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If bones could talk: estimating sex from the glenoid cavity
By: Chelsea McKenna

ABSTRACT
The scapula, including the glenoid cavity has been used for the metric sex estimation of
human remains. Studies have shown that using the glenoid cavity for sex estimation
requires population specific data. There are currently no studies published using the
glenoid cavity of Black American individuals. The objective of this project tests the
accuracy of a Cretan discriminant function, created by Papaioannou et al. (2012) when
applied to a Black American population. The maximum length (LGC) and maximum
breadth (BGC) of the glenoid cavity was measured in 200 Black Americans (100 male,
100 female) from the Robert J. Terry Anatomical Skeletal Collection. The Cretan glenoid
cavity discriminant functions were applied to these data to classify the individual as male
or female. Upon comparison to the Cretan sample, 100% of female Black Americans
were correctly classified, whereas only 69% of male Black Americans were correctly
classified. This result indicates that the Papaioannou et al. (2012) discriminant functions
could not be used to accurately estimate sex in the Black American sample. To further
clarify variation of the glenoid cavity between populations, the Black American
descriptive statistics for LGC and BGC were compared to those of contemporary Italians,
White Americans, Greeks, Mexicans, Chileans and Guatemalans for each of females and
males. Black Americans were statistically different from both sexes in Guatemalans,
White Americans and Greeks and female Black Americans and Mexicans exhibited
statistical difference. Therefore, for accurate sex estimation using the glenoid cavity in
Black Americans, population-specific discriminant functions are necessary.

April 21, 2017

iii

Table of Contents
ACKNOWLEDGEMENTS ................................................................................................. v
LIST OF TABLES ............................................................................................................ vii
LIST OF FIGURES ......................................................................................................... viii
CHAPTER 1: INTRODUCTION ........................................................................................ 1
1.1 How is sex macroscopically estimated from human remains? .................................. 1
1.1.1 Morphological methods of sex estimation .......................................................... 2
1.1.2 Metric methods of sex estimation ....................................................................... 3
1.2 How does the scapula develop and function within the human body? ...................... 5
1.3 What is the history of the population used in this study? .......................................... 9
1.4 What is the legal significance of accuracy rates for estimating sex? ....................... 11
1.5 What are the objectives of this study? ..................................................................... 13
CHAPTER 2: METHODS ................................................................................................. 14
2.1 Skeletal Materials used for this study ...................................................................... 14
2.2 General Measurements............................................................................................. 15
2.3 Statistical Analyses using R ..................................................................................... 16
2.3.1 Testing for Normality ....................................................................................... 16
2.3.2 Bilateral Asymmetry ......................................................................................... 17
2.3.3 Analyzing the Black American data with the Cretan discriminant function
using R. ...................................................................................................................... 17
2.3.4 Comparison of descriptive statistics between populations ............................... 19

iv
2.3.5 Intra- and Inter-observer error .......................................................................... 19
CHAPTER 3: RESULTS ................................................................................................... 20
3.1 Descriptive statistics of the measurements for the glenoid cavity length and breadth
........................................................................................................................................ 20
3.2 Validation of sexual dimorphism in the Black American sample ........................... 20
3.3 Does the Papaioannou et al. (2012) discriminant function fit our population? ....... 23
3.4 Comparison of the descriptive statistics of the Black American and Cretan
populations ..................................................................................................................... 23
3.5 Comparison of Black American population means with means from other
populations ..................................................................................................................... 26
3.6 Intra- and Inter-observer error.................................................................................. 29
CHAPTER 4: DISCUSSION ............................................................................................. 30
4.1 Sexual dimorphism in the Black American sample ................................................. 30
4.2 Comparison of populations ...................................................................................... 32
4.2.1 Comparison of the Black American population with the Cretan population .... 33
4.2.2 Comparison of the Black American population with other populations ........... 37
4.3 Intra- and Inter-observer Bias .................................................................................. 40
4.4 Future Research ....................................................................................................... 42
LITERATURE CITED ...................................................................................................... 44

v

ACKNOWLEDGEMENTS
Dr. Michelle Patriquin has been a guiding light from start to finish. Anyone should
consider themselves lucky to have her as a supervisor. From quick notes just to check in
on my progress, to Saturday morning phone calls when I was panicking about deadlines,
she has taken it all in stride and I would not be submitting this thesis without her constant
support.

