D-R 9.78% 11.43% 

 

The traits around the mastoid processes and cranial base have varied levels of expression 

in Table 5. Ossicles at Asterion are similar in expression between the two age groups, but are 

more frequent on the right side of the cranium. Ossicles in the mastoid suture is rare in all groups 

and on all sides. Foramina of Huschke and anterior condylar canals double both are more 

frequent in the younger group on both sides (Table 5). This trend flips for the occipital condylar 
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facets double, with a higher frequency in the older crania for both the right and left, although the 

difference between younger and old frequencies is small for the right version of the trait. 

 The comparison for males and females in the occipital region is illustrated in Table 6. 

The lambdoidal ossicles are overwhelmingly more frequent in males of this sample, with the 

exception of the ossicle at lambda which is more frequent in males only by a small margin 

(1.21%). The same divergence in expression is found when looking at incidences of the Inca 

bone, which is found exclusively in male crania of this sample, though at low rates (Table 6). 

 
Table 6. Epigenetic Trait Frequencies: Males and Females- Occipital  

Trait Male Female 
Lamb Os Med-L 18.27% 3.08% 
Lamb Os Med- R 12.50% 3.08% 
Lamb Os L-L 17.92% 3.03% 
Lamb Os L-R 16.03% 3.08% 
Os @ Lambda 13.33% 12.12% 
Inca Bone 5.66% 0.00% 
Mastoid Foramen Extra-L 40.19% 19.70% 
Mastoid Foramen Extra-R 35.84% 23.88% 
Os @ Asterion-L 1.89% 3.03% 
Os @ Asterion-R 8.49% 4.62% 
Os in Mast Sut-L 2.80% 1.52% 
Os in Mast Sut-R 0.00% 1.54% 
Foramen of Huschke-L 5.83% 6.78% 
Foramen of Huschke-R 5.88% 5.08% 
Ant Con Can Double-L 9.52% 9.09% 
Ant Con Can Double-R 4.72% 9.09% 
Occip Con Facet D-L 12.87% 4.84% 
Occip Con Facet D-R 15.00% 3.23% 

 

The trend of higher male expression of traits in this region continues as we move toward 

the base of the cranium. There are high general frequencies of the extrasutural mastoid foramina 

for both sexes, but it is notably higher males. Trait frequencies balance out between the sexes 

throughout the rest of this region, with small differences. Notable differences include exclusive 

expression of ossicles in the right mastoid suture in females and the occipital condylar facets 



	 	39	

double, which continue to be more frequent in male crania. Overall, more traits of all types in 

this region are present in the male crania of this sample.  

Across all three groups, the traits with the highest incidence in the occipital region were 

the right and left mastoid foramina. Additionally, across all groups, the occipital region has the 

most variance in frequencies of any portion of the cranium for this study. Generally, this region 

shows balanced frequencies between age groups, a more traits present in male crania and both 

the highest and lowest frequencies of any traits in the foreign sample (Table 6). 

The next regions to consider are the lateral portions of the cranium, consisting of lower 

sections of the parietal bones below the inferior temporal line and the temporal bone. The 

geographic group frequencies for these sections of the cranium are found in Table 7. For the 

traits appearing in this area, the foreign sample has the most notable frequency differences. Right 

epiteric bones, and left and right frontal temporal articulations are found in 11.11% of foreign 

crania. However, there are no left epiteric bones or any examples of parietal notch bones found 

in these same crania (Table 7). 

 
Table 7. Epigenetic Trait Frequencies: Geographic Groups- Lateral  

Trait Northern Southern Foreign 
Epiteric Bone-L 3.39% 0.99% 0.00% 
Epiteric Bone-R 3.39% 2.02% 11.11% 
Front-Temp Art-L 1.72% 1.98% 11.11% 
Front-Temp Art-R 5.17% 2.02% 11.11% 
Parietal Notch-L 0.00% 0.99% 0.00% 
Parietal Notch-R 0.00% 1.02% 0.00% 

 
  

The differences between northern and southern crania in Table 7 are small, but have the 

largest divergence in the left epiteric bone and right frontal-temporal articulation. The southern 

sample was the only sample to have any expression of the parietal notch bone, though its 

frequency is very low. Overall, both the highest and lowest frequency of all traits is seen in the 
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foreign sample. There are few major differences in expression between the northern and southern 

crania, outside presence of parietal notch bones in the southern crania. All frequencies are low 

across all both northern and southern groups (Table 7). 

This region shows a distinct divide in expression across age groups. Table 8 displays 

higher frequencies for epiteric bones and frontal-temporal articulation than in those above 40, 

which has no crania expressing the epiteric bones or left frontal-temporal articulation. In 

contrast, incidences of the parietal notch bone are exclusive to the group over 40 years of age. 

There is an overlap in expression for the right frontal-temporal articulation, but, it is found more 

frequently in the younger sample than the older sample (Table 8). 

 
Table 8. Epigenetic Trait Frequencies: Below 40 and 40 Above- Lateral  

Trait 40> 40+ 
Epiteric Bone-L 3.16% 0.00% 
Epiteric Bone-R 5.32% 0.00% 
Front-Temp Art-L 4.26% 0.00% 
Front-Temp Art-R 5.38% 1.39% 
Parietal Notch-L 0.00% 1.35% 
Parietal Notch-R 0.00% 1.37% 

 
 
Male and female differences, as seen in Table 9, have some patterns of expression. 

Female crania display higher frequencies of the epiteric bones, with male frequencies resting 

around 1%-2% and females at 3%-5%. Males, however, show greater incidences of frontal-

temporal articulations, with females having no expression of the right frontal-temporal 

articulation in this sample. Finally, males have no crania expressing parietal notch bones, while 

females have low frequencies of the trait for both sides (Table 9). 

 
Table 9. Epigenetic Frequencies: Males and Females- Lateral  

Trait Male Female 
Epiteric Bone-L 0.95% 3.03% 
Epiteric Bone-R 1.90% 4.84% 
Front-Temp Art-L 2.88% 1.56% 
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Table 9. (continued)   
Trait Male Female 

Front-Temp Art-R 5.77% 0.00% 
Parietal Notch-L 0.00% 1.56% 
Parietal Notch-R 0.00% 1.64% 

 
 
In the lateral regions of the cranium, within all groups observed, frequencies were for 

these traits were ~5% or less, with the exception of the foreign sample. Southern born, female, 

and those above 40 were the only groups to have parietal notch bones present in any crania. 

Overall trends in this region are hard to determine, but this area does appear more polarized, in 

that there are a number of traits that are only present or absent in one sample group (Table 9). 

Finally, the facial region, one may find supraorbital foramina complete, frontal foramina, 

Os Japonicum, sutures in the infraorbital foramen, accessory mental foramina, and mylohyoid 

bridges. As shown in Table 10, within the northern, southern, and foreign born samples the 

supraorbital foramen complete is the trait expressed most frequently. The left supraorbital 

foramina were present in almost half of the foreign crania, 33.9% of northern crania, and 23.3% 

of southern crania. In contrast, right supraorbital foramina are present slightly more often in the 

northern sample than in the foreign sample, with the south still having the fewest examples 

(Table 10). 

 
Table 10. Epigenetic Trait Frequencies: Geographic Groups- Facial  

Trait Northern Southern Foreign 
Supraorbital foramen-L 33.90% 23.30% 44.44% 
Supraorbital foramen-R 25.00% 17.31% 22.22% 
Frontal Foramen-L 4.92% 9.71% 0.00% 
Frontal Foramen-R 9.84% 8.74% 0.00% 
Suture in InfraOrb For-L 8.33% 1.94% 11.11% 
Suture in InfraOrb For-R 11.86% 3.88% 0.00% 
Mylohyoid Bridge-L 15.79% 17.35% 25.00% 
Mylohyoid Bridge-R 8.33% 14.43% 0.00% 
Acc Mental For-L 4.92% 2.97% 0.00% 
Acc Mental For-R 8.20% 4.90% 33.33% 
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Table 10. (continued)    
Trait Northern Southern Foreign 

Os Japonicum-L 0.00% 0.00% 0.00% 
Os Japonicum-R 0.00% 0.98% 0.00% 

 

The foreign sample has no crania expressing frontal foramina, while there are similar 

levels of expression between northern and southern samples, with the largest margin being 

4.79% in the left frontal foramina. Sutures in the left infraorbital foramen are most common in 

the foreign group, followed by the northern, with the southern group having the fewest crania 

expressing the trait. The opposite trend is seen in the right side, with the left having the highest 

frequency, the southern having the next highest, and the foreign group having no expression 

(Table 10). The mylohyoid bridge flips in frequency in the foreign sample, with the highest 

frequency of all groups in the foreign group (25%) as well as the lowest frequency (0%). The left 

version of the trait is more frequent across all the sample groups (Table 10). 

