
 

 

 

 

 
ABSTRACT 

 

Femoral Neck Axis Length (FNAL): 

Use in Biological Profiles of Deceased Undocumented Immigrants  

Audrey R. Murchland  

Director: Lori Baker, Ph.D. 

Since 1998, the bodies of more than 6300 undocumented immigrants have 

been discovered along the US-Mexico border. The Reuniting Families Project (RFP) 

is an effort to recover, identify, and repatriate these remains.  To begin the 

identification process, forensic anthropologists utilize population specific standards in 

the development of biological profiles.  Ancestry and sex estimations are two 

important elements of these profiles.  New, population-specific methodologies are 

always needed which can further improve the accuracy of these estimates.  In this 

study, the femoral neck axis length (FNAL) was examined to determine its potential 

use in sex and ancestry estimations of undocumented border crossers (UBCs).  

Comparison samples included: 87 American Black, 108 American White, 91 Native 

American, and 58 UBC specimens.  When classifying samples into ancestral groups 

with discriminant function analysis, FNAL provided very low classification 

accuracies, ranging from 34.7% to 40.4%.  However, when classing samples into 

males and females with DFA, FNAL provided high classification accuracies ranging 

from 83.4% to 91.4%.  The sectioning point then calculated for UBCs, in particular, 

provided an averaged classification rate of 89.85%.  The results of this study show 

considerable promise for the future use of FNAL in forensic anthropology.   
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CHAPTER ONE 

 
Literature Review  

 The first and most important element in the identification process of 

individuals in the field of forensic anthropology is the establishment of a biological 

profile.  This profile consists of age, sex, ancestry, and stature estimations calculated 

from the skeleton using osteological analysis.  Because the identification of an 

individual is often impossible without an accurate profile, these estimations must be 

valid.  Two components of the biological profile in particular, sex and ancestry, are 

inextricably linked and, as a result, must be always considered in reference to each 

other (Konigsberg et al., 2009).  Ancestry, to begin with, is defined as, “a 

scientifically derived descriptor of the biological component of population variation” 

and is often considered the most challenging estimation to make (Duray et al., 1999; 

Konigsberg et al., 2009; Sauer and Wankmiller, 2009; Byers, 2010).  The utilization 

of racial terms to describe ancestral differences, however, has resulted in this 

estimation coming under considerable scrutiny within anthropology.    

 

The Debate over Ancestry 

 

 Race, unlike ancestry, is biologically meaningless.  It is a, “socially 

constructed mechanism for self identification and group membership” (Konigsberg et 

al., 2009).  Previously, the human race concept argued that phenotypic, cultural, and 

behavioral similarities of peoples classified them as biologically discrete.  However, 

this concept of race for human populations has been discredited as a research tool in 

the sciences and social sciences and as a valid representation of biological diversity 
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(Sauer, 1992).  In fact, 80% of cultural anthropologists and 69% of physical 

anthropologists disagree with this statement: “There are biological races in the 

species Homo sapiens” (Sauer and Wankmiller, 2009).  The discrediting of the human 

race concept, however, does not mean that there is not recognized and systematic 

human variation between regional and social groups (Sauer, 1992).   

Race and geographic location still influence and even restrict gene flow 

around the world.  Human beings tend to reproduce with those that are close in 

proximity and socially similar.  In a recent study of whites who placed online dating 

ads, ~50% said that race was not important, but 90% of those individuals replied only 

to white respondents (Hinkes, 1993).  So while there is a great deal of genetic overlap 

between local people groups and significant variation within groups, on a much larger 

scale, humans do show geographically patterned variation as a result of both of these 

influences among others.  This patterned variation, then, can allow individuals and 

populations to be classified into ancestral groups at a rates greater than chance alone 

(Ousley et al., 2009).  

In order for an identification to be made, however, ancestry estimations must 

be translated into the racial terms available on missing persons reports (Sauer, 1992; 

Konigsberg et al., 2009; Ousley et al., 2009b; Byers, 2010). These racial terms reflect 

the vernacular of the surrounding society and using them can increase the chance of 

identification (Sauer, 1992).  This use of racial terms in forensic anthropology, then, 

is simply to facilitate a match between the remains and the identity of an individual.  

For the purposes of this thesis, individuals of mainly European ancestry will be 

referred to as White, those of mainly African ancestry will be referred to as Black, 
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individuals of Asian ancestry will be referred to as Native American (depending on 

the geographic location with which the population is associated), and those from 

Latin American geographic regions will be referred to as Hispanic. 

 

Ancestry Estimation 

 

Forensic anthropologists must weigh the presence or absence of all skeletal 

traits before estimating ancestry due to the considerable amount of overlap of traits 

between populations.  Remains that exhibit ambiguous ancestral variation are 

classified by the ancestral group of their identifiable characteristics that is considered 

a racial minority (Byers, 2010).  Additionally, the standard methodologies used to 

evaluate these traits are only applicable in persons considered adult.  Dentition, 

however, can be used to estimate the ancestry of individuals who have not achieved 

sexual maturity (Byers, 2010).   

 Forensic anthropologists conduct two main forms of osteological analysis for 

ancestry estimations: anthroposcopy and osteometry.  Anthroscopy is the method of 

observing visually assessing the discernable characteristics in skeletal elements, 

particularly the cranium.  These assessments, though, are subjective in nature and are 

not as reliable as previously believed (Berg et al., 2007; Hefner, 2009; Byers, 2010).  

As a result, their use has fallen out of favor and they have largely been replaced by 

standardized osteometric methodologies.  Osteometry is the metric assessment of 

skeletal analysis, allowing for both quantification and standardization in the field.  In 

fact, (Konigsberg et al., 2009) states that the first goal of forensic anthropology, 

developing a biological profile, is now a statistical problem and should be understood 

as probability based (Konigsberg et al., 2009; Byers, 2010).    
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 The reliability of osteometric analysis can vary, though, depending upon the 

experience of the scientist performing the measurements.  A study evaluating the 

reliability and validity of forensic measurements found that the Scaled Error Index 

(SEI) dropped as experience increased (Adams and Byrd, 2002).  Individuals with the 

least experience had the most variation between measurements and vice versa. After 5 

years of experience, though, there was no apparent improvement in the amount of 

variation between or error in measurements for an individual.  Additionally, the same 

measurements were found to be problematic regardless of experience level.  

Troublesome measurements were those with difficult and varying landmarks or 

poorly defined standards.  Measurements taken with an osteometric board, though, 

were more consistent than measurements taken with other instruments.  Clearly, the 

establishment of a clear standard, the use of reliable and common tools, and 

considerable experience are necessary to improve forensic methodologies in 

osteological analysis (Adams and Byrd, 2002).  

 

Cranial Estimation 

 

 The cranium is the most common skeletal element utilized and trusted in 

assessing ancestry (Rhine, 1993; Duray et al., 1999; Ousley et al., 2009a; Byers, 

2010).  Traditional analysis relied on the visual assessment of physical cranial 

differences, particularly of the nasal region, face and facial vault, eyes, and dentition 

(Byers, 2010).  Newer efforts, though, utilize metric assessments and standardizations 

of the cranium.  

 Many, if not all, forensic anthropologists now rely upon the statistical 

program FORDISC to analyze cranial measurements.  FORDISC is a statistical tool 
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that calculates the most probable ancestral group for a particular cranium based upon 

comparison between its measurements and those of 11 reference groups included in 

the program sample (Wescott, 2005; Byers, 2010; Okrutny, 2012).  The reference 

groups within FORDISC, pulled from the Forensic Data Bank, have received some 

criticism, however, over the current reliability and accuracy of the program (Elliott 

and Collard, 1009; Spradley et al., 2008).  In comparison to the original 80% to 95% 

classification accuracies calculated by Giles & Elliot (1962), more recent studies 

found classification accuracies as low as 40% and 60% when analyzing modern 

skeletons against the program’s reference samples that date back to the early 1900s 

(Elliott and Collard, 2009).  

 Additionally, Spradley and colleagues (2008), by analyzing craniums against 

the Hispanic reference sample in the Forensic Data Bank, found that given the current 

samples available, FORDISC could not accurately determine Hispanic ancestry.  Due 

to demographic changes in the United States, a greater representation of individuals 

of Hispanic ancestry from modern skeletal samples need to be collected and added to 

improve the Forensic Data Bank (Spradley et al., 2008).  Many forensic 

anthropologists today are making considerable efforts to expand and update reference 

samples to better represent secular and demographic changes in the United States as a 

result of these findings.  

 

Post-Cranial Estimations 

 

 Cases in which the cranium is missing or damaged, ancestry estimation 

becomes more difficult (Wescott, 2005; Byers, 2010; Okrutny, 2012).  Forensic 

anthropologists must turn to post-cranial elements to complete the biological profile.  
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While post-cranial elements have been shown to provide better accuracy than the 

cranium in sex estimation (Spradley and Jantz, 2011), there are a limited number of 

post-cranial elements which currently provide high classification rates for ancestry.  

Moving from proximal to distal in reference to the cranium, the upper-axial skeleton 

has received very little attention in forensic research.  However, several elements do 

show promise for differentiation between individuals of African and European 

ancestry (Marino, 1997; Duray et al,. 1999; Kindschuh et al., 2012).   

 The first cervical vertebrae can provide a classification accuracies ranging 

from 76% to 60% between American Blacks and Whites (Marino, 1997).   While 

clearly a significant decrease in accuracy from those found in cranial elements, this 

measurement still provides an ancestral classification that is greater than chance 

alone.  Likewise, the bifurcation of the spinous processes of C3-C6 shows a 

statistically significant difference between American Blacks and American Whites 

(Duray et al., 1999).  Whites have a greater incidence of bifurcation than Blacks, who 

commonly express nonbifidy, particularly in CV3 and CV4.  In fact, CV3 and CV4 

can provide an ancestry estimation with an average classification accuracy of 76% 

(Duray et al., 1999).  

 Apart from the vertebrae, the hyoid has also shown use in assessing ancestry.  

Research has shown that the position of the hyoid, in reference to the mandible, 

remains constant.  Changing the position of the mandible changes the position of the 

hyoid (Kindschuh et al., 2012).  Increased or decreased prognathism, then, could 

result in size and shape differences between ancestral groups.  By examining this 

relationship, Kindschuh et al. (2012) found that the hyoid could provide classification 
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accuracies from 73% to 77% between Blacks and Whites.  In all of the dimensions: 

total hyoid width, maximum length of the body, and the width of the distal ends of the 

greater cornua, the hyoids of the White sample were significantly larger than those of 

the Black sample (Kindschuh et al., 2012).   

 The clavicle has additionally shown significant differences in morphology 

between both ancestral groups and sexes (Terry, 1932; Okrutny, 2012).  In ancestral 

estimation, in particular, the acrimonial extremities of Black male clavicles were 

found to be significantly narrower than their White male counterparts.  Additionally, 

Black male clavicles were also more likely to have a smaller or absent conoid 

tubercle (Terry, 1932; Okrutny, 2012).  

 Distal to the upper axial skeleton, the pelvis is commonly utilized in sex 

estimations (Taylor and Dibennardo, 1984; Byers, 2010; Okrutny, 2012).  However, it 

also has use in estimations of ancestry.  Research in obstetrical disciplines shows that 

the transverse and biiliac breadths are not sensitive dimensions to environmental and 

socioeconomic factors of a population (Işcan, 1983).  Therefore, these dimensions can 

provide reliable estimates of ancestry.  Even though this method requires complete 

innominates and sacrum, which may not always be available in forensic contexts, it 

can provide classification accuracies as high as 88%, with minimal inter-observer 

error (Işcan, 1983).  In the case of an incomplete pelvis, however, the greater sciatic 

notch and acetabular area are also highly resistant to damage and can differentiate 

between American Blacks and American Whites.  For example, size, with regard to 

notch height, notch position, and acetabular measurements, is generally larger in 

Whites than in Blacks (Taylor and Dibennardo, 1984; Okrutny, 2012).  
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 The femur is by far the most examined post-cranial skeletal element for its 

potential use in ancestry estimations (Işcan, 1983; Okrutny, 2012; Christensen et al., 

2014).  Numerous methodologies have shown significant differentiation between 

ancestral groups through differences in anterior femoral curvature, subtrochanteric 

shape, and intercondylar notch morphology (Stewart, 1962; Walensky, 1965; Gilbert, 

1976; Ballard and Trudell, 1999; Okrutny, 2012). To begin, anterior femoral 

curvature, in particular, is useful in distinguishing Native Americans, American 

Blacks, and American Whites.  Although the measurement requires a complete or 

nearly complete femur (Stewart, 1962; Okrutny, 2012).   

 Stewart (1962) examined femoral differences between American Indians of 

the Dakota area, American Whites, and American Blacks.  He found that average 

length of femora classified the groups from longest to shortest: Blacks, Indians, and 

then Whites.  However, when classified by shaft curvature, the groups fell from most 

curvature to least curvature: Indians, Whites, and then Blacks.  Additionally, there 

was a direct relationship between femoral curvature and proximal femoral torsion: the 

greater the femoral curvature, the greater the torsion (Stewart, 1962; Okrutny, 2012).  