Dr. Tanya Peckmann brought me into this program and has been a constant mentor since
my first day. Without her, I would never have thought so much information could come
from one person. Regardless of the rocky start, she stood by me with constant belief that
this final copy could be achieved. I didn’t believe it at the time and she was right all
along.

Without Sara Edwards, there would be no thesis for me to submit. She has been more
amazing as a statistics helper than anyone I could have ever dreamed of. She has been a
cheerleader, a sounding board, a helper, a therapist and a friend, regardless of the long
distance and the few meetings we were able to have. Without her, this project would have
been impossible to complete.

To Dr. David Hunt and everyone else at the National Museum of Natural History,
Smithsonian Institution, none of this would have been possible without you opening your
doors to me and being so welcoming and helpful in every aspect of the data collection.
For this, I thank you.

vi
To SMUWorks for the funding to conduct my research in Washington, DC over the
summer of 2016. It was the trip of a lifetime.

To the Honours Biology 2017 class, CHEERS we did it! I couldn’t have asked for a better
group of girls to do this with. Also to Dr. Anne Dalziel and Dr. Laura Weir, our tireless
instructors, for their patience and understanding.

To my family and friends. I wish I could mention everyone who has been there but that
would be a thesis in itself. To my sisters, thank you for showing me how to be my own
person and stand on my own two feet. To my mom, your endless support has been
incredible. If I can be half as strong as you someday, I will have done well for myself. To
my dad who taught me the value of hard work and determination. I wouldn’t be where I
am today without the life lessons you taught me about not giving up and finishing the
things you start. To Rachel Westaway and Brooke Fisher, there are no words. You have
taken on any role I needed from you without question. What I did to deserve friends like
you, I’m not sure but I’m beyond grateful.

vii

LIST OF TABLES
Table 1.1. Summary of ossification centres of the scapula
Table 2.1. Age distribution of male and females whose scapulae were measured in this
study.
Table 2.2. Description of measurements
Table 3.1. Descriptive statistics of a Black American historic population (100 males and
100 females)

viii

LIST OF FIGURES
Figure 1.1. Anatomy of the glenohumeral joint, lateral view, humerus removed
Figure 2.1. Length and Breadth of Glenoid Cavity (LGC), lateral view
Figure 3.1. Sexual dimorphism (mean and SD) in length of glenoid cavity measurement
(mms) of Black Americans at 95% confidence.
Figure 3.2. Sexual dimorphism (mean and SD) in breadth of glenoid cavity measurement
(mms) of Black Americans at 95% confidence.
Figure 3.3. Comparison of Cretan and Black American mean LGC at 95% confidence.
Figure 3.4. Comparison of Cretan and Black American mean BGC at 95% confidence.
Figure 3.5. Mean LGC of Black Americans compared to other populations at 95%
confidence.
Figure 3.6. Mean BGC of Black Americans compared to other populations at 95%
confidence.

1

CHAPTER 1: INTRODUCTION
Creating a biological profile from human skeletal remains helps investigators to
identify an individual, which is helpful for forensic and archaeological studies. Biological
profiles include information pertaining to the estimation of ancestry, age, sex and stature
of an unknown individual. When creating a biological profile, estimating sex is vital as it
is required for estimating age and stature from unknown human remains (Stewart 1979,
Scheuer & Black 2004). The most accurate way to estimate sex from human remains is
through DNA analysis. However, this may not be a viable option if the DNA is degraded
or the costs of genotyping are prohibitive (i.e. in developing or under-developed nations)
(Lees et al. 2009). Macroscopic (i.e. morphological and metric) methods employed by
forensic anthropologists are a valuable alternative as they are less costly and easily
accessible. Many bones of the human skeleton exhibit sexual dimorphism (Spradley &
Jantz 2011, Tise et al. 2013). This sexual dimorphism in human remains has been
invaluable in accurately identifying commingled human remains following mass disasters
(Morgan et al. 2006).