Left accessory mental foramina are found in low frequencies across the northern and 

southern samples, and have no examples in the foreign sample. In contrast, there is a large 

difference in the expression of the right accessory mental foramina in the foreign group and the 

other two groups. 33.33% of foreign crania exhibit the trait, while only 8.2% of northern and 

4.9% in the southern sample (Table 10). The Os Japonicum is absent from all groups, with the 

exception of the right Os Japonicum which has a very low frequency of .98% in crania of the 

southern sample. 

Table 11 illustrates the frequency of traits in the facial region for those below the age of 

40 and those above the age of 40. The highest frequencies across both groups for any trait are the 

left supraorbital foramina, with the higher frequency in the younger group. The opposite is seen, 

though with a smaller difference in frequency, for this trait on the right side; right supraorbital 

foramina are found in higher frequencies for those over 40 than those under 40 years of age 
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(Table 11). Considering the frontal foramina, there is a higher number of crania expressing this 

trait in the younger age group.  

 
Table 11. Epigenetic Trait Frequencies: Below 40 and 40 Above- Facial  

Trait 40> 40+ 
Supraorbital foramen-L 31.58% 23.68% 
Supraorbital foramen-R 18.56% 22.37% 
Frontal Foramen-L 9.28% 5.26% 
Frontal Foramen-R 10.31% 6.58% 
Suture in InfraOrb For-L 4.08% 5.41% 
Suture in InfraOrb For-R 7.22% 5.48% 
Mylohyoid Bridge-L 18.95% 14.71% 
Mylohyoid Bridge-R 9.57% 19.44% 
Acc Mental For-L 3.13% 4.00% 
Acc Mental For-R 7.29% 7.89% 
Os Japonicum-L 0.00% 0.00% 
Os Japonicum-R 0.00% 1.33% 

 
 
A further examination of the lower upper face, sutures in the infraorbital foramen are 

similar in expression between age groups on the left side, but more frequent in the younger group 

on the right side. Os Japonicum is only found on the right side in those over the age of 40. With 

regard to the jaw, the left mylohyoid bridge is present more often in the younger group, while it 

is found more often on the right side in those over the age of 40. There is balanced expression 

between the two groups for accessory mental foramina, but there are more crania in both groups 

expression the trait on the right side than the left.  

Finally, when the traits of this region are compared between males and females, there is a 

similarity in trait expression between the sexes and between the aforementioned age groups. 

Table 12 shows the frequency of these traits for males and females. The supraorbital foramina 

are, like in other groups, the trait expressed most frequently in this region, and slightly more 

frequently in males than females. The frontal foramina are found more often in females, for both 

sides, but the differences in frequency between the sexes are low. Sutures in the infraorbital 
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foramen are more common in males on the left side, but more common in females on the right 

side (Table 12). Os Japonicum is found exclusively in females on the right side, though it is rare 

(Table 12). 

 
Table 12. Epigenetic Trait Frequencies: Males and Females- Facial  

Trait Male Female 
Supraorbital foramen-L 32.08% 21.54% 
Supraorbital foramen-R 23.36% 15.15% 
Frontal Foramen-L 6.54% 9.09% 
Frontal Foramen-R 8.41% 9.09% 
Suture in InfraOrb For-L 5.66% 3.03% 
Suture in InfraOrb For-R 5.71% 7.69% 
Mylohyoid Bridge-L 20.41% 12.31% 
Mylohyoid Bridge-R 14.71% 12.50% 
Acc Mental For-L 4.67% 1.56% 
Acc Mental For-R 10.28% 3.08% 
Os Japonicum-L 0.00% 0.00% 
Os Japonicum-R 0.00% 1.54% 

 
 
In the mandible as seen in Table 12, the mylohyoid bridge is found more frequently in 

males on both sides, however, the gap between the frequency of expression found in females and 

males is much larger (8.1%) for left side than the right side (2.21%). There is a larger gap in the 

frequency of expression between right and left mylohyoid bridge in males, with the left being 

present in 5.7% more mandibles (Table 12). In contrast, both sides have essentially equal 

expression in the females of this sample. A similar trend is seen the accessory mental foramina, 

though it is the right side that appears more often in males, and the difference in female 

expression between the right and the left is greater than in the expression of the mylohyoid 

bridge (Table 12). 

Overall, the facial region has several traits that display difference in expression based on 

the side of the cranium or mandible that they are found. For all groups, left supraorbital foramina 

and left mylohyoid bridge are present in more crania than the expression of these traits on the 
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right side. For both the groups testing for age differences and sex differences, the frequencies 

follow an interesting cross-group trend. The frequency pattern for all traits in the facial region 

are similar between males and those under the age of 40, while the frequency pattern for females 

shows similarities with frequencies of those over the age of 40. The exact frequencies of traits 

still vary across the groups for each trait, but the traits that appear more frequently in males are 

more frequent in those under 40, with the same pattern present between females and those over 

the age of 40. 

 

Chi-square 

 The results of the chi-square analysis indicate few differences in the frequency of the 

selected epigenetic traits between between all groups. When examining the cranium in a singular 

manner, overall statistical significance within or among the samples examined appear minimal. 

Yet when the elements or portions of the cranium are addressed independently, some patterns to 

do appear, but none which require a rejection of the null hypothesis. The following results are 

presented both as results for the whole cranium and then as regions, which have been described 

and defined earlier in this chapter. 

The male and female group showed the most differences of all groups. A total of eight 

traits were found to differ at an alpha of .05. These included medial lambdoidal ossicles on both 

the left and the right, lateral lambdoidal ossicles on both the left and the right, Inca bones, left 

extrasutural mastoid foramina, right frontal temporal articulation, and right occipital condylar 

facet double. The accuracy of the analysis of the right frontal temporal articulation and Inca 

bones are called into question because of the expected value of the calculation was below 5 

(Table 13) 
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Table 13. Chi-Square Test: Male and Female 
                    Trait p Minimum Expected Value 

O
cc
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l R
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Lamb Os Med-L 0.003* 8.077 
Lamb Os Med- R 0.036* 5.769 
Lamb Os L-L 0.003* 8.058 
Lamb Os L-R 0.008* 7.222 
Os @ Lambda 0.818 8.491 
Inca Bone 0.049* 2.302 
Mastoid Foramen Extra-L 0.005* 21.364 
Mastoid Foramen Extra-R 0.098 20.913 
Os @ Asterion-L 0.939 1.919 
Os @ Asterion-R 0.336 4.561 
Os in Mast Sut-L 0.584 1.526 
Os in Mast Sut-R 0.731 0.765 
Foramen of Huschke-L 0.808 3.642 
Foramen of Huschke-R 0.832 3.2298 
Ant Con Can Double-L 0.925 6.175 
Ant Con Can Double-R 0.254 4.221 
Occip Con Facet D-L 0.904 6.086 
Occip Con Facet D-R 0.017* 6.506 

A
nt

er
io

r-
 

C
al

va
riu

m
  

Sagittal Ossicle 0.744 0.776 
Parietal Foramen-L 0.683 33.306 
Parietal Foramen-R 0.764 28.947 
Bregmatic bone 0.262 0.767 
Coronal Os-L NA 0 
Coronal Os-R NA 0 
Metopism NA 0 

La
te

ra
l 

R
eg

io
ns

 