While the differences in the average femoral curvature of the ancestral groups suggest 

potential classificatory use, statistically, Stewart’s technique (1962) could only 

significantly differentiate Indians from Blacks and Whites.  Whites and Blacks 

statistically could not be differentiated from each other (Gilbert, 1976; Ballard and 

Trudell, 1999; Okrutny, 2012).  

 Walensky (1965) soon expanded Stewart’s study by collecting a much larger 

sample size and added Eskimo ancestral groups.  Sex and side differences were 
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statistically insignificant.  However, American Blacks with little admixture were less 

bowed than American Indians and American Whites.  Additionally, the point of 

maximum curvature in the American Black sample was above the midshaft and much 

more proximal than the comparison groups.  In agreement with Stewart’s findings, 

American Indians and Eskimos were the most bowed with the point of maximum 

curvature below the midshaft and more distal than the comparison groups.  Walensky 

(1965) ultimately concluded that anterior femoral curvature could only be used to 

differentiate between ancestral groups with little admixture and suggested that these 

differences developed from a combination of genetic and environmental factors 

(Walensky, 1965; Okrutny, 2012).  Therefore, this measurement may not be useful 

when differentiating highly admixed groups like Hispanics.  

 Cultural influences, however, such as equestrian, temporal, clinal, or postural 

differences were not found to significantly influence anterior femoral curvature 

(Gilbert, 1976; Okrutny, 2012).  After examining an additional seven Native 

American samples ranging from pre-Columbian to post contact in North and South 

America, Gilbert (1976) found that anterior femoral curvature differentiated between 

American Indians, Blacks, and Whites.  However, the measurement could not 

statistically differentiate between the prior groups and samples of South American 

Indians.  Additionally, equal curvature was found between non-equestrian societies 

and equestrian ones, modern and historic samples from similar areas, and populations 

in the same location and as those in different geographical areas.  On the other hand 

though, similar cultures did not have similar curvatures (Okrutny, 2012).  Gilbert 

concludes from these findings that the assumed genetic basis for anterior femoral 
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curvature is a feature of a human plastic response to gross body weight rather than a 

result of the previously discussed influences.  Thus, the anterior femoral curvature 

could be trusted as a useful ancestral estimation technique (Gilbert, 1976).   

 Analysis of subtrochanteric shape utilizing the platymeric index has also use 

in differentiating Native Americans from non-Native Americans (Gilbert and Gill, 

1990; Okrutny, 2012).  This simple metric technique requires only the subtrochanteric 

anteroposterior and mediolateral dimensions of the femur.  By plotting the 

subtrochanteric anteroposterior diameter against the mediolateral diameter, 100% of 

American Black and White femora were classified correctly with a sectioning line 

and 61% of the Native American femora were classified correctly. However, 

adjusting the previous sectioning line, the technique is improved for Native 

Americans, correctly classifying 78% of Native Americans and 85% of American 

Whites, by not including American Blacks (Gilbert and Rhine 1990).  This 

classification results from the relatively anteroposteriorly flattened cross-section 

(platymeric) exhibited in Native Americans.  American Blacks and Whites, however, 

display a more round proximal diaphysis (platymeric) (Gilbert and Gill, 1990; 

Okrutny, 2012). Originally believed to be a highly heritable trait because it did not 

display temporal change (Gilbert and Gill, 1990; Okrutny, 2012); environment and 

biomechanics may play an important role in the development of this variation 

(Wescott, 2006; Okrutny, 2012).  

 In fact, Wescott (2006) found that subtrochanteric shape develops in 

relationship with biomechanical stresses associated with development of an adult gait 

pattern.  At birth, the subtrochanteric shape is relatively circular or eumeric.  From 
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birth to 5 years, however, the subtrochanteric shape becomes more medially broad 

especially in Native Americans.  Due to shorter femora in relation to their hip 

breadth, Native Americans experience greater mediolateral stress while developing a 

mature gait in comparison to American Whites and American Blacks. As a result, 

they develop a more eumeric subtrochanteric shape than the comparison groups. In 

fact, the previously discussed sectioning line provides an 85% classification rate 

between Native Americans and American Whites and Blacks in sub adults over six 

years old (Wescott, 2006; Okrutny, 2012).   

 All platymeric index studies conclude that Native Americans can be 

separated from American Blacks and American Whites with these measurements but 

indicate that American Blacks and American Whites cannot be further separated, 

limiting the use of the platymeric index in some forensic contexts. However, care 

should be taken while utilizing the subtrochanteric analysis.  Subtrochanteric 

measurements have been shown to have a significant amount of both intra- and inter-

observer error, regardless of experience level (Adams and Byrd, 2002; Wescott and 

Srikanta, 2008; Okrutny, 2012).  Additionally, Native Americans display a significant 

amount of genetic diversity, which results in changing or varying amounts of 

platymeria (Wescott, 2005; Okrutny, 2012).  

When femora are complete or when original diaphyseal curvature has been 

preserved, the maximum notch height can, however, differentiate between American 

Blacks and Whites.  Notch height is the measurement from the flat surface on which 

the complete bone is resting up to, “the most superior point of the anterior outlet of 

the intercondylar notch” (Baker et al., 1995; Okrutny, 2012).  The notch height is 
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influenced by both femoral curvature and sexual dimorphism.  As a result, it can be 

used for both ancestry and sex estimations so long as one of the two estimations 

known.  Greater curvature in the diaphysis leads to a smaller intercondylar notch 

measurements and classification as American White.  Less curvature in the diaphysis, 

however, leads to larger intercondylar notch measurements and classification as 

American Black (Baker et al., 1995; Okrutny, 2012).   

The intercondylar notch height is also affected by differences in intercondylar 

angle.  This angle is radiographically determined by two landmarks: Blumensaat’s 

line and the posterior cortex of the distal femur (Craig, 1995; Okrutny, 2012).  A 

more acute angle results in a higher notch height, and thus often classifies an 

individual as American Black.  Likewise, the lower the angle, the lower the notch 

height and a greater classification as American White.  This measurement is 

particularly useful because it can be taken on fragmentary femora, femora with 

pathologic conditions, or femora displaying articular trauma (Craig, 1995; Okrutny, 

2012).  However, a great deal of inter- and intra- observer error when taking the 

intercondylar angle has been shown.  This error results from the placement of the 

“best-fit” lines through the landmarks (Berg et al., 2007; Okrutny, 2012).   

 

Sex Estimations 

 

 Equally important, if not more, in the biological profile is an estimation of 

sex.  The pelvis is considered the best indicator of sex and is the first element forensic 

anthropologists refer to in analyses (Dwight, 1905; Phenice, 1967; Sutherland and 

Suchey, 1991; Byers, 2010; Tise, 2010; Spradley and Jantz, 2011).  In particular, the 

ventral arc and the ischio-pubic ramus have shown exceptional sexual dimorphism 
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and, thus, use in sex estimations (Phenice, 1967; Sutherland and Suchey, 1991; Tise, 

2010).  For example, the ventral arc alone, when using the Phenice (1969) method, 

has shown greater than 95% classification accuracy in some analyses (Phenice, 1967; 

Sutherland and Suchey, 1991; Tise, 2010).  

 In cases in which the pelvis is not available, France (1998) and Spradley 

(2013) have shown that elements of the postcranial skeleton are more accurate than 

the skull when estimating sex (Tise, 2010).  However, Thomas Dwight (1905) was 

actually the first to suggest that postcranial elements were more accurate than the 

skull in estimating sex.  He believed that, apart from the pelvis, the articular surfaces 

of long bones, particularly the femur and humerus, displayed sexual dimorphism.  

Originally hypothesizing that the femur was more sexually dimorphic of the two, his 

results found that, statistically, the head of the humerus showed more sexual 

dimorphism than that of the femoral head (Dwight, 1905; Tise, 2010).  

 More recently, France (1998) developed classification equations for use in 

analyses of sex on skeletal remains of a known ancestral population.  In her study, she 

provided classification equations for the entire post-cranial skeleton with some 

measurements providing greater than 90% classification accuracy (France, 1998; 

Tise, 2010).  France’s study was important because it was the first to examine the 

entire post-cranium skeleton and provide classifications for all elements.  Often in 

forensic contexts, not all skeletal elements are available or recovered, limiting the 

potential analyses available.  By having more sectioning points and classification 

equations available, it is more likely a valid estimation of sex can be made.   



 

 14 

 Since then, many post-cranial skeletal elements have continued to be 

examined for sexual dimorphism including: the clavicle, scapula, humerus, radius, 

bones of the feet, and many more (Tise, 2010).  While many populations groups have 

been studied for skeletal sexual dimorphism (Tise, 2010), the majority of methods 

used by forensic anthropologists for sex estimations were developed on American 

Black and American White samples from the late 19th century and early 20th century 

(Spradley et al., 2008; Tise, 2010).  Because sexual dimorphism is limited and 

influenced by ancestral group membership, sex estimations are dependent upon the 

appropriateness of the known-sex reference samples used for comparisons 

(Konigsberg et al., 2009).  As a result, these American White and Black standard 

classifications are limited in use and even inappropriate for analyses of other 

population groups, such as those considered Hispanic.  

 

 

Hispanics and Undocumented Border Crossers 

 

 The second largest population group in the United States is referred to as 

Hispanic, which usually is an umbrella term covering individuals of Spanish-speaking 

origin.  In fact, Spradley (2008) asserts that “Hispanic” is a social construct with no 

precise genetic meaning.  The term Hispanic, however, is defined by the U.S. Census 

Bureau as an individual originating from Mexico, Puerto Rico, Cuba, or South and 

Central America (Spradley et al., 2008).  For such a large population, though, there 

are no skeletal collections with large numbers that represent this group.  The Hispanic 

comparison groups in the Forensic Data Base are either considered Hispanic based on 

the context (their remains were found along the border) or they have a designation of 
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Hispanic with no further information regarding geographic origin (Spradley, 2013).  

Currently, forensic anthropologists study the remains of undocumented border 

crossers as potentially representative samples of those of Hispanic ancestry.  

While the majority of Hispanics and undocumented border crossers residing in 

the United States are from Mexico, many originate from other parts of Latin America 

(U.S. Border Patrol).  Comparison of the cranial morphology of undocumented border 

crossers recovered in different states along the U.S.-Mexico border has revealed 

considerable variation between those that cross in Arizona and those that cross in 

Texas (Spradley, 2014).  Likewise, apprehension rates of the US Border Patrol reveal 

that Texas has the highest rate of “other than Mexicans” attempting to cross the 

border at 37%, with Arizona following at 14%, and California at 4% (U.S. Border 

Patrol; Spradley, 2014). This variation between UBCs from Texas and Arizona, then, 

suggests that a considerable amount of phenotypic variation is seen between 

geographical areas in Latin America and those considered “Hispanic” in the United 

States. As a result, analysis of Undocumented Border Crossers is limited in its ability 

to differentiate between different Latin American geographical populations.   

 However, when using the standard methodologies developed on American 

White skeletal collections in analyzing the morphology of skull and overall skeleton 

size, Hispanic males are often misclassified as female (Spradley et al., 2008; Tise, 

2010; Tise et al., 2013). Hispanic populations are smaller and more gracile than 

American Black, American White, and Native American populations.  As a result, a 

recent study found that, when using the American White criteria for sex classification, 

100% of Hispanic females were classified correctly but 70% of Hispanic males were 
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misclassified as females (Spradley et al., 2008).  Forensic anthropologists, then, are 

currently working to produce more population specific methods that aid in the 

estimation of sex in Hispanics.      

 In fact, Tise (2013) and Spradley (2013) both recently developed population 

specific sex classification sectioning points for those in the United States considered 

Hispanic.  Spradley’s (2013) report was an expansive review of identified Mexican 

individuals in PCOME (Pema County Office of the Medical Examiner), and two 

documented cemetery collections with individuals from Mexico, Zimapan, Hidalgo, 

and Merida, Yucatan (Spradley, 2013).  Sectioning points were developed for each 

long bone, clavicle, scapula, and calcaneus from these sample populations.   

 The new population specific sectioning points and classification functions 

provided cross-validated classification rates for Hispanics of up to 96% (Spradley, 

2013). From the standard postcranial measurements, the scapula provided the highest 

overall classification rate of 95.55% (Spradley, 2013). The femur, likewise, provided 

a classification accuracy of 92.95% (Spradley, 2013).  