1.1 How is sex macroscopically estimated from human remains?
The creation of a biological profile is a vital component of a forensic
anthropological analysis. There are two ways of estimating sex from human remains:
morphological methods and metric methods. Morphological methods are performed by
visually analysing the remains to determine the degree of expression of sex-specific bone
characteristics. The accuracy of these visual observations is dependent on the experience
of the observer (Stewart 1979). A more objective way of estimating sex from human
remains is through metric methods. Metric methods require clearly defined landmarks or
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standardized measurements obtained through the use of precise instruments (i.e. sliding
calipers and osteometric boards), and are analyzed with statistical software (Stewart
1979). The use of measuring instruments and computational methods decreases human
error in calculating variables required to estimate sex. It has traditionally been thought
that the pelvis is the best indicator of sex (Phenice 1969, Patriquin et al. 2005), followed
by the skull (Spradley & Jantz 2011). Today, almost all bones of the skeleton have been
shown to be accurate estimators of sex and recent research shows that post-cranial
elements are often more accurate than methods using the skull (Spradley & Jantz 2011,
Tise et al. 2013).
1.1.1 Morphological methods of sex estimation
Morphological sex estimation from the skull relies on the visual analysis of
observations related to overall shape and size of cranial and mandibular features. Males,
overall, have larger, more rugged and robust skulls in comparison to females, who exhibit
small, gracile and smooth features (Christensen et al. 2014). These morphological
methods can exhibit high degrees of accuracy using certain features, from 71.4% to 100%
across various populations from Africa, Asia, Europe and North America (Konigsberg &
Hens 1998, Đurić et al. 2005, Norén et al. 2005, Williams & Rogers 2006, Walker 2008,
Bigoni et al. 2010, Luo et al. 2013). However, inter-observer error rates are observed to
be relatively high as these methods depend heavily on the experience of the observer
(Stewart 1979, Konigsberg & Hens 1998, Williams & Rogers 2006).
Morphological evaluation of the post-cranial skeleton show varying degrees of
sexual dimorphism. This sexual dimorphism is restricted to the degree of expression of a
feature on the bone and sex estimation accuracy rates vary depending on the bone that is
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being examined (Christensen et al. 2014). Many populations have been studied using
morphological methods to estimate sex from the post-cranial skeleton with overall
accuracy rates of 88.9% to 96.6% (Hrdlička 1942, Finnegan 1976, Rogers et al. 2000,
Bruzek 2002, Patriquin et al. 2003, Mahfouz et al. 2007, Scholtz et al. 2010, Vance et al.
2011, Klales et al. 2012).
1.1.2 Metric methods of sex estimation
Metric sex estimation from the skull requires measuring maximum and minimum
dimensions or measuring based on osteological landmarks to quantify variations in size
and shape between male and female skulls (Christensen et al. 2014). Metric methods of
sex estimation from the skull show accuracy rates of 53.4% to 100% (Giles & Elliot
1963, Kajanoja 1966, Holland 1986, Song et al. 1992, Steyn & İşcan 1998, Patil & Mody
2005, Kemkes & Gőbel 2006, Dayal et al. 2008, Gapert et al. 2009, Spradley & Jantz
2011, Thapar et al. 2011, Babu et al. 2012, Saini et al. 2012, Ogawa et al. 2013). Metric
sex estimation from the teeth exhibits accuracy rates of 61% to 100% (Vodanović et al.
2007, Tharpar et al. 2011, Macaluso Jr. 2011, Peckmann et al. 2015).
Sex has been estimated using metric measurements from almost all bony elements
of the human skeleton (Spradley & Jantz 2011, Tise et al. 2013). Studies of many postcranial bones find that males generally have larger bones than females (Christensen et al.
2014). Many samples from varying populations have been utilized to develop population
specific metric sex estimation methods from the postcranial skeleton. The accuracy rates
of these studies range from 60% to 95.7% (Marino 1995, Mall et al. 2001, Frutos 2002,