Epiteric Bone-L 0.314 1.158 
Epiteric Bone-R 0.282 1.856 
Front-Temp Art-L 0.585 1.524 
Front-Temp Art-R 0.054* 2.241 
Parietal Notch-L 0.199 0.379 
Parietal Notch-R 0.188 0.367 

Fa
ci

al
 R

eg
io

n 

Supraorbital foramen-L 0.137 18.246 
Supraorbital foramen-R 0.191 13.353 
Frontal Foramen-L 0.537 4.96 
Frontal Foramen-R 0.877 5.723 
Suture in InfraOrb For-L 0.426 3.07 
Suture in InfraOrb For-R 0.61 4.206 
Mylohyoid Bridge-L 0.179 11.166 
Mylohyoid Bridge-R 0.689 8.867 
Acc Mental For-L 0.285 2 
Acc Mental For-R 0.083 4.913 
Os Japonicum-L NA 0 
Os Japonicum-R 0.205 0.385 

           *- Statistically significant at p= <.05 
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When breaking down the results into aforementioned regions, the occipital region has 

seven out of 18 traits with significant differences between males and females (Table 13). Most of 

these differences are concentrated along the lambdoidal suture, where lambdoidal ossicles and 

Inca bones make up the majority of the significant traits, although the significance of Inca bones 

should be considered with caution because of the low expected value associated with the trait 

frequencies. While this region shows one of the highest numbers of significant values of all 

groups and regions only 38.8% of traits are significant, thus not passing the 50% required to 

reject the null hypothesis. The p-values for the anterior calvarium region for males and females 

are displayed in Table 13. This region of the cranium shows no significant differences between 

males and females. Additionally, three of the traits in this region were not found in any of the 

male or female crania.  

Table 13 also displays the lack of significant values for male-female comparisons in the 

facial region. While there are certain traits within this group that show high frequencies in this 

sample, such as the left and right parietal foramina, the chi-square test reveals that these 

frequencies do not cross the threshold of significance at p = >.05. P-values for the traits located 

in the lateral regions are found in Table 13. For males and females, the lateral regions of the 

cranium indicate only one statistically significant difference for any trait or side: right frontal-

temporal articulation. The accuracy of this result is dubious, however, given that the expected 

value shown in Table 13 for the trait in question is well below 5.   

Across the entire crania, southern and foreign born comparisons had the second highest 

number of significant traits for the chi-square analysis. These included left lateral lambdoidal 

ossicles, Inca bones, left extrasutural mastoid foramina, right accessory mental foramina, and left 

and right occipital condylar facets double, totaling six traits. For the same reason as the frontal 
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temporal articulation analysis may not be accurate in the male and female comparison, there are 

problems with the results within this group as well.  As shown in Table 14, All of the traits found 

to be significant in this chi-square analysis had expected values below 5. This is a requirement 

for chi-square to produce accurate results. Even if these values were considered accurate, six 

significant traits out of 43 is 13.9%, meaning that the number of differences between southern 

and foreign sample groups does not cross the 50% requirement to reject the null hypothesis. 

The pattern of significant traits is similar to the male and female differences with regard 

to region. As previously discussed, the largest number of significant traits were located in the 

occipital region for the male-female analysis. This same pattern is present in the southern and 

foreign sample analysis, though for fewer traits and different traits in general. Fewer significant 

traits are located near the lambdoid suture, though both the left lateral lambdoidal ossicle and 

Inca bones were found to differ significantly. For this group, the difference in the occipital 

condylar facets double is highly significant for both the right and left side. If viewed only as the 

occipital region, five of 18 traits were found to be significant, or 27.7% of crania exhibited 

statistically significant differences. This result does not allow for a rejection of the null 

hypothesis.  

The anterior calvarium region for southern and foreign born shows no significant 

differences for any traits (Table 14). The lateral regions also have no significant trait differences, 

in addition, all of of the expected values for any contingency table in this region were below 1. 

This indicates that the sample size was too low for any accurate analysis of the traits. Table 14 

also shows the facial region with regard to southern and foreign born populations. This region 

possesses one significant trait, the right accessory mental foramina. Although it is highly 

significant, this region also fails to meet the requirements to reject the null hypothesis. 
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Table 14. Chi-Square Test: Southern and Foreign Born 
                    Trait p Minimum Expected Value 

O
cc

ip
ita

l R
eg

io
n 

Lamb Os Med-L 0.380 1.156 
Lamb Os Med- R 0.937 1.073 
Lamb Os L-L 0.011* 1.378 
Lamb Os L-R 0.151 1.473 
Os @ Lambda 0.707 1.391 
Inca Bone 0.020* 0.486 
Mastoid Foramen Extra-L 0.004* 2.411 
Mastoid Foramen Extra-R 0.304 2.652 
Os @ Asterion-L 0.602 0.243 
Os @ Asterion-R 0.417 0.568 
Os in Mast Sut-L 0.673 0.161 
Os in Mast Sut-R NA 0 
Foramen of Huschke-L 0.378 0.661 
Foramen of Huschke-R 0.471 0.453 
Ant Con Can Double-L 0.330 0.796 
Ant Con Can Double-R 0.358 0.717 
Occip Con Facet D-L 0.000* 1.009 
Occip Con Facet D-R 0.003* 1.178 

A
nt

er
io

r-
 

C
al

va
riu

m
 

Sagittal Ossicle 0.764 0.082 
Parietal Foramen-L 0.237 4.301 
Parietal Foramen-R 0.496 3.973 
Bregmatic bone 0.765 0.081 
Coronal Os-L NA 0 
Coronal Os-R NA 0 
Metopism NA 0 

La
te

ra
l 

R
eg

io
ns

 

Epiteric Bone-L 0.764 0.082 
Epiteric Bone-R 0.112 0.25 
Front-Temp Art-L 0.107 0.245 
Front-Temp Art-R 0.112 0.25 
Parietal Notch-L 0.764 0.082 
Parietal Notch-R 0.761 0.084 

Fa
ci

al
 R

eg
io

n 

Supraorbital foramen-L 0.160 2.25 
Supraorbital foramen-R 0.711 1.593 
Frontal Foramen-L 0.327 0.804 
Frontal Foramen-R 0.355 0.723 
Suture in InfraOrb For-L 0.102 0.241 
Suture in InfraOrb For-R 0.570 0.288 
Mylohyoid Bridge-L 0.587 1.434 
Mylohyoid Bridge-R 0.221 1.189 
Acc Mental For-L 0.600 0.245 
Acc Mental For-R 0.001* 0.649 
Os Japonicum-L NA 0 
Os Japonicum-R 0.78 0.072 

 *- Statistically significant at p= <.05 
 
 



	 	50	

When the full cranium is considered, the northern and foreign born sample has the same 

number of significant traits as the southern and foreign group, at six. These are left and right 

lateral lambdoidal ossicles, Inca bones, right accessory mental foramina, and left and right 

occipital condylar facets double. This number of traits comes to 13.9% of crania displaying 

significant differences, which is below the requirements for rejecting the null hypothesis. As 

shown in Table 15, this sample group has the same statistical defect as the above analyses, in that 

all of these the significant traits have expected values below 5. 

The occipital region within the northern and foreign comparison, shown in Table 15, 

contains all but one of the significant traits for this comparison group. Left and right lateral 

lambdoidal ossicles, Inca bones, and right and left occipital condylar facets double are all highly 

significant. These results, as stated in the above paragraph, do not have expected values of 5 or 

higher, and thus not likely not accurate assessments of the significance of the differences. 

Additionally, this number of significant traits (11.6%) does not allow for a rejection of the null 

hypothesis for this region of the cranium. 

The anterior-calvarium region within the northern and foreign comparison consists of 

four non-significant trait values—sagittal ossicles, left and right parietal foramina, bregmatic 

bone—and three traits which were not found in any of the crania observed in this study for these 

sample groups—left and right coronal ossicles and metopism (Table 15). In the lateral regions, 

the left and right epiteric bones and left and right frontal-temporal articulation are not significant. 