 However, more criteria are still needed to accurately assess the sex and 

ancestry of individuals considered Hispanic or many will remain unidentified as they 

show up in forensic anthropological cases across the United States.  In forensic 

casework, varying amounts of skeletal elements are often recovered for analyses.  In 

order to increase the probability of a positive identification, then, there need to be a 

wide array of available cranial and post-cranial methodologies and sectioning points.  
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Femoral Neck Axis Length 

 

Recently, Christensen (2014) examined the relationship between hip-axis 

length and femoral neck axis length to determine their potential use in estimating sex 

and ancestry.  Previous work conducted by skeletal health experts, particularly in 

densitometry, has shown a relationship between proximal femur geometry and 

osteoporosis-related fracture risk for particular ancestral groups.  These studies 

examined hip-axis length (HAL), which is the distance between the base of the 

greater trochanter through the femoral neck axis to the pelvic brim (Figure 1).  HAL 

was shown to positively predict hip fractures.  White women on average had greater 

HAL measurements and greater fracture risk than Black women (Christensen et al., 

2014).  As a result, Christensen (2014) conducted a retrospective cohort study to 

examine the potential use of HAL and femoral neck axis (FNAL) as methods of 

estimating sex and ancestry in forensic cases.   

FNAL is related to HAL but excludes the pelvic component.  FNAL is defined 

is the distance from the base of the greater trochanter through the femoral neck axis to 

the apex of the femoral head (Figure 2) (Christensen et al., 2014).  Utilizing dual-

energy x-ray absorptiometry, Christensen examined the differences of HAL and 

FNAL between individuals of European, Asian, and African ancestry.  The results 

indicated that both HAL and FNAL measurements were significantly different 

between the ancestral groups investigated.  Europeans had the greatest HAL and 

FNAL measurements, followed by Africans, and then Asians.  Additionally, all group 

comparisons between males and females showed statistically significant differences 

(Christensen et al., 2014).  
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 To examine if the FNAL alone could be utilized to generate accurate 

estimations of sex or ancestry in a forensic context, Meeusen, in a publication under 

review, used standard sliding calipers to record the FNAL measurements of American 

Black, American White, and Native American sample populations.  Discriminant 

function analysis then revealed that these FNAL measurements classified specimens 

into their original groups with classification accuracy rates ranging from 41.6% to 

48.5%.  Sectioning point methods between ancestral group pairs, however, resulted in 

classification accuracy rates between 52.59% and 72.28%.  Additionally, FNAL 

measurements of American Black and American White samples more similar to each 

other than compared to FNAL measurements of the Native Americans samples 

(Meeusen, 2013).   

Discriminant function analyses then also revealed that the original FNAL 

measurements classified specimens into their originally assigned sex with 

classification accuracy rates ranging from 84.5% to 87.0%.  Ancestral group specific 

sectioning points also then provided classification rates ranging from 83.79% to 

87.04%. The results clearly indicate that FNAL shows limited use in estimating 

ancestry between population groups but considerable promise for use in developing 

sex estimations (Meeusen, 2013).   

These studies, however, were unable to include Hispanic samples in their 

comparisons due to the unavailability of Hispanic sample collections.  Therefore, the 

purpose of this study is to reanalyze the findings of Christensen and Meeusen while 

including a sample of undocumented border crossers as a proxy for individuals of 

Hispanic ancestry.  
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Figure 1: Hip Axis Length (HAL) 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Femoral Neck Axis Length  

 

 

  
 

 

Figures provided by: Rebecca Meeusen, MS  
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CHAPTER TWO 

 

Hypothesis 

 

 

 

With the primary objective of identifying and developing an accurate and 

reproducible method for estimating sex and ancestry of Hispanic populations, this 

study hypothesizes that FNAL will provide high classification accuracy rates in 

differentiating between males and females but only limited differentiation between 

ancestral groups.     

 

First Research Question: Is the femoral neck axis length an easily reproducible 

measurement for forensic analyses?  

 

Hypothesis 1: FNAL, because it is well defined and has both low inter- and 

intra- observer error, is an easily reproducible measurement in forensic 

analyses. 

 

Null Hypothesis: FNAL is not an easily reproducible measurement in forensic 

analyses.   

 

 

Second Research Question: Does the FNAL measurement significantly differentiate 

between ancestral groups such that it can be used in forensic analyses?  
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Hypothesis 2: The FNAL measurement does significantly differentiate 

between ancestral groups.  Thus, FNAL may serve as a useful tool in forensic 

estimations of ancestry.    

 

 

Null Hypothesis: The FNAL measurement does not significantly differentiate 

between ancestral groups. Thus, FNAL cannot serve as a useful tool in 

forensic estimations of ancestry.   

 

 

Third Research Question: Does the FNAL measurement significantly differentiate 

between males and females such that it can be used in forensic analyses?  

 

 

Hypothesis 3: The FNAL measurement does significantly differentiate 

between males and females.  Thus, FNAL may serve as a useful tool in 

forensic analyses.      

 

 

Null Hypothesis: The FNAL measurement does not significantly differentiate 

between males and females.   Thus, FNAL cannot serve as a useful tool in 

forensic analyses.   

 

Aim: Depending upon the ability of FNAL to differentiate between ancestral groups 

or sexes, the aim of this study is to develop population specific sectioning points for 

future use in forensic analyses of Hispanics.      
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CHAPTER THREE 

 

Methods and Materials 

 

 
Sample 

 
  A sample of unidentified border crossers who were exhumed by the Reuniting 

Families Project in 2013 and 2014 were measured in this study.  The Reuniting 

Families Project (RFP) is an effort to recover the remains of the unidentified for the 

purposes of identification and repatriation.  Between 2011 and 2012 the migrant death 

rates in Brooks County, Texas rose dramatically from 52 deaths to 130 deaths (Baker, 

2014).Without adequate resources, proper forensic analyses, including DNA 

sampling, could not be conducted by the county and the migrants were buried as 

“unknown”.  The exhumations of these individuals became necessary in order to 

provide proper analyses and the only opportunity for identification.   

 The sample of undocumented border crossers measured in this study was 

exhumed from the Sacred Heart Cemetery in Falfurrias, Texas.  Exhumations were 

performed by teams of students from Baylor University under the direction of Dr. 

Lori Baker and a team from the University of Indianapolis under the direction of Dr. 

Krista Latham.  After the exhumations, remains were divided between Baylor 

University, Texas State University, the University of Indianapolis, and the Joint 

POW/MIA Accounting Command (JPAC) for analyses and then returned to Baylor 

University and Texas State University for storage.  This sample was selected for use 

as a representative population for those of Hispanic ancestry.  Due to the variability 
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seen in undocumented border crossers (UBCs), however, and the nature of their 

unidentified status, this sample serves to provide only preliminary information about 

Hispanics.  

 The UBC sample at Baylor University and Texas State University was 

compared to samples of American Black, American White, and Native American 

groups that were measured by Rebecca Meeusen, MS, under the direction of Dr. Angi 

Christensen, Ph.D.  The Native American sample was selected as a proxy for Asian 

ancestry because no Asian skeletal collection was available of appropriate size.  

These samples originated from the Robert J. Terry Anatomical Skeletal Collection at 

the Smithsonian National Museum of Natural History, the William M. Bass Donated 

Skeletal Collection at the University of Tennessee, Knoxville, and the Averbuch Site 

Skeletal Collection, also at the University of Tennessee, Knoxville (Meeusen, 2013).   

Individuals measured by Meeusen from the Terry Collection were born 

between 1922 and 1943.  Dr. Robert Terry and Dr. Mildred Trotter established the 

majority of the Terry Collection from cadavers originally used in anatomy classes.  

These cadavers were donated mostly from St. Louis hospitals and institutional 

morgues with additional donations from across the state of Missouri.  Until 1955, the 

cadavers that became part of the collection were individuals who were not claimed or 

were turned over to the state by relatives.  With the passing of the Willed Body of 

Missouri law, however, it was required that individuals or their families signed 

releases allowing their bodies to be used for scientific purposes. As a result, 

individuals of lower socioeconomic status made up the collection early on, but those 

of middle and higher socioeconomic status became more prevalent after 1955.  
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Documentation for individuals in the collection consists of morgue records containing 

sex, age, assigned ethic identity, cause of death, date of death, and additional 

processing information.  The collection consists of 1728 individuals with age ranging 

from 16 to 102 years of age.  Additionally, the collection has almost equal 

representation of American Black male, American Black female, American White 

male, and American White female sample groups (Hunt).  

The William Bass Collection, also measured by Meeusen, consists of 

individuals born between 1892 and 2011 (Meeusen, 2013).  Dr. William Bass 

established the collection as a body donation program in 1981 and consists of under 

1000 male and female individuals across all age ranges.  Donations to the collection 

were made either by the individual prior to death, the family of the individual, or the 

medical examiner.  Unlike the Terry Collection, the individuals in the Bass collection 

represent a much larger geographical area including 36 states with the majority 

originating from Tennessee and the Southeastern United States.  Additionally, almost 

all individuals have known age, sex, ancestry, cause of death, and body mass 

information (UT Knoxville). 

The Native American sample measurements were collected from the 

Averbuch Collection and date from 1100 to 1350 (Meeusen, 2013).  Averbuch is an 

archaeological site located between the Nashville Basin and Highland Rim in 

Tennessee.  The site consisted of three cemeteries that totaled 645 graves and 887 

individuals.  However, only 285 males and 251 males were excavated due to time 

limitations and/or site destruction.  Archaeological study has shown that this 

population participated in a mixed subsistence economy with both hunting and 
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gathering and agricultural production (Maxwell, 2011).  Due to the archaeological 

nature of this collection, all sex and ancestry assignments are estimated.   

The comparative samples totaled 286 specimens, including 32 American 

Black females, 55 American Black males, 54 American White females, 54 American 

White females, 44 Native American females, and 47 Native American males.  The 

UBC sample totaled 58 specimens including 21 UBC female specimens and 37 UBC 

male specimens (Table 1).  Therefore, the overall sample size totals 344 specimens. 

 Individual femora were selected based on the following criteria.  For 

comparative samples, all had known ancestry and sex, with the exception of the 

Native Americans.  For the UBC sample, all ancestry was assigned as 

“Undocumented Border Crosser” (UBC) due to the uncertainty of their ancestry.  Sex 

estimations on UBCs and Native Americans were conducted by using sectioning 

points.  American Black and American White samples had documented sex 

classifications.  All femora were from adult skeletons, defined as the complete fusion 

of the femoral growth plates.  The left femur was measured and used for group 

comparisons when possible.  The right femur was substituted when the left was 

unavailable or did not meet the criteria and the substitution noted.  Femora were 

disqualified when the FNAL could not be measured or when visible fractures, 

pathologies, or anomalies affected the FNAL.  Comparative samples also only 

included femora with measureable femoral length (Meeusen, 2013).   

The condition of the limited sample of UBCs posed challenges to the above 

criteria.  Several specimens were included in which the FLs could not be measured. 

Prior examination of the relationship between FL and FNAL showed limited use in 
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sex and ancestry estimations (Meeusen, 2013).  As a result, the UBC specimens 

without a FL were allowed in the sample, and a subset with FL was chosen to 

reevaluate the FNAL and FL relationship further. When one femur of an individual 

with a complete FL was available, the complete femur was used; right femora 

substitutions were noted.  

 

Measurement 

 

 The FNAL measurement was originally developed to evaluate densitometry 

data (Christensen et al., 2014).  In order to evaluate the measurement for use in 

potential forensic contexts, the definition was further refined as, “ the distance from 

the base of the greater trochanter (defined as the point directly inferior to the greatest 

lateral projection of the greater trochanter) to the apex of the femoral head, excluding 

any lipping on the fovea capitus femoris” (Meeusen, 2013).  According to Meeusen 

(2013), to measure the FNAL, the femur is placed posterior-side down on a horizontal 

surface, and the measurement is read from above, from the anterior viewpoint 

(Figures 3-4). 

 This measurement requires only a sliding caliper, which is commonly found in 

forensic and archaeological laboratories.  FNAL measurements of the comparison 

samples were taken by Meeusen, MS, with the same Mitutoyo Absolute Digimatic 

SlidingCaliper (Aurora, IL) (Meeusen 2013).  FNAL measurements of the UBC 

sample were measured by the primary researcher along with a secondary observer 

(Dr. Lori Baker) using the same Scherr-Tumico Metric Sliding Caliper (St James, 

MN).  All measurements were rounded to the nearest mm.     
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 Sex, ancestry, and age estimations along with collection and specimen number 

were recorded in a Microsoft Excel spreadsheet at the time of measurement.  

Measurements were entered directly into the spreadsheet to minimize transcription 

error.  The measurements recorded for the UBC sample included the FNAL and FL 

for both femurs if available, the maximum femoral head diameters (MAX FHD), and 

measurements of additional postcranial skeletal elements for use in sex estimation. 

 Using the method described above, the FNAL of each femur was measured 

once by the primary observer totaling 55 femurs for 37 individuals. The primary 

observer then measured all 55 femora a second, a third, and a fourth time, using the 

same method.  Specimens (N=21) measured at Texas State University were measured 

only once, but concurrently with the third trial of the sample at Baylor University.  

Each trial was performed with at least 24 hours between trials and measurements 

were recorded on separate excel documents to prevent bias.  This data served to 

determine the intra-observer error in taking the FNAL measurement.  An additional 

nine individuals were measured in another trial, using the same methods, by the 

secondary observer (Dr. Lori Baker).  This data served to determine inter-observer 

error in taking the FNAL measurement.   