Murphy 2002, Bidmos & Dayal 2003, Bidmos & Dayal 2004, Özer et al. 2006, GualdiRusso 2007, Steyn & İşcan 2008, Dabbs & Moore-Jansen 2009, Gonzalez et al. 2009,
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Dabbs 2010, Macaluso Jr. 2010, Macaluso Jr. 2011, Mastrangelo et al. 2011, Spradley &
Jantz 2011, DiMichele & Spradley 2012, Franklin et al. 2012, Papaioannou et al. 2012,
Ahmed 2013, Bell 2013, Gama et al. 2014, Garcia-Parra et al. 2014, Králik et al. 2014,
Kranioti & Apostol 2014, Mahakkanukrauh et al. 2014, Spradley et al. 2015, Peckmann et
al. 2015, Curate et al. 2016, Hudson et al. 2016, Moore et al. 2016, Peckmann et al. 2016,
Torimitsu et al. 2016, Zhang et al. 2016). The right talus was found to be the most
accurate at 95.7% (Gualdi-Russo 2007) and the first cervical vertebrae resulted in the
least accurate measurement at 60% (Marino 1995).
Many studies used the scapula, including the glenoid fossa, to estimate sex (e.g.
Di Vella et al. 1995, Frutos 2002, Papaioannou et al. 2012, Spradley & Jantz 2011, Bell
2013, Tise et al. 2013, Spradley et al. 2015, Hudson et al. 2016, Peckmann et al. 2016).
The scapula and glenoid fossa, commonly called the shoulder blade, are housed in the
upper back, a region of the body with heavy musculature. This heavy musculature
prevents fractures to the bone and preserves it for forensic and archaeological contexts
(Peckmann et al. 2016). Research has shown that the overall mean measurements of the
length of the glenoid cavity (LGC) and breadth of the glenoid cavity (BGC) are larger in
males than in females (Di Vella et al. 1995, Frutos 2002, Papaioannou et al. 2012, Bell
2013, Tise et al. 2013, Spradley et al. 2015, Hudson et al. 2016). This is due to
differences in the level of androgen hormones between males and females (Notelovitz
2002). The focus of this study is to use the glenoid fossa for estimation of sex in a Black
American population.
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1.2 How does the scapula develop and function within the human body?
This research focuses on the glenoid fossa, the point of articulation for the scapula
and the humerus (glenohumeral joint). This joint is responsible for the 360° rotation of
the upper arm (the largest degree of movement of any joint articulation in the human
body).
The scapula, including the glenoid fossa, is formed through endochondral
ossification. Ossification is the process by which bone is formed from pre-existing
mesenchymal tissue (Gilbert 2000). The limb skeleton is generated from lateral plate
mesoderm, which is the lateral extension of the paraxial mesoderm in the developing
embryo (Gilbert 2000, Scheuer & Black 2004). Cavitation of the glenoid fossa begins in
week seven of human development and completes by week ten of pre-natal growth
(Scheuer & Black 2004). The scapula varies very little from pre-natal week 12-14 until
the time when postnatal growth begins (Table 1). The subcoracoid centre is a secondary
ossification centre of the scapula and can be observed by eight to ten years after birth.
The subcoracoid centre is located on the upper third of the glenoid surface and is dorsal to
the coracoid process (Scheuer & Black 2004). The remaining two thirds of the glenoid
surface have an ossification centre that appears between 14 and 15 years after birth
(Scheuer & Black 2004). There is no significant sexual dimorphism observed between
males and females prior to a normal anticipated adolescent growth spurt in the glenoidal
cavity. This growth spurt occurs in females between the ages of 9.5 years and 14.5 years
of age, while in males the growth spurt occurs between 10.5 years and 17.5 years of age.
The beginning of this growth coincides with the general age range that individuals begin
puberty (Rissech & Black 2007). These growth spurts are attributed to the increase in
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serum testosterone levels in males and the rise of plasma levels of oestrone and oestradiol
in females. These hormones initiate the onset of puberty, triggering an increase in size
and shape change in male glenoid fossae in comparison to females (Krabbe et al. 1979).
Table 1.1. Summary of ossification centres of the scapula (Scheuer & Black 2004).
Developmental Timeline
Prenatal
Weeks 7-8
Weeks 12-14
Birth
Year1