There were no examples of either the right or left parietal notch bones found in any crania of 

these sample groups (Table 15). Finally, the facial region contains one significant trait 

difference—right accessory mental foramina—but the analysis shows an expected value of 

1.029, which puts these results in question (Table 15).  
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Table 15. Chi-Square Test: Northern and Foreign Born 
                    Trait p Minimum Expected Value 

O
cc

ip
ita

l R
eg
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Lamb Os Med-L 0.381 1.174 
Lamb Os Med- R 0.286 0.391 
Lamb Os L-L 0.000* 1.029 
Lamb Os L-R 0.000* 0.514 
Os @ Lambda 0.620 0.643 
Inca Bone 0.000* 0.257 
Mastoid Foramen Extra-L 0.176 4.114 
Mastoid Foramen Extra-R 0.558 3.214 
Os @ Asterion-L 0.696 0.13 
Os @ Asterion-R 0.369 0.652 
Os in Mast Sut-L 0.582 0.257 
Os in Mast Sut-R 0.715 0.116 
Foramen of Huschke-L 0.554 0.29 
Foramen of Huschke-R 0.498 0.381 
Ant Con Can Double-L 0.312 0.806 
Ant Con Can Double-R 0.575 0.265 
Occip Con Facet D-L 0.001* 1.108 
Occip Con Facet D-R 0.000* 0.984 

A
nt

er
io

r-
 

C
al

va
riu

m
 

Sagittal Ossicle 0.696 0.13 
Parietal Foramen-L 0.400 4.174 
Parietal Foramen-R 0.536 3.857 
Bregmatic bone 0.699 0.129 
Coronal Os-L NA 0 
Coronal Os-R NA 0 
Metopism NA 0 

La
te

ra
l 

R
eg

io
ns

 

Epiteric Bone-L 0.575 0.265 
Epiteric Bone-R 0.293 0.397 
Front-Temp Art-L 0.124 0.269 
Front-Temp Art-R 0.484 0.537 
Parietal Notch-L NA 0 
Parietal Notch-R NA 0 

Fa
ci

al
 R

eg
io

n 

Supraorbital foramen-L 0.537 3.176 
Supraorbital foramen-R 0.857 2.217 
Frontal Foramen-L 0.496 0.386 
Frontal Foramen-R 0.325 0.771 
Suture in InfraOrb For-L 0.783 0.783 
Suture in InfraOrb For-R 0.303 0.836 
Mylohyoid Bridge-L 0.515 1.354 
Mylohyoid Bridge-R 0.213 1.174 
Acc Mental For-L 0.496 0.386 
Acc Mental For-R 0.027* 1.029 
Os Japonicum-L NA 0 
Os Japonicum-R NA 0 

 *- Statistically significant at p= <.05 
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As illustrated in Table 16, the northern and southern sample group holds only four 

significant traits were right lateral lambdoidal ossicles, left extrasutural mastoid foramina, and 

left and right sutures in the infraorbital foramina. As seen in the other groups, these two 

comparisons also suffered the same issue regarding expected values. The left and the right suture 

in the infraorbital foramina have expected values of 2.577 and 4.006, respectively, making their 

significance dubious. If all significant traits, regardless of potential statistical errors, are included 

across the entire cranium, the total percentage of significant traits rests at 9%; this is insufficient 

to reject the null hypothesis. 

When only the occipital region is considered, the right lateral lambdoidal ossicle and left 

extrasutural mastoid foramina differ significantly between northern and southern samples. The 

two traits have expected values above 5, indicating that the results are reliable. The right 

lambdoidal ossicle approaches significance and has an expected value that is just above the 

requirements for chi-square, so this trait may show significance under a test which handles 

smaller sample sizes with more accuracy. Observing only this region, 11% of traits are 

significantly different between northern and southern groups; this is insufficient to reject the null 

hypothesis for this region. 

The anterior-calvarium region compared between northern and southern groups has no 

significant traits, as well as three traits—left and right coronal ossicles and metopism—which 

were not found on any crania in these sample groups (Table 16). The lateral regions also have no 

significant traits. Finally, the facial region has two significant traits—left and right sutures in the 

infraorbital foramen—which are significant at p= .052. These may potentially be non-significant 

in a test that is more accurate with small sample sizes. The percentage of significant traits (16%) 

does not force a rejection of the null my hypothesis for this region. 
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Table 16. Chi-Square Test: Northern and Southern 
                    Trait p Minimum Expected Value 

O
cc

ip
ita

l R
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Lamb Os Med-L 0.950 7.125 
Lamb Os Med- R 0.060 5.25 
Lamb Os L-L 0.211 6.362 
Lamb Os L-R 0.006* 6.025 
Os @ Lambda 0.082 7.531 
Inca Bone 0.117 1.497 
Mastoid Foramen Extra-L 0.009* 18.598 
Mastoid Foramen Extra-R 0.399 18.598 
Os @ Asterion-L 0.614 1.481 
Os @ Asterion-R 0.730 4.444 
Os in Mast Sut-L 0.592 1.488 
Os in Mast Sut-R 0.195 0.374 
Foramen of Huschke-L 0.314 3.464 
Foramen of Huschke-R 0.866 3.235 
Ant Con Can Double-L 0.881 5.728 
Ant Con Can Double-R 0.198 3.982 
Occip Con Facet D-L 0.820 4.364 
Occip Con Facet D-R 0.312 4.673 

A
nt

er
io

r-
 

C
al

va
riu

m
 

Sagittal Ossicle 0.708 .745 
Parietal Foramen-L 0.496 28.902 
Parietal Foramen-R 0.917 27.319 
Bregmatic bone 0.712 0.748 
Coronal Os-L NA 0 
Coronal Os-R NA 0 
Metopism NA 0 

La
te

ra
l 

R
eg

io
ns

 

Epiteric Bone-L 0.280 1.106 
Epiteric Bone-R 0.596 1.494 
Front-Temp Art-L 0.909 1.094 
Front-Temp Art-R 0.278 1.847 
Parietal Notch-L 0.443 0.369 
Parietal Notch-R 0.436 0.376 

Fa
ci

al
 R

eg
io

n 

Supraorbital foramen-L 0.144 16.025 
Supraorbital foramen-R 0.237 12.073 
Frontal Foramen-L 0.272 4.835 
Frontal Foramen-R 0.814 5.579 
Suture in InfraOrb For-L 0.052* 2.577 
Suture in InfraOrb For-R 0.052* 4.006 
Mylohyoid Bridge-L 0.802 9.561 
Mylohyoid Bridge-R 0.922 8.79 
Acc Mental For-L 0.525 2.259 
Acc Mental For-R 0.396 3.742 
Os Japonicum-L NA 0 
Os Japonicum-R 0.452 0.36 

 *- Statistically significant at p= <.05 
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Finally, the comparison of age groups below 40 and 40 and above yielded the fewest 

differing traits. Across the entire cranium, two traits that were found to significantly differ 

between the two groups—right epiteric bones and the left occipital condylar facets double (Table 

17). However, the right epiteric bone has an expected value of only 2.2, and thus the results of 

this trait also bear the issue of expected values that is prevent throughout this data set. 

Considering all the significant traits, regardless of potential sample size issues, only 4% of all 

traits observed are significant; this does not pass the threshold requiring a rejection of the null 

hypothesis. 

Considering only the occipital region, as shown in Table 17, only one trait was found 

significant—occipital condylar facets double. None of the other 17 traits in this region approach 

significance. In this region, 5% of the traits are significant; once again, this percentage does not 

reach the necessary 50% to reject the null hypothesis. The anterior-calvarium region contains 

four non-significant traits—sagittal ossicle, left and right parietal foramina, and bregmatic 

bone—as well as three traits which are not found in any crania—left and right coronal ossicles 

and metopism (Table 17). 