 The femoral lengths (FL) of the comparison samples were previously 

examined to assess the correlation between FNAL and FL and the ability of the ratio 

of FNAL to FL in differentiating between ancestral groups and sexes.  Meeusen 

(2013) found that this ratio provided classification rates greater than chance but not 

high enough rates for use in forensic contexts (Meeusen 2013).  To continue to 

explore these findings, however, the standard FL of each UBC femur, as defined by 
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Buikstra and Ubelaker (1994), was also recorded (Appendix B).  All FL 

measurements of the UBCs were taken with the same Scherr-Tumico Osteometric 

Board (St James, MN).  FL measurements of the comparison groups were taken with 

the same Paleo-Tech Concepts Field Osteometric Board (Crystal Lake, IL) (Meeusen 

2013).  All measurements were rounded to the nearest mm.    

 In order to compare sex estimations of the UBC sample, the maximum 

femoral head diameter was measured once with the same Scherr-Tumico (St James, 

MN) sliding hand caliper used to measure the FNAL.  The standard MAX FHD 

measurement definition was utilized in the study (Buikstra and Ubelaker, 1994) 

(Appendix B).  All measurements were rounded to the nearest mm.  Additional 

measurements were also recorded from other post-cranial skeletal elements in order 

to improve the sex estimation of the UBC sample.   

 

Sex Estimation 

 

 In the comparison samples, Meeusen developed sex estimations of the Native 

American sample group from the Averbuch collection using the MAX FHD.  The 

classification accuracy of her defined method for American Black and American 

White populations is 86% and 88% respectively (Spradley and Jantz, 2011).  For this 

American Indian sample though, the classification accuracy based on these sectioning 

points is unknown.  However, because the sectioning point provided high 

classification rates for American Blacks and American Whites, Meeusen assumed the 

classification rates would remain acceptable in the Native American sample.  

Meeusen took additional steps to ensure that the sectioning points calculated and used 

were specific to the subsistence strategies and geographic location of this Native 
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American population (Meeusen 2013).  However, this clearly presents a potential 

source of error in this study.  The sexes of the American Black and American White 

samples were known from mortuary records.    

 The University of Indianapolis, Texas State University, the Joint POW/MIA 

Accounting Command, and Baylor University conducted forensic sex estimations of 

the UBC sample.  Professional forensic anthropologists who used standardized 

methodologies conducted all estimations except for those analyzed at Baylor 

University.  The primary observer, an undergraduate student under the direction of 

Dr. Lori Baker, conducted the analyses at Baylor University (N=15).  In order to 

standardize all sex estimations across the analysis groups, however, the MAX FHD 

was collected from all specimens for analysis and comparison.  

 Spradley and colleagues (2008) found that commonly used American White 

criteria provide poor estimations of sex when applied to those of Hispanic ancestry 

(Spradley et al., 2008).  In order to improve the accuracy of the UBC estimations, 

then, the analyses conducted at Baylor University utilized sectioning points recently 

published for Hispanic populations.  These post-cranial estimations provide 

classification accuracies ranging from 80.36% to as high as 95.55%, according to the 

literature.   (Tise et al., 2013).  Measurements taken by the primary observer were 

compared to these sectioning points and each individual was then categorized as male 

or female.   

DNA samples from the UBC population were taken and sent to the University 

of North Texas for analysis.  However, the results of these tests are currently 

unavailable, limiting sex classifications of the UBC sample to metric estimations.  
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Inter-observer and Intra-observer Error 

 

 Inter-observer error is the variation inherent in the measurement process when 

more than one observer takes the same measurement on an object.  It can be 

calculated using the Technical Error of Measurement (TEM) and the Coefficient of 

Reliability (R) (Meeusen, 2013).  

 TEM is calculated according to the formula: TEM= √(ΣD2)/2N.  In the 

equation, D is the difference between the measurements made on the same object for 

two observers, for inter-observer error, or by one observer on two occasions, for intra-

observer error.  N is the total number of observations made between the two 

observers (inter-observer error) or by one observer on two occasions (intra-observer 

error). Error is in terms of unit of measurement used, in this case, millimeters 

(Meeusen 2013).  

 R is calculated according to the formula: R = 1-[(TEM)2/(SD)2].  In this 

equation, SD is the standard deviation of all of the measurements made.  R quantifies 

variance as a range from 0 to 1.  R is then converted to a percentage to specify the 

amount of variance free from measurement error.  For example, if R= 0.90 then 90% 

of the variance is free from measurement error.  Or, the reverse, measurement error 

accounts for 10% of the variance (Meeusen, 2013).  Microsoft Excel 2011 was used 

to calculate TEM and R in order to determine the inter-observer and intra-observer 

error.  
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Statistical Analysis 

 

Statistical analyses were performed using IBM SPSS Statistics Version 22 

(Armonk, NY) and Microsoft Excel for Mac 2011 (Redmond, WA).  Analyses 

conducted in SPSS included one-way ANOVA, stepwise discriminant function 

analyses, and cross-validated sectioning point classification rates.  A colleague, 

Jonathan Tingle, BA, developed normal distribution plots in SAS. 

The correlation of FNAL and FL was examined using the Pearson product-

moment correlation coefficient in SPSS and further illustrated in several scatterplots 

displaying differences in ancestry and sex groups developed in SAS.   

Descriptive statistics were calculated in SPSS for FNAL, FL, and FNAL/FL 

for pooled ancestries as well as group specific American Black, American White, 

Native American, and UBC data.  Descriptive statistics were further broken down 

between pooled sex, male only, and female only groups.  These data included count, 

mean, standard deviation, and minimum and maximum value.   

One-way analysis of variances (ANOVA) was run in SPSS in order to 

evaluate the differences of FNAL, FL, and FNAL/FL between ancestral groups and 

sexes.  When examining ancestry groups, ANOVA was run for females, for males, 

and for pooled sexes.  When examining sexes, ANOVA was run for American 

Blacks, American Whites, Native Americans, UBCs, and pooled ancestries.  Effect 

size was calculated according to: eta2= (sum of squares between groups)/(total sum of 

squares) (Meeusen, 2013).  Additionally, a post-hoc Tukey HSD was also performed 

on ancestral group analysis to determine if FNAL and FNAL/FL were significantly 

different between each two ancestral groups.   
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Thereafter, SPSS was used to perform stepwise discriminant function analysis 

to determine how well FNAL, FNAL/FL, FL, and FHD predicts ancestral group 

membership and sex.  Analyses were further stratified according to their subgroups.   

Sectioning points were then developed for FNAL and FNAL/FL for sex and 

ancestry classification by taking the male and female or two ancestral group means 

and dividing by two, as according to Spradley and Jantz (2011).  The cross-validated 

classification accuracies of these sectioning points were calculated using SPSS 

Version 22.  
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Table 1: Sample Sizes for American Blacks, American Whites, Native Americans, and UBCs 

 

Group Terry Bass Averbuch UBC  Total  

American Black Female  24 8 - - 32 87 344 

American Black Male 26 29 - - 55 

American White Female 22 32 - - 54 108 

American White Male 24 30 - - 54 

Native American Female - - 44 - 44 91 

Native American Male - - 47 - 47 

UBC Female - - - 21 21 58 

UBC Male - - - 37 37 

 

 

 

Table 2: UBC Sample Analysis Groups 

 

 

 

 

 

 

 

 

 

 

 

 

  

Group Female Male Total  

TSU 10 11 21 58 

JPAC 4 14 18 

UINDY 2 2 4 

BU 5 10 15 
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Figures 3-4: FNAL Measurement 

 

 

  

 

 

 

 

Images by Audrey R. Murchland   
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CHAPTER FOUR 

 

Results 

Hypothesis 1 – Intra-observer and Inter-observer Error  

The first two trials were conducted for the primary observer to practice taking 

the measurement and recording the results.  Thereafter, the third trial measurements 

were taken for analyses and a subsample of 55 femurs from 37 specimens were 

measured for a fourth time to calculate intra-observer error between the third and 

fourth trials.  The specimens measured at Texas State University (N=21) were 

measured only once but concurrently with the other third trial measurements. The 

differences between the two FNAL measurements of the same femur ranged from 0-1 

mm. No differences above 1 mm occurred.  A 1 mm difference occurred on 10 

occasions and no difference occurred on 45 occasions.   

The TEM, the measurement error, was 0.32 mm. The R, the coefficient of 

reliability, which is the amount of variance that is free from measurement error, was 

0.99.  So, for example, 99% of the variance seen in the FNAL measurements is free 

from measurement error according to the differences between trials three and four.   

The secondary observer (a Ph.D. in Biological Anthropology) also measured a 

subset of nine specimens in order to evaluate inter-observer error in taking the FNAL 

measurement.  These measurements were compared to the third trial of the primary 

observer.  The differences between the two FNAL measurements of the same femur 
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ranged from 0-2 mm.  A difference of 2 mm occurred on one occasion, a difference of 

1 mm also occurred on one occasion, and no difference occurred on seven occasions.   

The TEM, the measurement error, was 0.53 mm and the R was 0.995.  So, 

99.5% of the variance seen in the FNAL measurement is free from measurement error 

according to the differences between two observers.  These findings confirm that 

FNAL is a reliable measurement that is highly reproducible due to its low inter- and 

intra- observer error rates.   

As a result, we reject null hypothesis 1 and accept that FNAL, because it is 

well defined and has both low inter- and intra- observer error, is a reliable and 

reproducible measurement in forensic analyses. 

 

Statistical Analysis 

 

A Pearson-product correlation coefficient was calculated to examine the 

relationship between FNAL and FL. Consistent with Meeusen’s (2013) previous 

findings, there was no violation of the assumptions of normality, linearity, and 

homoscedasticity, and there was a strong positive correlation between the two 

variables (r = 0.81, n = 334, p < 0.0001) (Figures 5-9). This positive correlation is not 

surprising.  Individuals who are larger and more robust tend to likewise have larger 

skeletal measurements.  The correlations while displaying ancestry groups (Figure 6-

7) and sexes (Figures 8-9) further display the relationship between FNAL and FL.   

For all figures and graphs, ancestry code 1 represents American Blacks, 

ancestry code 2 represents American Whites, ancestry code 3 represents Native 

Americans, and ancestry code 4 represents UBCs.  Additionally, sex code 1 always 

represents females and sex code 2 always represents males.  
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Figure 5: Correlation between FNAL and FL 
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The relationship between FNAL and FL when looking at ancestral groups 

shows a large amount of overlap between groups (Figures 6-7).  American Blacks and 

American Whites more often have larger FNAL measurements and longer FL 

measurements.  Native American groups are centered in the middle of the other 

ancestral groups and have the largest overlap with the UBC sample.  The UBC 

sample clearly has a significant amount of outliers with considerably smaller FNAL 

and FL measurements.   

 

Figures 6-7: Correlation between FNAL and FL showing Ancestry 
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The relationship between FNAL and FL when looking at sex shows a 

separation between males and females with males tending to have larger FNAL 

measurements and longer FL measurements (Figures 8-9).  Females, on the other 

hand, tend to have smaller FNAL measurements and shorter FL measurements.  The 

outliers on the upper ends were males and those at the lower ends were female.   

 

Figures 8-9: Correlation between FNAL and FL showing Sex 
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Hypothesis 2 – Ancestry Estimation 

 

 Descriptive Statistics: Ancestry Groups 

 

Descriptive statistics for FNAL, FL, and FNAL/FL are represented in Tables 

8, 9, and 10 respectively, and FNAL, FL, and FNAL/FL distributions are presented in 

Figures 11, 12, and 18 respectively (Appendix A).  

The mean FNALs display the following relationship from largest to smallest. 

     Females 

  

       Males 

 

    Pooled Sexes 

The mean FLs display the following relationship from largest to smallest 

     Females 

  

      Males 

 

            Pooled Sexes 

 

The mean FNAL/FLs display the following relationship from largest to smallest. 
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Ancestry Classification: ANOVA and DFA 

One-way ANOVAs were conducted to evaluate the differences of FNAL 

between ancestral groups for females, for males, and for pooled sexes (Table A.11).  

Results show that there is no violation of the assumption of normal distribution or 

homogeneity of variance.  Post-hoc comparisons using Tukey HSD were also 

conducted for each of these groups in order to evaluate whether the FNAL measures 

of each ancestral group were significantly different from each other.   

The results show that there is a statistically significant difference in FNAL for 

the four ancestral groups for females, for males, and for pooled sexes. The effect size 

for females is 0.228, for males is 0.222, and for pooled sexes is 0.105.  Effect size is 

the percentage of variance accounted for that is from FNAL.  So, for example, 22.8% 

of the variance accounted for between female ancestral groups is from FNAL.  