Year 3
Years 8-10
Years 13-16

Years 15-17

Years 17-18
By 20 years
By 23 years

Developmental Event
Primary ossification centre appears
Main body of scapula close to adult morphology
Majority of main scapula body ossified. Acromion,
coracoid, medial border, inferior angle and glenoidal mass
still cartilaginous, coracoid begins ossification
Coracoid recognizable as separate ossification centre
Subcoracoid centre appears
Coracoid and subcoracoid begin fusion to scapular body.
Epiphyses appear for glenoid rim.
Epiphyses for angle and apex of coracoid appear
Acromial epiphysis appears
Fusion complete between coracoid, subcoracoid and
scapular body
Epiphyseal islands appear along medial border
Epiphysis for inferior angle appear
Fusion of glenoid epiphyses virtually complete
Fusion of acromial and all coracoid epiphyses complete
All scapular epiphyses fused and adult morphology
complete

The glenohumeral joint is stabilized by the muscles of the rotator cuff, the joint
capsule and ligaments, thus holding the humerus into the concavity of the glenoid fossa
during rotation (Reinold et al. 2004) (Figure 2). This complex stabilization mechanism
prevents dislocation of the glenoid fossa and plays a large role in development of the size
and shape of an individual’s glenoid cavity (Reinold et al. 2004, Notelovitz 2002). The
supraspinatus originates on the supraspinous fossa of the scapula, inserting on the greater
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tubercle of the humerus and abducting the arm at the shoulder (Muscolino 2005). The
infraspinatus originates on the infraspinous fossa of the scapula, inserts on the greater
tubercle of the humerus and laterally rotates the arm at the shoulder (Muscolino 2005).
The teres minor originates on the superolateral border of the scapula and inserts on the
greater tubercle of the humerus. This muscle laterally rotates and adducts the arm at the
shoulder (Muscolino 2005). The subscapularis originates on the subscapular fossa of the
scapula (ventral face), inserts on the lesser tubercle of the humerus and medially rotates
the arm at the shoulder joint (Muscolino 2005). The latissimus dorsi has an extensive
origin, including: the thoracolumbar fascia, spinous processes of thoracic vertebrae 7-12,
iliac crest (on pelvis), inferior ribs and the inferior angle of the scapula. The latissimus
dorsi transverses the glenohumeral joint to insert on the floor of the intertubercular
groove on the head of the humerus (Bhatt et al. 2013). The latissimus dorsi is responsible
for movements of the arm, such as extension, adduction, horizontal abduction, flexion in
an extended position and internal rotation of the shoulder joint. Over-activity of the
muscle (or muscle tightness) is responsible for excessive abduction of the scapula, which
leads to chronic shoulder and back pain (Mottram 1997, Bhatt et al. 2013).
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Figure 1.1. Anatomy of the glenohumeral joint, lateral view, humerus removed (Atlas of
Anatomy n.d.).
Generally, males have a larger muscle mass than females due to their higher levels
of androgenic hormones. These hormones not only influence muscle mass and strength,
but also bone formation and bone mineral density (BMD). High androgen levels give
males larger and more dense skeletons than those observed in women (Notelovitz 2002).
This variation in overall bone size and shape of the glenoid cavity is due to the pull of the
glenohumeral muscles on the bone surface as well as the effect of the hormones on bone
cell activity such as matrix production, mineralization and organization (Notelovitz
2002). These hormones are also responsible for osteophytic growth and decreased BMD
of postmenopausal women. This change is attributed to the decrease in estrogen and
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increase in androgen levels that is observed in females after the onset of menopause
(Notelovitz 2002). Size variation of the glenoid cavity is also affected by lifestyle factors,
which can be observed in the current population of Black Americans from turn of the
century St. Louis. Males in the studied materials have much larger glenoid fossae than
females, indicating that these males greatly utilized their shoulders and arms in day-today life.