The lateral regions have one significant trait—right epiteric bones. The significance of 

this trait, as mentioned above, is potentially inaccurate given the the expected value of the 

analysis was below 5 (Table 17). The total percentage of significant traits for the lateral regions 

is 16%, which, like all previous regions, falls short of the 50% which requires a rejection of the 

null hypothesis. The facial region also has no significant traits, as well as having no examples at 

all of the left Os Japonicum in this sample group (Table 17). Overall, the age related groups have 

too few significant traits across the entire cranium or by specific region to make any claims about 

age related factors in cranial epigenetic traits. 
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Table 17. Chi-Square Test: Below 40 and 40+ 
                    Trait p Minimum Expected Value 

O
cc

ip
ita

l R
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Lamb Os Med-L 0.614 9.071 
Lamb Os Med- R 0.419 6.479 
Lamb Os L-L 0.941 9.157 
Lamb Os L-R 0.191 8.333 
Os @ Lambda 0.825 9.52 
Inca Bone 0.748 2.616 
Mastoid Foramen Extra-L 0.813 24.277 
Mastoid Foramen Extra-R 0.118 23.723 
Os @ Asterion-L 0.442 1.754 
Os @ Asterion-R 0.688 5.333 
Os in Mast Sut-L 0.762 1.704 
Os in Mast Sut-R 0.866 0.882 
Foramen of Huschke-L 0.146 4.198 
Foramen of Huschke-R 0.239 3.689 
Ant Con Can Double-L 0.308 6.924 
Ant Con Can Double-R 0.298 4.363 
Occip Con Facet D-L 0.032* 6.969 
Occip Con Facet D-R 0.735 7.346 

A
nt

er
io

r-
 

C
al

va
riu
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Sagittal Ossicle 0.853 0.871 
Parietal Foramen-L 0.314 37.283 
Parietal Foramen-R 0.183 32.703 
Bregmatic bone 0.106 0.872 
Coronal Os-L NA 0 
Coronal Os-R NA 0 
Metopism NA 0 

La
te

ra
l 

R
eg

io
ns

 

Epiteric Bone-L 0.123 1.314 
Epiteric Bone-R 0.045* 2.186 
Front-Temp Art-L 0.072 1.762 
Front-Temp Art-R 0.170 2.639 
Parietal Notch-L 0.248 0.43 
Parietal Notch-R 0.245 0.427 

Fa
ci

al
 R

eg
io

n 

Supraorbital foramen-L 0.254 21.333 
Supraorbital foramen-R 0.536 15.376 
Frontal Foramen-L 0.320 5.711 
Frontal Foramen-R 0.387 6.59 
Suture in InfraOrb For-L 0.683 3.442 
Suture in InfraOrb For-R 0.649 4.724 
Mylohyoid Bridge-L 0.479 11.681 
Mylohyoid Bridge-R 0.068 9.976 
Acc Mental For-L 0.758 2.632 
Acc Mental For-R 0.882 5.744 
Os Japonicum-L NA 0 
Os Japonicum-R 0.262 0.444 

 *- Statistically significant at p= <.05 
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Fisher’s Exact Test 

 The issues with expected values present in this data set required another analytical tool. 

During the first analysis, using chi-square, the contingency tables revealed that the sample size 

for some of the traits would be too small to for chi-square analyses to be accurate. For this 

reason, Fisher’s Exact Test was utilized. The specifics supporting this test’s accuracy for this 

data set can be reviewed in chapter III.  

 The findings of the Fisher’s Exact Tests are similar to those of the chi-square, except that 

fewer significant traits were found throughout the sample groups. As stated above, this can be 

attributed to the test’s greater accuracy with smaller data sets. Like the chi-square results, these 

results found that the greatest number of significant trait differences were between males and 

females (Table 18). The six traits found to differ significantly between males and females were 

left and right medial lambdoidal ossicles, left and right lateral lambdoidal ossicles, left 

extrasutural mastoid foramina, and right occipital facets double. This test did not find the right 

frontal temporal articulation or Inca bones to be significantly different, unlike the chi-square test. 

Five traits differed significantly in the northern and foreign born sample group. These 

include right and left lateral lambdoidal ossicles, Inca bones, and right and left occipital condylar 

facets double. These five were all highly significant at a p-value = >.01 (Table 18). The results of 

Fisher’s exact test for this group do not differ from the chi-square analysis. 

The southern and foreign born sample group had four significant traits: left lateral 

lambdoidal ossicles, and left and right occipital condylar facets double, left extrasutural mastoid 

foramina, with the left occipital condylar facet double being highly significant. Unlike the chi-

square test, Fisher’s exact test did not find Inca bones or right accessory mental foramina to 

differ significantly (Table 14, 18). 
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 Table 18. Fisher’s Exact Test: p-values 

         *- Statistically significant at p= <.05 

 Trait Male-Female Northern-
Foreign 

Southern-
Foreign 

Northern-
Southern 

Below 40-
40+ 

O
cc

ip
ita

l R
eg

io
n 

Lamb Os Med-L 0.003* 0.333 0.325 1.000 0.647 
Lamb Os Med- R 0.050* 0.347 1.000 0.083 0.587 
Lamb Os L-L 0.003* 0.007* 0.030* 0.292 1.000 
Lamb Os L-R 0.011* 0.005* 0.163 0.005* 0.225 
Os @ Lambda 1.000 0.508 1.000 0.091 0.822 
Inca Bone 0.083 0.015* 0.074 0.298 1.000 
Mastoid For Extra-L 0.007* 0.283 0.011* 0.014* 0.870 
Mastoid For Extra-R 0.129 0.712 0.445 0.483 0.138 
Os @ Asterion-L 1.000 1.000 1.000 1.000 0.632 
Os @ Asterion-R 0.539 1.000 1.000 0.762 0.768 
Os in Mast Sut-L 1.000 1.000 1.000 0.629 1.000 
Os in Mast Sut-R 1.000 1.000 1.000 0.374 1.00 
For of Huschke-L 1.000 1.000 1.000 0.495 0.194 
For of Huschke-R 1.000 1.000 1.000 1.000 0.311 
Ant Con Can Dbl-L 1.000 0.587 1.000 1.000 0.428 
Ant Con Can Dbl-R 0.338 1.000 1.000 0.330 0.352 
Occip Con Facet D-L 0.110 0.009* 0.009* 1.000 0.037* 
Occip Con Facet D-R 0.018* 0.005* 0.016* 0.379 0.799 

A
nt

er
io

r-
C

al
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riu
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 Sagittal Ossicle 1.000 1.000 1.000 1.000 1.000 
Parietal Foramen-L 0.755 0.489 0.307 0.520 0.358 
Parietal Foramen-R 0.874 0.723 0.729 1.000 0.216 
Bregmatic bone 0.524 1.000 1.000 1.000 0.189 
Coronal Os-L 1.000 1.000 1.000 1.000 1.000 
Coronal Os-R 1.000 1.000 1.000 1.000 1.000 
Metopism 1.000 1.000 1.000 1.000 1.000 

La
te

ra
l R

eg
io

ns
 Epiteric Bone-L 0.560 1.000 1.000 0.555 0.257 

Epiteric Bone-R 0.361 0.351 0.232 0.630 0.069 
Front-Temp Art-L 1.000 0.252 0.228 1.000 0.131 
Front-Temp Art-R 0.085 0.446 0.232 0.359 0.231 
Parietal Notch-L 0.379 1.000 1.000 1.000 0.430 
Parietal Notch-R 0.367 1.000 1.000 1.000 0.427 

Fa
ci

al
 R
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io
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Supraorbital For-L 0.162 0.710 0.224 0.198 0.305 
Supraorbital For-R 0.243 1.000 0.659 0.312 0.571 
Frontal Foramen-L 0.563 1.000 1.000 0.375 0.393 
Frontal Foramen-R 1.000 1.000 1.000 0.787 0.429 
Sut in InfraOrb For-L 0.712 0.582 0.224 0.102 0.727 
Sut in InfraOrb For-R 0.750 0.586 1.000 0.100 0.759 
Mylohyoid Bridge-L 0.208 0.614 0.632 1.000 0.533 
Mylohyoid Bridge-R 0.819 0.594 0.603 1.000 0.075 
Acc Mental For-L 0.412 1.000 1.000 0.673 1.000 

 Acc Mental For-R 0.135 0.060 1.000 0.502 1.000 
 Os Japonicum-L 1.000 1.000 1.000 1.000 1.000 
 Os Japonicum-R 0.385 1.000 1.000 1.000 0.444 
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 Within the northern and southern group only two significant traits were found—right 

lateral lambdoidal ossicles and left extrasutural mastoid foramina. These were both highly 

significant. This contradicts the findings of the chi-square test, which found the left and right 

sutures in the infraorbital foramen to be significant, as well. Questions about the accuracy of p-

values associated with the suture in the infraborital foramen were discussed in the section above. 