However, post-hoc comparisons using Tukey HSD reveal that despite the overall 

significance, the mean values of each ancestral group are not all statistically different 

from each other.  The American Black sample mean is not statistically different from 

the American White sample mean and the Native American sample mean is not 

statistically different from the UBC sample mean.  However, all other ancestral group 

mean comparisons are statically different from each other.  This relationship was 

found for females, males, and for pooled sexes.   

One-way ANOVAs were also conducted for FNAL/FL to evaluate the 

differences between ancestral groups for males, for females, and for pooled-sexes 

(Table A.12).  Results show that there is no violation of the assumption of normal 

distribution or homogeneity of variance.  Post-hoc comparisons using Tukey HSD 
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were also conducted for each of these groups in order to evaluate whether the 

FNAL/FL measures of ancestral group were significantly different from each other.   

The results show that there is a statistically significant difference in FNAL for 

the four ancestral groups for females, for males, and for pooled sexes. The effect size 

for females is 0.137, for males is 0.160, and for pooled sexes is 0.110.  Post-hoc 

comparisons using Tukey HSD reveal, again, that despite the statistical significances, 

the mean values of each ancestral group are not all statistically different from each 

other.  For females, the American Black sample is not statistically different from the 

American White sample and the Native American sample is not statistically different 

from the UBC sample.  For males and pooled sexes, however, the American Black 

sample is not statistically different from the Native American sample and the 

American White sample is not statistically different from the UBC sample.  However, 

all other ancestral group mean comparisons are statically different from each other.   

In order to determine the potential of FNAL for use in forensic ancestry 

classifications, stepwise discriminant function analysis was used to evaluate how 

accurately FNAL classifies individuals into their original assigned group.  Several 

DFA function analyses compared all four ancestral groups at once and evaluated the 

ability of FNAL to predict ancestral group memberships: for females, for males, and 

for pooled sexes (Table A.13).  For females, the overall Chi square was significant 

(Wilks λ = 0.772, Chi-Square = 38.215, df = 3, p < 0.001).  Results showed that 

40.4% of the cases were classified correctly.  For males, the overall Chi square was 

significant (Wilks λ = 0.778, Chi-Square = 47.549, df = 3, p < 0.001).  Results 

showed that 34.7% of the cases were classified correctly. For pooled sexes, the 



 

 43 

overall Chi square was significant (Wilks λ = 0.895, Chi-Square = 37.605, df = 3, p < 

0.001).  Results showed that 35.2% of the cases were classified correctly.  In four-

way comparisons, any ancestry is likely to be correctly classified 25.0% of the time 

by chance alone.  This analysis showed that females were classified 15.4% better than 

chance, males 9.7%, and pooled sexes 10.2%.    

An additional stepwise discriminant function analysis was also conducted to 

evaluate the ability of both FNAL and FL together to predict ancestral group 

memberships for pooled sexes (Table A.14).  Discriminant function analysis 

compared all four ancestral groups at once.  For pooled sexes, the overall Chi square 

was significant (Wilks λ = 0.728, Chi-Square = 104.765, df = 6, p < 0.001).  Results 

showed that 44.6% of the cases were classified correctly.  In four-way comparisons, 

any ancestry is likely to be correctly classified 25.0% of the time by chance alone.  

This analysis showed that FNAL and FL together classify ancestry for pooled sexes 

19.6% better than chance. Due to the high correlation between FNAL and FL, 

however, these classifications may be influenced by multicollinearity.  

Several stepwise discriminant function analyses were also then conducted to 

evaluate the ability of FNAL/FL to predict ancestral group memberships: for females, 

for males, and for pooled sexes (Table A.15).  Discriminant function analysis 

compared all four ancestral groups at once.  For females, the overall Chi square was 

significant (Wilks λ = 0.863, Chi-Square = 21.430, df = 3, p < 0.001).  Results 

showed that 38.9% of the cases were classified correctly.  For males, the overall Chi 

square was significant (Wilks λ = 0.840, Chi-Square = 31.560, df = 3, p < 0.001).  

Results showed that 34.6% of the cases were classified correctly. For pooled sexes, 
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the overall Chi square was significant (Wilks λ = 0.890, Chi-Square = 38.549, df = 3, 

p < 0.001).  Results showed that 29.3% of the cases were classified correctly.  In four-

way comparisons, any ancestry is likely to be correctly classified 25.0% of the time 

by chance alone.  This analysis showed that females were classified 13.9% better than 

chance, males 9.6%, and pooled sexes 4.3%.    

 Due to the statistically insignificant mean differences between American 

Whites and American Blacks as well as Native Americans and UBCs, sectioning 

points were calculated in order to examine the ability of FNAL to differentiate 

between each two pairs of ancestral groups for males, for females, and for pooled 

sexes (Table 3).  The combined classification rates were calculated by averaging the 

group specific classification rates.  Results show that between any two ancestral 

groups, the combined classification rates range from 47.5% (Males, Native American 

v. UBC) to 78.0% (Females, American Black v. UBC).  The highest classification 

rate for pooled-sexes ancestries was 62.43% (American White v. Native American).    

While the differences between ancestries are greater than chance (50%) for 

many of the groups, these classification rates are too low to serve as a useful tool for 

use in forensic analyses.  As a result, we reject the null hypothesis.  The FNAL 

measurement does significantly differentiate between ancestral groups.  However, we 

do not accept that FNAL could serve as a useful tool in ancestry classifications of 

forensic analyses.   
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Table 3: Cross-Validated Classification Rates for Ancestry using FNAL 

 

Ancestry Sex FNAL Sectioning 

Point (mm) 

Classification Rate (%) 

Group 1 Group2 Group 

1 

Group 

2 

Averaged 

American 

Black 

American 

White 

Female 87.73 AB<AW 50.00 57.41 53.71 

Male  99.30 AB<AW 50.91 55.56 53.24 

Pooled 93.51 AB>AW 55.17 50.00 52.59 

American 

Black 

Native 

American 

Female 85.62  

NA<AB 

63.64 62.50 63.07 

Male 96.37 72.34 65.45 68.90 

Pooled 91.00  63.74 66.67 65.21 

American 

Black 

UBC Female 84.28 AB>UBC 75.0 81.0 78.00 

Male 96.37 65.9 73.0 69.45 

Pooled 91.97  64.6 55.2 59.90 

American 

White 

Native 

American 

Female 85.91  

AW>NA 

64.81 63.64 64.23 

Male 96.80 72.22 72.34 72.28 

Pooled 91.35  61.11 63.74 62.43 

American 

White 

UBC Female 84.57  

AW>UBC 

64.8 81.0 72.90 

Male 96.81 68.5 73.0 70.75 

Pooled 91.57  57.4 58.6 58.00 

Native 

American 

UBC Female 82.52 NA>UBC 54.5 71.4 62.95 

Male 93.88 NA<UBC 51.1 40.4 45.75 

Pooled 89.17 NA<UBC 57.1 56.9 57.00 

 

 

Additionally, sectioning points were also calculated to examine the ability of 

FNAL/FL to differentiate between each two pairs of ancestral groups for males, for 

females, and for pooled sexes (Table 4).  Results show that standardizing the FNAL 

measurement by the FL does not significantly increase the classification rates of the 

measurement.  Between any two ancestral groups, the combined classification rates 

range from 48.50% (Male, American White v. UBC) to 69.49% (Female, American 

White v. Native American).  The highest classification rate for pooled-sex ancestries 

was 65.84% (American White v. Native American).  These results support that 

ancestry FNAL does differentiate between ancestral groups greater than chance alone 

(50%) but not enough to serve as a useful tool in forensic analyses.     
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Table 4: Cross-Validated Classification Rates for Ancestry using FNAL/FL 

 

Ancestry Sex FNAL Sectioning 

Point (mm) 

Classification Rate (%) 

Group 1 Group2 Group 

1 

Group 

2 

Averaged 

American 

Black 

American 

White 

Female 20.35  

AB<AW 

59.38 55.56 57.47 

Male  20.94 65.45 66.67 66.06 

Pooled 20.64  60.92 62.04 61.48 

American 

Black 

Native 

American 

Female 19.95 NA<AB 63.64 53.13 58.39 

Male 20.59 NA>AB 46.81 50.91 48.86 

Pooled 20.27 NA<AB 50.55 49.43 49.99 

American 

Black 

UBC Female 20.34  

AB<UBC 

59.4 68.4 63.90 

Male 20.93 63.6 62.1 62.85 

Pooled 20.69  62.10 56.2 59.15 

American 

White 

Native 

American 

Female 20.11  

AW>NA 

68.85 70.45 69.49 

Male 21.03 61.11 68.09 64.60 

Pooled 20.57  65.74 65.93 65.84 

American 

White 

UBC Female 20.50 AW>UBC 51.9 47.4 49.65 

Male 21.37 55.6 41.4 48.50 

Pooled 20.98 AW<UBC 55.6 50.0 52.80 

Native 

American 

UBC Female 20.10  

NA<UBC 

72.7 52.6 62.65 

Male 21.01 70.2 55.2 62.70 

Pooled 20.61  65.9 62.5 64.20 

  



 

 47 

Hypothesis 3 – Sex Estimation 

 

Descriptive Statistics: Ancestral Groups 

 

 While FNAL does not show use in ancestry estimations, it does show 

potential for use in sex estimations.  While this sexual dimorphism is surprising, the 

quantification of this relationship is important to serve as a valuable tool for forensic 

analysis of Hispanic populations.   

 Descriptive statistics for FNAL, FL, and FNAL/FL are found in Tables 8, 9, 

and 10.  FNAL, FL, and FNAL/FL normal distributions according to sex are also 

presented in Figures 14, 15, and 16 (Appendix A).   

The mean FNALs display the following relationship from largest to smallest. 
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The mean FLs display the following relationship from largest to smallest. 
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The mean FNAL/FLs display the following relationship from largest to smallest. 
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Sex Classifications: ANOVA and DFA  

One-way ANOVAs were conducted to evaluate the differences of FNAL, 

FL, and FNAL/FL between males and females for American Blacks, for American 

Whites, for Native Americans, for UBCs, and for pooled ancestries (Tables A.16, 

A.17, A.18 ).  Results show that there is no violation of the assumption of normal 

distribution or homogeneity of variance. Post-hoc comparisons using Tukey HSD 

could not be conducted because only two variables were being examined. 

The results show that there is a statistically significant difference in FNAL 

between males and females for each ancestral group and pooled ancestral groups. The 

effect size for American Blacks is 0.560, for American Whites is 0.527, for Native 

Americans is 0.581, for UBCs is 0.647, and for pooled ancestries is 0.501. Effect size 

is the percentage of variance accounted for that is from FNAL.  So, for example, 

56.0% of the variance accounted for between males and females in American Blacks 

is from FNAL.  

For each ancestry, as well as pooled ancestries, there is a statistically 

significant difference in FL between males and females.  The effect size for American 

Blacks is 0.507, for American Whites is 0.363, for Native Americans is 0.449, for 

UBCs is 0.408, and for pooled ancestries is 0.350.   

For pooled ancestries and almost all ancestral groups, there is a statistically 

significant difference in FNAL/FL between males and females. For American Blacks, 

however, there is not a statistically significant difference between males and females 

[F=2.137, p=0.147]. The effect size is 0.025; meaning, 2.5% of the variance 
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accounted for is from FNAL/FL.  For all other ancestries FNAL/FL is significantly 

different between males and females.  For American Whites, though, [F=20.080, 

p<0.0001], the effect size is 0.215, for Native Americans is 0.246, for UBCs is 0.160, 

and for pooled ancestries, the effect size is 0.350; meaning, 35.0% of the variance 

accounted for between males and females is from FNAL/FL. 

In order to determine the potential of FNAL for use in forensic sex 

classifications, stepwise discriminant function analysis was used to evaluate how 

accurately FNAL classifies individuals into males and female as compared to their 

originally assigned sexes. Several discriminant function analyses compared males and 

females together at once and evaluated the ability of FNAL to predict sex group 

memberships: for American Blacks, American Whites, for Native Americans, for 

UBCs, and for pooled ancestries (Table A.19).  

For American Blacks, the overall Chi square was significant (Wilks λ = 0.440, 

Chi-Square = 69.384, df = 3, p < 0.001).  Results showed that 85.1% of the cases 

were classified correctly.  For American Whites, the overall Chi square was 

significant (Wilks λ = 0.473, Chi-Square = 78.977, df = 3, p < 0.001).  Results 

showed that 87.0% of the cases were classified correctly.  For Native Americans, the 

overall Chi square was significant (Wilks λ = 0.419, Chi-Square = 76.984, df = 3, p < 

0.001).  Results showed that 84.6% of the cases were classified correctly.  For UBCs, 

the overall Chi square was significant (Wilks λ = 0.353, Chi-Square = 57.801, df = 3, 

p < 0.001).  Results showed that 91.4% of the cases were classified correctly.  For 

pooled ancestries, the overall Chi square was significant (Wilks λ = 0.499, Chi-

Square = 237.211, df = 3, p < 0.001).  Results showed that 83.4% of the cases were 
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classified correctly.  In two-way comparisons, sex is likely to be correctly classified 

50.0% of the time by chance alone.  This analysis showed that American Blacks were 

classified 35.1% better than chance alone, American Whites were classified 37% 

better than chance alone, Native Americans were classified 34.6% better than chance 

alone, UBCs were classified 41.4% better than chance alone, and pooled ancestries 

were classified 33.4% better than chance alone.    