1.3 What is the history of the population used in this study?
The first individuals of African descent to arrive in the United States landed in
Missouri in 1719 as slaves from Haiti and resided in an area just outside the city of St.
Louis (Bourgois 2008). During an economic boom from the late 1830s to the mid-1850s
St. Louis became a railway hub and a port for steamships due to its location at the
confluence of the Mississippi and Missouri rivers (Meyer 1989). This economic boom
caused the city to see a 900% increase in trade arrivals, mostly from New Orleans (Meyer
1989). Between 1860 and 1880, St. Louis became a focal point of the iron and lead
industry due to the large deposits of iron ore and lead surrounding the city, which opened
up a field employing many black labourers (Meyer 1989).
Between 1860 and 1870, there was a 262% increase in the employment of people
in the manufacturing sector of St. Louis. Approximately 5% of the population of Missouri
identified as Black American and of these individuals, 37% were employed (Gibson &
Crogman 1969). Females were almost exclusively employed by jobs that fit into domestic
and personal services (Gibson & Crogman 1969). The role of washerwoman was the most
common occupation of a Black female in St. Louis in the mid-to-late 1800s (Corbett
1999). Black males in St. Louis had industrial jobs which included hard manual labour in
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agriculture, fisheries and mining (Gibson & Crogman 1969, Corbett 1999). Males were
occasionally employed in the domestic services industry as servants if they were unable
to find a job as a labourer (Gibson & Crogman 1969).
This difference in occupation and its effects on the body can be observed in the
glenoid cavity. Males in the current study generally had osteophytic lipping on all 360° of
the margin of the glenoid cavity which is indicative of a large amount of mechanical
stress at the joint (Felson & Neogi 2014). Labourers in trades for which Black American
men were generally hired will use the full range of movement at that joint to swing an axe
in a mine, pull a fishing net into a boat or do fieldwork in the agriculture sector (Corbett
1999). In comparison, females in the current study were generally washerwomen or maids
so their osteophytic lipping was focused on the anterior margin of the glenoid cavity. This
comes from most of their motions being anteriorly directed, causing significant
mechanical stress on this margin of the cavity due to the muscles that insert in that region
(Felson & Neogi 2014).
There is a need for these data in bioarchaeology. In the past 30 years, many Black
American burial sites have been discovered in states along the northeastern seaboard (i.e.
New York and Massachusetts) containing fragmented, dispersed remains (Wall et al.
2008, Blakey 2010, Landon & Bulger 2013). As of July 1, 2015, 13.2% of the total
population of the United States of America identified as Black American (US Census
Bureau 2015). This large population makes the need for population-specific sex
estimation to discriminate between the remains of Black American and White Americans
obvious in the United States as a population this large can not go without accurate
identification techniques. This bioarchaeological data is used in identification of unknown
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individuals involved in mass disasters and accidental deaths that occur in the continental
USA and around the world.