The change in significance is likely a correction by the Fisher’s test related to the low expected 

values of the suture in the infraorbital foramina trait (Table 16,18). 

 Fisher’s exact test found one significant trait in the age divided sample group—the left 

occipital condylar facet double. This trait was also found to be significant in the chi-square tests. 

This similarity can be attributed to the sufficient expected value for the trait. Further supporting 

this, Fisher’s exact test did not find the right epiteric bone to be significantly different for the age 

divided sample group. As with previous traits, this can be explained by viewing the expected 

value for this trait within this sample group (Table 17, 18). 

 All of the significant traits determined via Fisher’s exact test are located in the occipital 

region of the cranium (Table 18). The male and female comparison group had the highest 

percentage of significant traits for the region (33%), which is one of the highest seen in this 

study. However, this number of significant traits does not reach the 50% required to reject the 

null hypothesis put forth in chapter III. The forthcoming chapters discuss these findings in 

relation to greater context of this study. 
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CHAPTER V  
 

DISCUSSION 
  
 
 
 The results outlined in the previous chapter address the major questions of this study in 

several ways. To review, the project goals included: 1) determine what, if any differences in trait 

frequencies existed within this sample, 2) establish the nature of any differences that may exist, 

and 3) relate the results for this sample with the larger body of knowledge regarding cranial 

epigenetic traits and epigenetics in general. To fully relate the results with these questions, a 

review of hypothesis being tested as well as the test implications for this study is pertinent.  

The null hypothesis tested was that there are no statistically significant differences in the 

presence of cranial epigenetic traits between any of the sample groups. There would be failure to 

reject this hypothesis if the statistical differences fail to be significant at 𝛼 ≤ .05 for 50% or more 

of the traits of any given comparison. This hypothesis was tested for each of the five comparison 

groups, as well as within particular regions of the skull for each of the comparison groups. 

The accuracy of the chi-square analysis is questionable, so the conclusions will look 

solely to the p-values yielded by Fisher’s exact test. When considering these results, few 

differences between the northern and southern samples exist. Only two traits differ significantly, 

right lateral lambdoidal ossicles and left extrasutural mastoid foramina, and while these are 

highly significant, they do not indicate a high level of genetic drift between the two groups. This 

number of significant traits equals 4%, which is a failure to reject the null hypothesis. For the 

northern and southern comparison group, the only region with any significant traits was the 

occipital region. With 11% of traits in this region differing significantly, the occipital region does 

not reach the 50% mark required by to reject the null hypothesis. 
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In the northern and foreign born sample, the right and left lateral lambdoidal ossicles, 

Inca bones and left and right occipital condylar facets double differed significantly. The 

comparison group has 11% of traits differing. Once again, the occipital region was the only 

region to hold any significant traits, with a percentage of 27%. These numbers do not suffice to 

reject the null hypothesis for either the whole cranium or any given cranial region for 

comparison group. 

Between the southern and foreign group, left lateral lambdoidal ossicles, left extrasutural 

mastoid foramina, and left and right occipital condylar facets double were found to differ in 

expression significantly. When considering the cranium as a whole, this comparison group has 

9% of the observed traits differing significantly. All of these traits are located in the occipital 

region of the cranium. When it is considered separately as a region, 22% of traits are found to be 

significant. These results do not suffice to reject the null hypothesis for either the whole cranium 

or any given cranial region for comparison group. 

Interestingly, the results of the non-geographic analyses indicate that birthplace does not 

have the greatest effect on the presence or absence of epigenetic traits within this sample. Age 

also appears to have little effect on the frequency of any traits outside of the left occipital 

condylar facet double. Within the age divided group, only 2% of traits differ between those 

above and below the age of 40. When observing regions of the cranium, 5% of traits found in the 

occipital region for the age-divided group were differed significantly. This result also indicates a 

failure to reject the null hypothesis for this group.  

The differences between male and female in this study are the greatest of any of the 

sample groups. This was unexpected, and potential reasons for this are explored in the following 

chapter. With six significant traits, 14% of the traits differ between males and female. When the 
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occipital region only is considered, 33% of traits differ significantly. There were no significant 

traits found in any other region of the cranium. While this is the highest of all the groups, it still 

does not merit rejection of the null hypothesis based on the test implications for this study. 

These results address the goals of the project in the following manner:  

3. Determine what, if any, differences in trait frequencies existed within this sample. 

This study has determined that some traits within this sample do differ between 

comparison groups. These traits are all located in the occipital region of the cranium, and nearly 

all samples have a significant difference in expression of one or more of the lambdoidal ossicles 

or occipital condylar facets double. However, none of the trait differences between any of the 

groups is high enough to warrant a rejection of the null hypothesis. 

2. Establish the nature of any differences that may exist. 

The nature of the differences in trait expression between groups is expressed most clearly 

in the variance seen among the comparison groups. Males and females of this sample had the 

most differences in trait expression of any group. This is followed by the groups born in the 

United States; northern and southern samples both differed more from those born outside of the 

United States than they did to one another. 

3. Relate the results for this sample with the larger body of knowledge regarding cranial 

epigenetic traits. 

This goal is generally aimed at revisiting the assumptions and assertions put forth in 

Berry and Berry (1967). This work laid the foundation for future studies of cranial epigenetics, 

and there is yet to be a consensus as to whether or not their conclusions hold true across all 

samples. The main conclusions of the article are that these traits are inherited, the presence of 

these traits are consistent throughout “a given race” (Berry and Berry 1967:361), there are no 
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differences in expression of traits between the sexes, and age does not alter the expression of 

these traits. 

Based on the test implications for the null hypothesis in this study, no statistically 

supportable conclusions can be made regarding several of Berry and Berry’s (1967) claims. Too 

few traits were found to be significant across all comparison groups to speak confidently about 

trait inheritance, age-related aspects of expression, or the potential for these traits to be sexually 

dimorphic. This lack of significant traits may suggest that the presence of these traits are 

consistent through out “a given race”, considering all of the individuals in this study were labeled 

as “Black”. 

Ultimately, none of the sample groups had results that would necessitate a rejection of the 

null hypothesis. Thus, for this particular data set and the test implications for this study, one may 

conclude the following: The geographic samples not been separated long enough for genetic drift 

to occur, and/or their environments or growth and development patterns were not different 

enough to produce statistically significant differences, and/or the groups in this sample did not 

reach the level of biological distance required to for cranial epigenetic traits to statistically detect 

differences. For the male and female comparison, one must conclude that these traits are not 

sexually dimorphic within this sample. For the age divided group, one must conclude that there 

are no age-related differences in the expression of cranial epigenetic traits within this sample. 

Additionally, an important potential addition to this null hypothesis would be that there is also a 

factor to epigenetic trait expression present that was previously not considered or for which there 

was no test within this study.  
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Conclusions 

 This study concludes that, according to the test implications, for this data set, there are 

not enough significant differences between any given group to warrant a claim that epigenetic 

traits would be useful in consistently differentiating between any of the aforementioned groups 

within this sample. This conclusion contradicts what previous research has found on the subject. 

There are several factors to consider when determining why this study’s results are incongruent 

with past studies. Furthermore, while the scale of differences between the groups did not break 

the threshold of rejecting the null hypothesis, there are still questions as to why certain groups, 

such as males and females, presented more significant differences than others. Understanding 

why these differences may have occurred opens the door for further research to better identify 

the mechanisms behind skeletal epigenetic traits. 