In this method, males and females were correctly classified almost 

equivalently.  For pooled ancestries, for example, females were correctly classified as 

females in 84.8% of cases and incorrectly classified as male in 15.2% of cases.  

Males, likewise, were classified correctly as male in 82.4% of cases and incorrectly 

classified as female in 17.6% of cases. In all ancestry specific comparisons, correct 

classification of males and females never fell below 81%.   

Additional stepwise discriminant function analyses were also conducted to 

evaluate the ability of both FNAL and FL together to classify specimens into males 

and females as compared to their originally assigned sexes (Table A.20). American 

Blacks, American Whites, Native Americans, UBCs, and pooled ancestries were all 

examined.  Discriminant function analysis compared males and females together at 

once.  

For American Blacks, the overall Chi square was significant (Wilks λ = 0.404, 

Chi-Square = 76.035, df = 3, p < 0.001).  Results showed that 89.7% of the cases 

were classified correctly.  For American Whites, the overall Chi square was 

significant (Wilks λ = 0.473, Chi-Square = 78.977, df = 3, p < 0.001).  Results 
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showed that 87.0% of the cases were classified correctly.  For Native Americans, the 

overall Chi square was significant (Wilks λ = 0.401, Chi-Square = 80.465, df = 3, p < 

0.001).  Results showed that 86.8% of the cases were classified correctly.  For UBCs, 

the overall Chi square was significant (Wilks λ = 0.369, Chi-Square = 45.385, df = 3, 

p < 0.001).  Results showed that 91.4% of the cases were classified correctly.  For 

pooled ancestries, the overall Chi square was significant (Wilks λ = 0.504, Chi-

Square = 227.190, df = 3, p < 0.0001).  Results showed that 83.4% of the cases were 

classified correctly.  In two-way comparisons, sex is likely to be correctly classified 

50.0% of the time by chance alone.  This analysis showed that there is not a 

significant change in the classification of sex by adding in FL as a variable in DFA.  

Because the FHD was also recorded in the UBC sample, a stepwise 

discriminant function analysis was also conducted to evaluate the ability of FNAL, 

FL, and FHD together to accurately classify specimens into males and females (Table 

A.22).  Only the UBC sample was examined for this potential relationship.  

Discriminant function analysis compared males and females together at once.  For 

FNAL, FL, and FHD, the overall Chi square was significant (Wilks λ = 0.344, Chi-

Square = 49.355, df = 3, p < 0.001).  Results show that 89.5% of the cases were 

classified correctly. Additionally, both males and females are classified correctly 

almost equivalently.  Females are classified correctly in 90.5% of cases and 

incorrectly in 9.5% of cases.  Males, likewise, are classified correctly in 88.9% of 

cases and incorrectly in 11.1% of cases.  Including FNAL, FL, and FHD slightly 

decreases the classification accuracy as compared to FNAL alone.  Additionally, due 

to the correlation between these measurements, multicollinearity could be affecting 
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these results.   

Additional stepwise discriminant function analyses were also conducted to 

evaluate the ability of both FNAL/FL to predict sex group membership for pooled 

sexes (Table A.21). American Blacks, American Whites, Native Americans, UBCs, 

for pooled were all examined.  Discriminant function analysis compared males and 

females together at once.  

For American Blacks, the overall Chi-square was not statistically significant 

(Wilks λ = 0.975, Chi-Square = 2.098, df = 3, p = 0.147).  Results showed that 55.2% 

of the cases were classified correctly.  For American Whites, the overall Chi square 

was significant (Wilks λ = 0.785, Chi-Square = 25.576, df = 3, p < 0.001).  Results 

showed that 71.3% of the cases were classified correctly.  For Native Americans, the 

overall Chi square was significant (Wilks λ = 0.754, Chi-Square = 24.954, df = 3, p < 

0.001).  Results showed that 71.4% of the cases were classified correctly.  For UBCs, 

the overall Chi-square was significant (Wilks λ = 0.840, Chi-Square = 7.933, df = 3, p 

< 0.001).  Results showed that 62.5% of the cases were classified correctly.  For 

pooled ancestries, the overall Chi square was significant (Wilks λ = 0.875, Chi-

Square = 44.201, df = 3, p < 0.0001).  Results showed that 66.5% of the cases were 

classified correctly.  In two-way comparisons, sex is likely to be correctly classified 

50.0% of the time by chance alone.  This analysis showed that for American Blacks 

FNAL/FL classifies sex only 5.2% better than chance alone, for American Whites 

21.3% better than chance alone, for Native Americans 21.4% better than chance 

alone, and for UBCs 16.5% better than chance alone.   
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Because the FHD was also recorded in the UBC sample, a stepwise 

discriminant function analysis was also conducted to evaluate how FNAL/FL and 

FHD together accurately classify specimens into males and females.  Only the UBC 

sample was examined for this potential relationship.  Discriminant function analysis 

compared males and females together at once.  For FNAL/FL and FHD, the overall 

Chi square was significant (Wilks λ = 0.388, Chi-Square = 43.037, df = 3, p < 0.001).  

Results show that 91.2% of the cases were classified correctly. Additionally, both 

males and females are classified correctly almost equivalently.  Females are classified 

correctly in 95.2% of cases and incorrectly in 4.8% of cases.  Males, likewise, are 

classified correctly in 88.9% of cases and incorrectly in 11.1% of cases.  Including 

FNAL/ FL and FHD significantly increases the classification accuracy as compared 

to FNAL/FL alone.  However, due to the correlation between these measurements, 

multicollinearity could be affecting these results.  

The results show that FNAL and FNAL/FL can significantly difference 

between males and females, greater than chance alone (50%), for each ancestral 

group and combined ancestral groups.  As a result, we reject the null hypothesis.  

FNAL does significantly differentiate males and females.  Additionally, this 

difference was significantly greater than chance alone for overall groups as well as 

for the UBC population.   As a result, sectioning points were calculated to serve as a 

potentially a useful tool in forensic analyses when examining these ancestral 

populations (Table 5).  The combined classification rates were calculated by 

averaging the sex specific classification rates. For ancestry specific sectioning points, 

classification rates ranged from 84.60% (Native American) to 89.85% (UBC).  The 
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combined ancestry sectioning point is 91.34 mm with an averaged classification rate 

of 83.80%.   

 

Table 5: Cross-Validated Classification Rates for Sex using FNAL 

Ancestry FNAL Sectioning 

Point (mm) 

Classification Rate (%) 

Male  Female  Combined 

American Black 93.16  

F < M 

81.82 90.63 86.23 

American White 93.87 87.04 87.04 87.04 

Native American  88.84 84.09 85.11 84.60 

UBC 87.50 89.20 90.50 89.85 

All Ancestries 91.34  84.77 82.38 83.80 

 

Additionally, sectioning points were also calculated to examine if FNAL/FL 

can differentiate between males and females of each ancestral group and then pooled 

ancestry groups (Table 6).  Results show that standardizing the FNAL measurement 

by the FL actually slightly decreases the classification accuracy of the measurement.  

The ancestry specific classification rates for their respective sectioning points range 

from 56.06% (American Black) to 71.47% (Native American).  The overall 

sectioning point between males and females was 20.56% with a combined 

classification rate of 66.50%. 

 

Table 6: Cross-Validated Classification Rates for Sex using FNAL/FL 

Ancestry FNAL Sectioning 

Point (%) 

Classification Rate (%) 

Male  Female  Combined 

American Black 20.34 F < M 52.73 59.38 56.06 

American White 20.95 66.67 75.93 71.30 

Native American  20.19 70.21 72.73 71.47 

UBC 20.92 58.60 63.20 60.90 

All Ancestries 20.56  65.90 67.10 66.50 
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Analysis of Limitations  

 

 Because the assigned sexes of the UBC and Native American samples are 

derived from estimations rather than a gold standard, error may be inherent in the 

previously conducted analyses.   In order to determine FNAL’s discriminatory ability 

if errors in sex estimations were made, the FHD was taken from 57 of the original 

UBC femurs to standardize and vary sex in further analyses.  The previous statistical 

analyses of FNAL used the originally assigned sex, though, because many skeletal 

elements are evaluated in forensic analyses instead of just this single measurement.  

However, in order to examine how well the FNAL measurement continued to classify 

individuals when the assigned sexes are varied (to account for individuals potentially 

misclassified), the 43 mm sectioning point of the FHD, provided by Tise (2013), was 

used the baseline sex estimation.  Its published average classification rate is 83.83%.  

This sectioning point was then adjusted one millimeter at a time until all samples 

were reclassified as female and again adjusted one millimeter at a time until all 

samples were reclassified as male (Table 7).  When all samples were completely 

reversed (all males to females and all females to males) the DFA classification rate 

remained 91.4%, the same as the original.  The results show FNAL provides a high 

classification rate even when 12% of females are reassigned as males or up to 61.1% 

of males are reclassified as female. 
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Table 7: DFA Results when Varying Sex 

 

FHD 

Sectioning 

Point 

Cross-

Validated 

DFA 

# Total 

Males 

# Males 

Reclassified 

% Males 

Reclassified 

# Total 

Females 

# Females 

Reclassified 

% Females 

Reclassified 

36 N/A 57 0 0 0 21 100.0 

37 N/A 56 0 0 1 20 95.2 

38 80.7% 53 0 0 5 16 76.2 

39 84.2% 48 0 0 9 12 57.1 

40 84.2% 45 0 0 12 9 42.9 

41 91.2% 39 1 2.8 18 4 19.0 

42 93.0% 35 2 5.6 22 1 4.8 

43 94.7% 32 4 11.1 25 0 0 

44 94.7% 32 4 11.1 25 0 0 

45 89.5% 26 10 27.8 31 0 0 

46 77.2% 18 18 50.0 39 0 0 

47 82.5% 14 22 61.1 43 0 0 

48 77.2% 9 27 75.0 48 0 0 

49 71.9% 6 30 83.3 51 0 0 

50 68.4% 4 32 88.9 53 0 0 

51 N/A 0 36 100.0 57 0 0 
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CHAPTER FOUR 

 

Discussion and Conclusions  

 

Discussion 

 

 The primary goal of this study is to evaluate if the FNAL can serve as a 

method of analysis in forensic sex and ancestry estimations of Hispanics and to 

develop sectioning points that provide high classification accuracy for this specific 

population, if possible.  

 The results first showed that FNAL is an easily reproducible measurement for 

use in forensic analyses, even for those with limited experience.  The intra-observer 

error was particularly low with differences between FNAL measurements accounting 

for only 1.0% of the variance.  The inter-observer TEM was slightly higher than that 

of the intra-observer TEM.  However, the comparison sample sizes were considerably 

smaller, which may have increased the error measurement.  In fact, the coefficient of 

reliability (R), for the inter-observer, was even larger than that for intra-observer 

calculations, suggesting that if the sample sizes were increased, the measurement 

would still provide an extremely low TEM and high R.   

Examining the descriptive statistics of ancestral group FLs, the results show 

that ancestral groups rank, from largest to smallest: American Black, American 

White, Native American, and then UBC, for males, females, and pooled sexes.  

Stewart (1962) also compared a sample of American Indians of the Dakota area 

dating from 1725-1825 to American Whites (New York area, 1895-1905) and 
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American Blacks (Baltimore-Washington area, 1903-1910).  He found that the 

average length of femora classified the groups from longest to shortest: Blacks, 

Indians, and then Whites.  Additionally, his study found that femoral curvature could 

separate Indians from Blacks and Whites but not separate Blacks and Whites from 

each other.  His results support this study’s findings that it is difficult to separate 

Black and White populations from each other using measurements of the femur.  

Differences between the two studies’ FL rankings, though, suggest that there either 

may be secular differences or geographical differences between his Native American 

sample and the Native American sample used in this study.  Because Native 

Americans display a significant amount of genetic diversity and differing amounts of 

platymeria (Wescott, 2005; Okrutny, 2012), it is not surprising that these two Native 

American samples differ.  However, both Native American groups were significantly 

different from their Black and White comparison samples.    

The FNAL/FL measurement evaluates the length of FNAL in comparison to 

the entire femoral length.  The results show that the classification rate between males 

and females for this relationship was significantly less than that of FNAL alone. 

However, males were, on average, still larger than females even when standardizing 

FNAL against the FL.  These results support prior research in biomechanics that show 

femoral length differences between males and females, with males on average having 

longer femoral necks (Warrener et al., 2015).  Additionally, the descriptive statistics 

show that when looking at ancestry, for pooled sexes, the FNAL/FL rank from largest 

to smallest: UBC, American White, American Black, and then Native American.   
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Wescott’s (2006) study of subtrochanteric shape, originally found that Native 

Americans have shorter femora in relation to their hip breadth in comparison to 

American Blacks and American Whites.  Wescott’s Native American sample was 

from protohistoric and historic Arikara, a northern Plains horticulture tribe (Wescott, 

2006).  The results of this study, however, show that Native Americans tended to 

have shorter femoral necks in relation to their femoral length than the comparison 

samples.  While the differences between these studies may be a result of differences 

between the Native American populations, further research should be conducted to 

evaluate at the potential biomechanical factors affecting these results.  