 

Geographic Differences 

 One justification for dividing the geographic groups into northern and southern states 

revolves around the experiences of African Americans in those areas during the time in which 

the individuals in this sample lived and died. While the African Americans living in the 

Reconstruction era all experienced a certain level of discrimination, many African Americans in 

former Union states did not hold jobs that were as intense in physical labor as African Americans 

in the former Confederate states (Zieger 2007). Additionally, African Americans in the north 

were did not experience the nearly constant threat of violence and terrorism of the Ku Klux Klan 

(Foner 2014). Living under higher levels of both physical and psychological stress could, in 

theory, increase cortisol levels across the population. If, as discussed in chapter II, external 

stressors have an impact on the epigenome through increased cortisol, then there is the potential 
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for a difference in the level environmental stressors to alter the presence or absence of epigenetic 

traits. However, the results of these study do not present evidence to support that this is the case 

with this particular sample. 

The lack of difference between the geographically divided groups may be explained in a 

couple ways. First, the lack of difference is potentially an effect of the small sample size. The 

total number of 174 crania is not a particularly large data set, and thus falls prey to the statistical 

pitfalls that are often associated with small sample sizes. This is evident in the lack of reliability 

in the Chi-square tests. Many of the traits were rare enough across the entire data set that 

expected values regularly fell below the requirements of the statistical test (see chapter IV).  

While Fisher’s Exact Test is much more accurate with small sample sizes, it does not remove the 

potential that the sample simply was not large enough to give an accurate spread of the traits 

throughout the population. 

 Second, the lack of difference could reflect a limit in the sensitivity of epigenetic traits. 

Previous studies (Hanihara and Ishida 2001a, b, c, d; Berry and Berry 1967; Corrucini 1974) not 

only had larger data sets, but also were observing populations that were far more geographically 

isolated from one another. The population for this study, African Americans born in northern or 

southern states, between 1850 and 1915, experienced far less geographic and temporal separation 

than recent inhabitants of South East Asia and Australian aboriginal peoples (Hanihara and 

Ishida 2001b).  This indicates that there is potentially a required level of genetic distance 

between populations for epigenetic expression to be a meaningful measure of that distance. 
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Sex Differences 

Corrucini (1974) opens with skepticism regarding the reliability of skeletal epigenetic 

traits in comparative biological research. He questions the root causes of epigenetic traits, and 

asks whether these are impacted by factors another than ancestry, such as sex or age. He found 

the all trait differences between his White and Black samples to be significant. However, 

Corrucini also presented findings which contradicted Berry and Berry’s (1967) claim that the 

frequency of traits was independent of sex and age, as well as pointed to other studies that also 

found the traits to have different frequencies between the sexes (Jantz 1970; Finnegan 1972; 

Sublette 1966; Humphreyes 1971).   

In the 1974 study, Corrucini found that there was less variation between the Black crania 

(nine out of 61 traits) than the White crania (19 out of 61). For Corrucini’s (1974) study, 14.7% 

of the traits tested differed between Black males and females. This is very similar to what has 

been found in this study, 13.9% (Table 18). This is the first study, to the present researcher’s 

knowledge, to independently reproduce Corrucini’s findings on within group African-American 

sexual dimorphism. However, a related finding was presented by Peer H. Moore-Jansen (1989). 

For a portion of his study, he compared 65 cranial measurements of African American males and 

females between the Hamman-Todd and Terry collections. The results showed a greater 

difference between the sexes within a collection than between the same sex across collections 

(Moore-Jansen 1989:147).  

A similar pattern may be occurring between this study and Corrucini’s study, which 

utilized crania from the R.J. Terry collection. The two collections (Hamman-Todd and Terry) 

have different areas of origin and different demographics. The Terry collection consists of a 

population from St. Louis, MO, collected between 1898-1940, while the Hamman-Todd series 
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consists of individuals who were born across the United States and abroad, died in Cleveland, 

Ohio, and were collected between 1912-1938 (Corrucini 1974; Cobb 1935; Hunt and Albanese 

2005; Kern 2006).  A large portion of the African Americans in these skeletal collections are 

immigrants from the rural southern U.S. during the Reconstruction Era and early 20th century 

(Cobb 1935; Kern 2006).  This common origin has, no doubt, shaped both collections. The 

Hamman-Todd collection does differ from the Terry collection in its large portion of northern-

born African Americans, but the results of this study suggest that the differences between 

African Americans born in northern states and those born in southern states are not divergent 

enough to effect the frequency of cranial epigenetic traits.   

These parallel findings suggest that the geographic origins of the data sets derived from 

the Hamman-Todd and Terry collections were less divergent from one another than males and 

females are from each other, and lends support that there is some level of sex-related difference 

in the expression of cranial epigenetic traits, contradicting the original findings of Berry and 

Berry’s 1967 landmark study. The mechanisms behind these differences are, as of this moment, 

undetermined. Yet, one may consider some potential factors given what we currently know about 

the development of sexual dimorphism in the human skeleton.  

During osteogenesis, the cells forming cartilage and bone receive messages from both the 

genetic material and the hormones present in the individual. This effects the type and shape of 

bone formed, as well as the timing of development (Franz-Odenall 2011). Even in early 

childhood there is some evidence that testosterone causes males to have, on average, larger 

crania, as well as high bone thickness and density (Ounsted et al. 1981; Cameron 1972; Specker 

et al. 1987). Puberty introduces higher levels of these sex-specific hormones to the bloodstream, 

which trigger varied bone development between the sexes, among many other changes. The 
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differences in male and female skeletons is consistent and varied enough that human sexual 

dimorphism in the skeleton has long been used to build biological profiles in forensic cases 

(McKern and Stewart 1957; Gilbert and McKern 1973). Given this information, it unlikely that 

these hormones would have no affect on development and differentiation between variations in 

male and female cranial compositions. 

Furthermore, Ossenberg (1970) showed that certain skull remodeling patterns can have a 

hypostotic effect on the frontal and occipital regions of the skull and a hyperostotic effect on the 

lateral portions of the skull. Ossenberg considered sex to be an intrinsic factor in the presentation 

of these traits, considering the characteristics defining the masculine skull, such as prominent 

muscle attachments and more robust features, to be directly related to hyperostotic traits. 

Whether these factors should be considered non-chemical or not is uncertain. It is possible that 

the variation seen could be the result of both different musculoskeletal interactions in males and 

females, and an effect of different levels of testosterone and estrogen present during bone 

development. The answer is likely complex and will require further investigation. 

If the results of this study regarding male and female epigenetic trait differences can be 

repeated across multiple populations, it suggests that sex-specific factors may play a much bigger 

role in the development of these traits than previously thought. It also means that additional 

factors should be considered when utilizing previously constructed data sets, as many of these 

did not regard sex as a contributing factor.  

 

Age Differences 

 Age related differences are non-existent between those below 40 and those age 40 and 

above, with the exception of the left occipital condylar facet double. This indicates that for this 
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particular division, age does not play a notable role in the presence or absence of epigenetic traits 

on the skull. This however, does not rule out the potential for age to be a factor in epigenetic 

traits. The presence or absence of these traits is tied to development, and thus one would 

potentially have different results with a younger sample. The average age at death for the 

individuals in this study (39) rests at the point of general skeletal maturity, and extends up to the 

age of 89. This demonstrates that the reduction in bone mass and density in old age is less likely 

to play a role in the frequency of these traits. Further research could investigate the ways in 

which these traits manifest through the growing process by utilizing a sample with a median age 

in the teen years.  

 

Broader Significance 

 The conclusion of this study does not settle the debates around the mechanisms or the 

number of factors involved of epigenetic cranial traits. Instead, it clarifies the edges of potential 

paths of inquiry for future research. Based on the results of this study, it is suggested that traits 

should be addressed independently. Further, if seeking significance of epigenetic trait variation 

among groups, the proposed cumulative measure of 50% of statistically significant cranial traits 

is not a reliable overall measure of population variation. Overall assessments of this sort exist on 

a gradient where any cut-off point pertaining to the percentage of significant traits appear 

entirely arbitrary. Such inquiries are better carried out on a large sample and utilizing a variant of 

multivariate analysis of variance and covariance able to address the assumptions of nonmetric 

data.  Finally, it is suggested that future research addressing epigenetic variation within and 

among populations at different levels, should review and reassess the potential for exploring the 
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use of nonmetric traits in the study of sexual dimorphism and age variation and to identify the 

epigenetic factors at play in skeletal development at a biochemical level. 