Discriminant function analysis results indicate that the FNAL measurement 

differentiated between ancestral groups at rates greater than that of chance alone.  In 

the first chapter, the extensive review of post-cranial skeletal elements shows ancestry 

estimations that were published for forensic use ranging from 60% classification 

accuracy (the first cervical vertebrae) to 88% classification accuracy (the transverse 

and biiliac breadths).  However, the majority of classification accuracies fell between 

70% and 80%.  The averaged classification rate between any two ancestral groups in 

the results of this study ranged from 52.59% (American Black v. American White) to 

65.21% (American Black v. Native American).  These classification rates, despite 

being greater than chance, do not fall within the range of classification accuracies 

found available in the literature.  As a result, FNAL does not show potential for use in 

forensic estimation of ancestry.   

Additionally, previous use of the platymeric index of the femur provided 

classification accuracies of 65% and 75% for Native Americans when compared to 
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American Blacks and Whites and then just American Whites (Gilbert and Gill, 1990).  

The results of this study also found that FNAL provided the highest classification 

rates between Native Americans and American Blacks and between Native 

Americans and American Whites.  In addition to the FL results, these results continue 

to support the finding that it is difficult to separate Black and White populations from 

each other using measurements of the femur, but differentiation of Native Americans 

from these groups is possible.    

 When the FNAL, FL, and FNAL/FL were examined for use in ancestral 

classification, the results clearly showed a significant amount of overlap between the 

sample groups.  The UBCs, in particular, were classified most often as Native 

Americans and vice versa.  These relationships correlate with the tri-hybrid ancestry 

seen as a result of the history of Central America (Spradley et al., 2008).  While a 

percentage of the individuals that are crossing the U.S.-Mexico border are from Asia, 

Africa, and the Middle East (U.S. Border Patrol), the Texas-Mexico border is largely 

used as a gateway for individuals from Mexico, Latin America, and Central America 

to enter the United States for work, health care, and education (Spradley et al., 2008).  

Individuals originating from these regions (Mexico, Latin America, and Central 

America) derive their genes primarily from Spanish and Native American sources 

with African ancestry also prevalent in costal geographic regions (Lisker et al., 1996; 

Sans, 2000; Spradley et al., 2008).  The social stratification found in Latin and 

Central America varies between different countries; however, those of strongly 

Native American or indigenous ancestry are most often at the lowest levels of 
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socioeconomic structures and with restricted vertical mobility in these structures 

(Beals, 1953).   

Figure 10: Social Stratification in Mexico from Beals (1953) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data collected by the US Border Patrol shows, from apprehension rates, that 

the Rio Grande Valley Region has the highest percentage of those classified as “other 

than Mexican”.  The majority of these individuals, when looking at unaccompanied 

minors, originate from El Salvador, Guatemala, and Honduras (U.S. Border Patrol).  

All of these countries: El Salvador, Guatemala, Honduras, and Mexico, are heavily 

Indio-mestizo populations; meaning, they have large Indian populations or mestizo 

groups with Indian way of life (Beals, 1953).   
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Reexamining the data, the Native American sample from the Averbuch 

collection dates from 1100-1300, before the Americas had received any contact with 

Europeans.  The statistical results of this study show that in the analyses of FNAL, 

the UBC sample was not statistically different from the Native American sample.  In 

particular, sectioning point analyses of FNAL show that male UBC were actually 

more likely to be classified as Native American than as UBC.  The female UBCs 

were also most similar to Native Americans, but slightly more distinguishable.   

 When the FNAL is standardized against the FL, however, both males and 

females are more likely to be classified as American White than UBC and are 

statistically equivalent with the Native American sample.  The males in the UBC 

sample are phenotypically most similar to Native American populations, suggesting 

that males of indigenous ancestry present a larger majority of those crossing the 

border in the Rio Grande Valley than males with more European or African ancestry.  

The female classification rates also suggest that females of mixed Native and 

European ancestry may represent a larger majority of those crossing in this region 

than other ancestral admixtures.  Due to the limited sample size of UBCs and the lack 

of comparative skeletal collections available from various regions and populations of 

Central and Latin America, these findings are speculative rather than conclusive.  

However, they do support that individuals at the lowest socioeconomic classes, and 

thus often times of indigenous backgrounds, are crossing the U.S.-Mexico Border in 

search of socioeconomic opportunity   

 The ability of FNAL, FL, and FNAL/FL measurements to differentiate 

between males and females is not surprising.  Sexual dimorphism is readily apparent 
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within populations.  However, the degree of sexual dimorphism varies both within 

human populations and between populations.  As a result, it is important that 

appropriate reference samples are available for forensic analyses that can provide 

high classification rates to quantify the degree of sexual dimorphism in a population. 

The sectioning points calculated for FNAL, in this study, provided classification rates 

between 83.80% and 89.85%.   These classification rates reflect the range found in 

the literature, suggesting that FNAL may serve as a useful tool in future forensic 

analyses.   

The addition of other variables into the DFA classifications of sex increased 

the classification accuracy when examining FNAL/FL with FHD, FL with FNAL 

with FHD, and FNAL with FHD.  However, due to the high correlation between the 

measures, multicorillary error may be falsely increasing the classification rates.  As 

more evidence arises in the literature concerning the potential errors created through 

skeletal measurements’ high correlation, these comparisons can better be examined in 

the future.    

 

Limitations 

 

 There are several limitations of this study that should be considered before the 

sectioning points calculated in this study are used in forensic contexts.  The first 

limitation is within the UBC sample.  Because the assigned sexes used in the 

statistical analyses were derived from estimations rather than a gold standard, error 

may be present in the results.  Population-specific classification sectioning points and 

equations were used in analyses of sex that provided minimum posterior probabilities 

of 0.8106 for females and 0.8226 for males, according to apprehension rates in the 
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Rio Grande Valley.  These posterior probabilities were calculated using Bayes’ 

theorem.  Multiple sectioning points were used in each analysis, but these skeletal 

classification rates may not present conditional independence.  As a result, the 

posterior probability of the test (sectioning point) providing the lowest classification 

rate alone was used in calculation.  Additional sectioning points, although measured, 

they were not included in the calculation to ensure that the total posterior probability 

was not overstated.  As more evidence arises in the scientific literature about the 

conditional independence of classification equations and sectioning points, however, 

this issue can be better addressed in the future.   

 In order to examine how well FNAL would continue to classify sex even if 

errors in sex estimations might be present, discriminant function analysis was used to 

calculate the classification rate of the FNAL when changing the FHD sectioning 

point.  The results show that FNAL still continues to classify at high levels, even 

when approximately 12% of females are reassigned as males or approximately 61% 

of males are reassigned as females.  These results suggest that whether or not a source 

of error is brought into the experiment through the initial sectioning point estimations, 

FNAL provides a high classification rate between males and females.  

 An additional limitation of this study is due to the lack of samples available to 

forensic scientists.  Skeletal collections are often small and comprised of individuals 

from low socioeconomic backgrounds.  As a result, the full breadth of biological 

variation cannot be fully examined in these collections.  For Hispanic populations, in 

particular, more skeletal collections are needed to fully understand the genetic and 
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phenotypic variation seen across Central and Latin America and truly representative 

population standards can be created.   

 Also, most current skeletal collections date from the 19th and early 20th 

centuries, if not earlier (such as the Averbuch Collection).  As a result, current secular 

change is not represented in these collections and thus is not adjusted for in the 

creation of forensic standards.  To account for the incongruence in time periods in 

this study, direct comparisons between each two ancestral groups were made to 

examine how the removal of the other two affected the classification rates.  When 

classifying into ancestry groups, FNAL did not significantly improve enough for 

forensic use when the Native American sample was not included in the comparisons, 

despite the sample being considerably older than the others.     

 Until more current skeletal collections that display equal representation across 

socioeconomic, regional, and ancestral groups are created, however, forensic 

scientists are limited to using potentially outdated and ill-representative samples.   

 

Conclusions 

 

 The results of this study have shown that first; FNAL is a reproducible 

measurement for use in forensic analysis, even for those with limited experience.  

Additionally, FNAL does not show potential use in ancestry estimations even though 

FNAL did statistically differentiate between ancestral groups. For the FNAL 

measurement, the American Black and White samples were not statistically different 

and the Native American and UBC samples were not statistically different.  However, 

these findings may suggest that individuals of indigenous ancestry present a larger 
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majority of those crossing in the Rio Grande Valley than individuals of African or 

European ancestry. 

 Supporting the aim of this study, though, FNAL did significantly vary 

between males and females.  The sectioning point, 91 mm, provides an average 84% 

classification rate when looking at all ancestral groups together.  But more 

importantly, when looking at UBC populations, the UBC specific sectioning point, 

87.5 mm, has an 89.2% classification rate for males and a 90.5% classification rate 

for females. These findings show that FNAL may serve as a useful measurement in 

forensic estimations of sex in the future.  

 Due to the potential error in the original estimations of sex, though, 

considerations should be made before forensic scientists utilize this particular 

sectioning point in analyses.  However, because FNAL continued to provide high 

classification accuracy even when a considerable proportion of the sexes were 

reassigned, FNAL poses to provide an extremely useful tool once the assigned sexes 

are supported by a gold standard, such as DNA.  

 Future research in forensic anthropology should continue focus on both 

discovering new measures with high classification rates as well as refining old 

methodologies for specific populations.  Additionally, skeletal collections from 

Central America are needed to account for the wide phenotypic and genetic diversity 

that may be present across this region.  Until skeletal collections are available from 

Central America, forensic anthropologists will have to continue to use UBCs as 

proxies for the already overly general Hispanic ancestry classification.   
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APPENDIX A 

 

Tables and Graphs 

Table 8: Descriptive Statistics of FNAL 

Ancestry Sex N MEAN (mm) SD (mm) MIN-MAX 

(mm) 

 

American Black  

Female 32 87.44 4.72 76.00 – 96.00 

Male 55 98.87 5.07 88.00 – 109.00 

Pooled  87 94.67 7.41 76.00 – 109.00 

 

American White 

Female 54 88.02 5.39 75.00 – 102.00 

Male 54 99.72 5.79 83.00 -111.00 

Pooled 108 93.87 8.10 75.00 – 111.00 

 

Native American 

Female 44 83.91 3.93 77.00 – 92.00 

85.00 – 103.00 Male 47 93.87 4.57 

Pooled 91 89.06 6.57 77.00 – 103.00 

 

UBC 

Female 21 81.12 4.34 72.00 – 91.00 

Male 37 93.89 4.76 84.00 – 105.00 

Pooled 58 89.27 7.70 72.00 – 105.00  

 

All Ancestries 

Female 151 85.74 5.32 72.00 – 102.00  

83.00 – 111.00 Male 193 96.94 5.75 

Pooled 344 92.02 7.87 72.00 – 111. 00  

 

Figure 11: Normal Distribution of FNAL for Ancestry 
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Table 9: Descriptive Statistics of FL 

Ancestry Sex N MEAN (mm) SD 

(mm) 

MIN-MAX (mm) 

 

American Black  

Female 32 433.63 20.24 397.00 – 463.00 

Male 55 482.93 25.47 418.00 – 528.00 

Pooled  87 464.79 33.57 397.00 – 528.00 

 

American White 

Female 54 429.48 24.16 365.00 – 490.00 

Male 54 466.61 25.45 404.00 – 531.00 

Pooled 108 448.05 30.95 365.00 – 531.00 

 

Native American 

Female 44 426.09  16.23 396.00 – 457.00 

421.00 – 484.00 Male 47 454.40 15.50 

Pooled 91 440.71 21.24 396.00 – 484.00  

 

UBC 

Female 19 397.58 27.16 336.00 – 450.00 

Male 29 436.10 20.18 398.00 – 472.00 

Pooled 48 420.85 29.79 336.00 – 472.00  

 

All Ancestries 

Female 149 410.03 26.45 336.00 – 490.00  

398.00 – 531.00 Male 185 463.58 27.46 

Pooled 334 446.50 32.22 336.00 – 531.00  

 

 

Figure 12: Normal Distribution of FL for Ancestry 
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Table 10: Descriptive Statistics of FNAL/FL 

 

Ancestry Sex N MEAN 

FNAL/FL (%) 

SD (%) MIN-MAX 

(%) 