 To further uncover the unknowns surrounding this subject, a multifaceted and 

interdisciplinary approach will be needed. Utilizing genetics, skeletal biology and cultural 

studies, a genuine biocultural approach will investigate the root internal causes, the external 

acting factors and the eventual phenotypic expression that flows from the interplay of these 

elements. By implementing this approach, and gaining a better understanding of the nature of 

these traits, this opens doors to the proper utilization of these traits in studies of biological 

distance and as an additional tool in building individual biological profiles within forensic 

anthropology. It also adds to the larger body of knowledge of human skeletal biology, which 

allows physicians and clinicians to unwind the complexities of skeletal development and the 

disorders associated with different developmental paths. 
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APPENDIX 

TRAIT LIST AND DESCRIPTIONS 

	
	

§ Lambdoid ossicle (medial and lateral) - One or more ossicles may occur in the 
lambdoid suture. Up to about twelve distinct bones may be present on either side 
(Berry & Berry 1967). 

 
 

 
§ Parietal foramen (Obellionic) (Right and Left)- This pierces the parietal bone near the 

sagittal suture a few centimeters in front of the lambda. It transmits a small emissary 
vein, and sometimes a small branch of the occipital artery (Berry & Berry 1967).
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APPENDIX (continued) 
 

§ Mastoid foramen (extrasutural) (Right and Left)- When present, the mastoid foramen 
usually lies in the suture between the mastoid part of the temporal bone and the 
occipital bone. Less frequently it lies extrasuturally, piercing the mastoid part of the 
temporal bone, or, more rarely, the occipital bone (Berry & Berry 1967). 

 
 

§ Coronal ossicle (Right and Left)- Ossicles are sometimes found in the coronal suture 
(Berry & Berry 1967). 
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APPENDIX (continued) 
 
 

§ Epiteric bone (Right and Left)- A sutural bone (the epiteric bone or pterion ossicle) 
may be inserted between the anterior inferior angle of the parietal bone and the 
greater wing of the sphenoid. When large it may also articulate with the squamous 
part of the temporal bone (Berry & Berry 1967). 

 
 

§ Fronto-temporal articulation (Right and Left)- Normally the frontal bone is separated 
from the squamous part of the parietal bone by the greater wing of the sphenoid and 
the anterior inferior angle of the parietal bone. Occasionally the frontal and temporal 
bones are in direct contact, forming a fronto-temporal articulation (Berry & Berry 
1967). 

 



	 	81	

APPENDIX (continued) 
 
 

§ Parietal notch bone (Right and Left) - The parietal notch is that part of the parietal 
bone that protrudes between the squamous and the mastoid portions of the temporal 
bone. It may form a separate ossicle which is known as the parietal notch bone (Berry 
& Berry 1967). 

 
 

§ Ossicle at Asterion (Right and Left)- The junction of the posterior inferior angle of 
the parietal bone with the occipital bone and mastoid portion of the temporal bone is 
known as the Asterion. A sutural bone may occur at this junction (Berry & Berry 
1967). 
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APPENDIX (continued) 
 
 

§ Ossicle in mastoid suture (Right and Left)- Ossicle found in the mastoid suture. 
 

 
 

§ Foramen of Huschke (Right and Left) - This is a foramen occurring in the floor of the 
external auditory meatus. It is always present in young children but only occasionally 
does it persist after the fifth year. It is most easily scored from the inferior aspect of 
the tympanic part of the temporal bone (Berry & Berry 1967). 
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APPENDIX (continued) 
 
 

§ Anterior condylar canal double (Right and Left) - This canal (foramen hypoglossi) 
pierces the anterior part of the occipital condyle and transmits the hypoglossal nerve. 
Embryologically the nerve originates from several segments and this may result in the 
canal being divided into two for part or all of its length. This is most easily scored by 
looking inside the foramen magnum (Berry & Berry 1967). 

 
 

§ Supraorbital foramen complete (Right and Left) - The supraorbital foramen transmits 
the supraorbital vessels and nerve. It is frequently incomplete (or open). In this case it 
is often described as a 'supraorbital notch' (Berry & Berry 1967). 
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APPENDIX (continued) 
 
 

§ Frontal foramen (Right and Left) - A well-defined secondary foramen in the vicinity 
of (usually lateral to) the supraorbital foramen has been scored as a frontal foramen. 
Frequently, a cluster of tiny foramina is present, but these have been ignored. 
However, scoring was inevitably somewhat arbitrary in a few borderline cases (Berry 
& Berry 1967). 

 
§ Suture into infraorbital foramen (Right and Left) - The course of the infraorbital canal 

may be marked externally both in the orbital floor and on the facial surface of the 
maxilla by the infraorbital suture. The infraorbital canal is situated in the floor of the 
orbit. It originates occasionally from the inferior orbital fissure, but usually from a 
groove beginning there, which is covered by an osseous roof after a variable distance. 
This posteriorly thin osseous riff increases in thickness anteriorly, and according to its 
thickness at the orbital margin the distance between the later and the infraorbital 
foramen varies (Hauser and De Stefano 1989). 
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APPENDIX (continued) 
 
 

§ Mylohyoid bridge (Right and Left) - From the mandibular foramen situated on the 
inside of the ramus mandibulae a mylohyoid groove (sulcus) of variable depth leads 
obliquely downward and anteriorly. This groove may be covered by an osseous roof 
of varying length and is thus transformed into a canal. The formation of such a canal 
may begin at the upper end of the groove, it may begin only in the central part of the 
groove, and it rare instances, also a combination of both. (Hauser and De Stefano 
1989). 

 
 

§ Accessory mental foramen (Right and Left) - On the external surface of each side of 
the mandible generally in the area below the premolars, and most frequently below 
the apex of the second premolar is situated the mental foramen. The foramen may 
vary with respect to its position, its shape and size, it may be double or multiple with 
varying distances between the apertures, and in rare instances may even be absent 
(Hauser and De Stefano 1989). 
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APPENDIX (continued) 
 
 

§ Os Japonicum (Right and Left) - The zygomatic bone is divided by one or two sutures 
it is named os japonicum, this name having originally been given to a bipartite form 
only (Hauser and De Stefano 1989). 

 
§ Occipital condylar facet double (left and right) - Size, position and shape of the 

condyles show great variation and so does their surface. This surface is an articular 
surface, which in the living is covered by cartilage, and is smooth, but it may be 
divided partially or completely into an antero-medial and postero-lateral half. The two 
parts are of approximately equal size and the dividing area generally separating them 
is characterized by a rough surface at a deeper level and be sharp edges separating it 
from the smooth articular surface (Hauser and De Stefano 1989). 
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APPENDIX (continued) 
 
 

§ Ossicle at lambda - A bone may occur at the junction of the sagittal and lambdoid 
sutures (the position of the posterior fontanelle). We have described this as an ossicle, 
and made no attempt to distinguish between a sutural bone in this position, and a 'true' 
interparietal or Inca bone formed from the membraneous part of the occiput. 
According to Wood- Jones this latter is very rare (Berry & Berry 1967). 

 
 

§ Inca bone - An approximately transverse suture divides the occipital squama in the 
position of the highest nuchal line, the part above this suture is name a complete Inca 
bone. This can also be divided by longitudinal sutures to make bipartite, tripartite or 
multipartite Inca bones (Hauser and De Stefano 1989). 
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APPENDIX (continued) 
 
 

§ Sagittal ossicle - Ossicles located in the sagittal suture (Hauser and De Stefano 1989) 

 
 

§ Bregmatic bone (Right and Left) - A sutural bone (the bregmatic or interfrontal) may 
occur at the junction of the sagittal suture with the coronal one (the position of the 
anterior fontanelle) (Berry & Berry 1967). 
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APPENDIX (continued) 
 
 

§ Metopism - The medio-frontal suture disappears within the first two years of life. In a 
few individuals it persists throughout life: this condition is known as metopism (Berry 
& Berry 1967). 

 

 

 

 

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