American Black  Female 32 20.18 0.98 18.52 – 22.68 

Male 55 20.50 0.98 18.68 – 23.20 

Pooled  87 20.38 0.98 18.52 – 23.20 

American White Female 54 20.51 0.86 17.98 – 23.08 

Male 54 21.38 0.83 19.90 – 23.73 

Pooled 108 20.94 0.95 17.98 – 23.73 

Native American Female 44 19.70 0.77 18.18 – 21.70 

18.68 – 23.40 Male 47 20.67 0.93 

Pooled 91 20.20 0.98 18.18 – 23.40 

UBC Female 19 20.49 0.95 19.33 – 22.07  

Male 29 21.35 1.03 19.91 – 23.52 

Pooled 48 21.01 1.07 19.33 – 23.52  

All Ancestries Female 149 20.19 0.90 17.98 – 23.08 

18.68 – 23.73 Male 185 20.93 1.01 

Pooled 334 20.60 1.04 17.98 – 20.58 

 
 

Figure 13: Normal Distribution of FNAL/FL for Ancestry 
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Table 11: ANOVA of FNAL for Ancestry 

 
Between Female Groups 

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 14.492 3 0.228 

American Black v. American White Not Significant 0.964    

American Black v. Native American Not Significant 0.09    

American Black v. UBC Significant  <0.001    

American White v. Native American Significant <0.001    

American White v. UBC Significant <0.001    

Native American v. UBC Not Significant 0.120    

 
Between Male Groups  

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 17.968 3 0.222 

American Black v. American White Not Significant 0.822    

American Black v. Native American Significant <0.001    

American Black v. UBC Significant  <0.001    

American White v. Native American Significant <0.001    

American White v. UBC Significant <0.001    

Native American v. UBC Not Significant 1.000    

 
Between Sex-Pooled Groups  

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 13.233 3 0.105 

American Black v. American White Not Significant 0.881    

American Black v. Native American Significant <0.001    

American Black v. UBC Significant  <0.001    

American White v. Native American Significant <0.001    

American White v. UBC Significant <0.001    

Native American v. UBC Not Significant 0.998    
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Table 12: ANOVA of FNAL/FL for Ancestry 

 
Between Female Groups 

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 7.670 3 0.137 

American Black v. American White Not Significant 0.344    

American Black v. Native American Not Significant 0.089    

American Black v. UBC Not Significant  0.624    

American White v. Native American Significant <0.001    

American White v. UBC Not Significant 1.000    

Native American v. UBC Not Significant 0.007    

 
Between Male Groups 

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 11.458 3 0.160 

American Black v. American White Significant <0.001    

American Black v. Native American Not Significant 0.800    

American Black v. UBC Significant  0.001    

American White v. Native American Significant 0.001    

American White v. UBC Not Significant 0.999    

Native American v. UBC Significant 0.011    

 
Between Pooled-Sex Groups 

Ancestry Significance P F df eta2 

All Ancestries v. All Ancestries  Significant <0.001 13.608 3 0.110 

American Black v. American White Significant 0.001    

American Black v. Native American Not Significant 0.608    

American Black v. UBC Significant  <0.001    

American White v. Native American Significant <0.001    

American White v. UBC Not Significant 0.980    

Native American v. UBC Significant <0.001    

 
 
 
 
  



 

 73 

Table 13: Discriminant Function Analysis of FNAL for Ancestry 

  
Between Female Groups 

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

4 16 7 5 32 

American White  4 31 12 7 54 

Native American 7 9 11 17 44 

UBC 2 1 3 15 21 

American Black  

% 

12.5 50.0 21.9 15.6 100.0 

American White 7.4 57.4 22.2 13.0 100.0 

Native American 15.9 20.5 25.0 38.6 100.0 

UBC 9.5 4.8 14.3 71.4 100.0 

40.4% of original grouped cases correctly classified.  

 

Between Male Groups  

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

9 27 10 9 55 

American White  9 30 7 8 54 

Native American 9 4 21 13 47 

UBC 6 5 19 7 37 

American Black  

% 

16.4 49.1 18.2 16.4 100.0 

American White 16.7 55.6 13.0 14.8 100.0 

Native American 19.1 8.5 44.7 27.7 100.0 

UBC 16.2 13.5 51.4 18.9 100.0 

34.7% of original grouped cases correctly classified. 

 
Between Sex-Pooled Groups  

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

44 14 24 5 87 

American White  49 17 35 7 108 

Native American 23 10 52 6 91 

UBC 15 10 25 8 58 

American Black  

% 

50.6 16.1 27.6 5.7 100.0 

American White 45.4 15.7 32.4 6.5 100.0 

Native American 25.3 11.0 57.1 6.6 100.0 

UBC 25.9 17.2 43.1 13.8 100.0 

35.2% of original grouped cases correctly classified. 
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Table 14: Discriminant Function Analysis of FNAL and FL for Ancestry 

 
Between Sex-Pooled Groups   

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black = 1  

Count 

43 18 17 9 87 

American White =2  22 38 18 30 108 

Native American = 3 14 18 41 18 91 

UBC = 4  5 7 9 27 48 

American Black  

% 

49.4 20.7 19.5 10.3 100.0 

American White 20.4 35.2 16.7 27.8 100.0 

Native American 15.4 19.8 45.1 19.8 100.0 

UBC 10.4 14.6 18.8 56.3 100.0 

44.6% of original grouped cases correctly classified. 
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Table 15: Discriminant Function Analysis of FNAL/FL for Ancestry 

 
Between Female Groups 

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

4 9 15 4 32 

American White  12 26 11 5 54 

Native American 4 6 28 6 44 

UBC 0 10 9 0 19 

American Black  

% 

12.5 28.1 46.9 12.5 100.0 

American White 22.2 48.1 20.4 9.3 100.0 

Native American 9.1 13.6 63.6 13.6 100.0 

UBC .0 52.6 47.4 .0 100.0 

38.9% of original grouped cases correctly classified.  

 

Between Male Groups  

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

27 11 12 5 55 

American White  8 24 12 10 54 

Native American 23 10 9 5 47 

UBC 8 13 4 4 29 

American Black  

% 

49.1 20.0 21.8 9.1 100.0 

American White 14.8 44.4 22.2 18.5 100.0 

Native American 48.9 21.3 19.1 10.6 100.0 

UBC 27.6 44.8 13.8 13.8 100.0 

34.6% of original grouped cases correctly classified.  

 

Between Sex-Pooled Groups  

 

Ancestry 

 Predicted Ancestry  

Total American 

Black 

American 

White 

Native 

American 

UBC 

American Black  

Count 

8 12 45 22 87 

American White  16 18 26 48 108 

Native American 18 10 47 16 91 

UBC 4 3 16 25 48 

American Black  

% 

9.2 13.8 51.7 25.3 100.0 

American White 14.8 16.7 24.1 44.4 100.0 

Native American 19.8 11.0 51.6 17.6 100.0 

UBC 8.3 6.3 33.3 52.1 100.0 

29.3% of original grouped cases correctly classified.  
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Table 16: ANOVA of FNAL for Sex 
 

Ancestry Significance P F df eta2 

All Ancestries  Significant <0.001 343.005 1 0.501 

American Black  Significant <0.001 108.208 1 0.560 

American White Significant <0.001 118.087 1 0.527 

Native American Significant  <0.001 123.409 1 0.581 

UBC Significant <0.001 102.667 1 0.647 

 

Table 17: ANOVA of FL for Sex 

 

Ancestry Significance P F df eta2 

All Ancestries  Significant <0.001 178.598 1 0.350 

American Black  Significant <0.001 87.582 1 0.507 

American White Significant <0.001 60.461 1 0.363 

Native American Significant  <0.001 72.444 1 0.449 

UBC Significant <0.001 31.752 1 0.408 

 

Table 18: ANOVA of FNAL/FL for Sex 
 

Ancestry Significance P F df eta2 

All Ancestries  Significant <0.001 44.930 1 0.125 

American Black  Not Significant 0.147 2.137 1 0.025 

American White Significant <0.001 20.080 1 0.215 

Native American Significant  <0.001 28.991 1 0.246 

UBC Significant 0.005 8.762 1 0.160 
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Figure 14: Normal Distribution of FNAL for Sex 

 
 
 

Figure 15: Normal Distribution of FL for Sex 
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Figure 16: Normal Distribution of FNAL/FL for Sex 

 
 

Figure 17: Normal Distribution of FHD for Sex for UBCs 
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Table 19: Discriminant Function Analysis of FNAL for Sex 

 
Between Ancestry-Pooled Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 128 23 151 

Male 34 159 193 

Female % 84.8 15.2 100.0 

Male  17.6 82.4 100.0 

83.4% of original grouped cases correctly classified. 

 

Between American Black Groups 

Sex  Predicted Sex  Total  

Female Male 

Female  Count 29 3 32 

Male 10 45 55 

Female % 90.6 9.4 100.0 

Male  18.2 81.8 100.0 

85.1% of original grouped cases correctly classified. 

 

Between American White Groups 

Sex  Predicted Sex  Total  

Female Male 

Female  Count 47 7 54 

Male 7 47 54 

Female % 87.0 13.0 100.0 

Male  13.0 87.0 100.0 

 87.0% of original grouped cases correctly classified.  

 

Between Native American Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 37 7 44 

Male 7 40 47 

Female % 84.1 15.9 100.0 

Male  14.9 85.1 100.0 

84.6% of original grouped cases correctly classified.  

 

Between UBC Males and Females  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 20 1 21 

Male 4 33 37 

Female % 95.2 4.8 100.0 

Male  10.8 89.2 100.0 

91.4% of original grouped cases correctly classified.   
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Table 20: Discriminant Function Analysis of FNAL and FL for Sex 

 
Between Ancestry-Pooled Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 128 23 151 

Male 34 159 193 

Female % 84.8 15.2 100.0 

Male  17.6 82.4 100.0 

83.4% of original grouped cases correctly classified.   

 

Between American Black Groups 

Sex  Predicted Sex  Total  

Female Male 

Female  Count 30 2 32 

Male 7 48 55 

Female % 93.8 6.3 100.0 

Male  12.7 87.3 100.0 

89.7% of original grouped cases correctly classified.  

 

Between American White Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 47 7 54 

Male 7 47 54 

Female % 87.0 13.0 100.0 

Male  13.0 87.0 100.0 

87.0% of original grouped cases correctly classified.  

 

Between Native American Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 39 5 44 

Male 7 40 47 

Female % 88.6 11.4 100.0 

Male  14.9 85.1 100.0 

86.8% of original grouped cases correctly classified.  

 

Between UBC Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 20 1 21 

Male 4 33 37 

Female % 95.2 4.8 100.0 

Male  10.8 89.2 100.0 

91.4% of original grouped cases correctly classified.   
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Table 21: Discriminant Function Analysis of FNAL/FL for Sex 

 
Between Ancestry-Pooled Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 101 48 149 

Male 64 121 185 

Female % 67.8 32.2 100.0 

Male  34.6 65.4 100.0 

66.5% of original grouped cases correctly classified.  

 

Between American Black Groups 

Sex  Predicted Sex  Total  

Female Male 

Female  Count 19 13 32 

Male 26 29 55 

Female % 59.4 40.6 100 

Male  47.3 52.7 100 

55.2% of original groups correctly classified.  

 

Between American White Groups  

Sex  Predicted Sex  Total  

Female Male 

Female Count 41 13 54 

Male 18 36 54 

Female % 75.9 24.1 100.0 

Male 33.3 66.7 100.0 

71.3% of original grouped cases correctly classified.   

 

Between Native American Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 32 12 44 

Male 14 33 47 

Female % 72.7 27.3 100.0 

Male  29.8 70.2 100.0 

71.4% of original grouped cases correctly classified.  

 

Between UBC Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 11 8 19 

Male 10 19 29 

Female % 57.9 42.1 100.0 

Male  34.5 65.5 100.0 

62.5% of original grouped cases classified correctly.   
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Table 22: Discriminant Function Analysis of FNAL and FL and FHD for Sex 

 
Between UBC Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 19 2 21 

Male 4 32 36 

Female % 90.5 9.5 100.0 

Male  11.1 88.9 100.0 

89.5% of original grouped cases correctly classified.   

 

Table 23: Discriminant Function Analysis of FNAL/FL and FHD for Sex 

 

Between UBC Groups  

Sex  Predicted Sex  Total  

Female Male 

Female  Count 20 1 21 

Male 4 32 36 

Female % 95.2 4.8 100.0 

Male  11.1 88.9 100.0 

91.2% of original grouped cases classified correctly.  
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APPENDIX B 

 

 

Femur Maximum Length (FL): distance from the most superior point on the head of 

the femur to the most inferior point on the distal condyles. Using an 

osteometric board, place the medial condyle against the vertical endboard 

while applying the movable upright to the femoral head (Buikstra and 

Ubelaker, 1994).  

 

Femur Maximum Head Diameter (MAX FHD or FHD): the maximum diameter of the 

femur head, wherever it occurs (Buikstra and Ubelaker, 1994). 

 

Femoral Neck Axis Length (FNAL): the distance from the base of the greater 

trochanter (defined as the point directly inferior to the greatest lateral 

projection of the greater trochanter) to the apex of the femoral head, excluding 

any lipping on the fovea capitus femoris (Meeusen, 2013).   
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