1.4 What is the legal significance of accuracy rates for estimating sex?
The development of a biological profile, including methods for estimation of sex,
must be tested and accepted by the scientific community before becoming accepted as
standards. Osteological methods are deemed reliable in medicolegal proceedings if the
resulting accuracy rate of the method is 80.0% or higher (Christensen et al. 2014).
Daubert vs. Merrell Dow Pharmaceuticals, Inc (1993) established the Daubert
standard, which provides the rule of evidence regarding the admissibility of expert
witnesses’ testimony during the United States federal legal proceedings. The Daubert
ruling emphasized the need for objectivity and standards within the scientific method
(Holobinko 2012). This case involved mothers taking Benedectin, a prescription drug
manufactured by Merrell Dow and known for causing birth defects, to treat their
symptoms of morning sickness (Anderson 2014). Merrell Dow presented a physician and
an epidemiologist who reviewed the literature related to Benedectin and concluded that
there was no statistically significant evidence to link Benedectin and birth defects, as
claimed by the plaintiff. The judge stated that the strongest evidence showed a possible
rather than significant link between the drug and the alleged birth defects, thus providing
general acceptance of the theory or technique by the relevant scientific community
(Anderson 2014). Daubert criteria are as follows (Anderson 2014):
1) a technique can/has been tested
2) the theory/technique has been peer-reviewed
3) there is a known error rate for the theory/technique, and
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4) the theory/technique is generally accepted in the relevant scientific community
A Canadian Supreme Court case, Regina v. Mohan, which was finalized in 1994,
had much the same effect in Canada that Daubert had in the United States. The Regina v.
Mohan case is a leading Supreme Court of Canada decision on the use of experts in trial
testimony (Holobinko 2012). Dr. Mohan was a practising pediatrician who was charged
with sexually assaulting four of his female patients. A psychiatrist, Dr. Hill, was called by
the defense. He testified that the defendant did not display traits normally observed in an
individual who exhibits sexually deviant behaviour (Anderson 2014). Dr. Hill had only
treated three sexually deviant doctors and the trial judge in the case deemed his testimony
inadmissible due to its lack of scientific backing (Anderson 2014). The Mohan criteria for
admissibility of expert evidence is decided by the trial judge and includes (Anderson
2014):
1) Is the testimony relevant to the case?
2) Is the testimony necessary?
3) Is there absence of exclusionary rule?
4) Is the witness properly qualified?
Probative value versus prejudicial effect must be addressed for all evidence
presented at trial. This means that the value of the evidence must not be overborne by its
impact on the trial process (Anderson 2014).
As demonstrated above by the Daubert and Mohan rulings, objective, accurate,
and peer-reviewed scientific methodologies are critical in the admissibility of evidence in
legal proceedings. Therefore, forensic anthropology has begun to focus on creating
objective rather than subjective methods (Lesciotto 2015).
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1.5 What are the objectives of this study?
The objectives of this research are to: (1) examine sexual dimorphism of the
glenoid fossa in a Black American population. It is expected based on previous studies
that males will be significantly larger in both variables in comparison to females, (2) test
the accuracy of sex estimation discriminant function equations for the glenoid fossa
developed from a White European population by Papaioannou et al. (2012) when applied
to a Black American population. It is hypothesized that the White European discriminant
function will not accurately discriminate between male and females in the Black
American population and a population-specific discriminant function will have to be
generated, and (3) compare the results of the Black American population to populations
other than White Europeans.
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CHAPTER 2: METHODS
2.1 Skeletal Materials used for this study
The Robert J. Terry Anatomical Skeletal Collection was started in 1898 by Robert
Terry under the permission of his supervisor, A.V.L. Brokaw, at the Missouri Medical
College. Cadavers from the medical college were used to create the collection. After
students were finished examining the bodies, the bones were macerated to remove any
remaining tissue and the skeletons were stored as part of this collection. Cadavers were
obtained primarily from local St. Louis hospitals and morgues, while a few came from
other institutions throughout Missouri (Hunt & Albanese 2005). Currently, the bones are
stored in metal drawers in a secure, climate-controlled room at the National Museum of
Natural History, Smithsonian Institution in Washington, D.C. This collection contains
1728 individuals: 461 White American males, 546 Black American males, 5 Asian males,
323 White American females and 392 Black American females. Years of birth range from
1828 to 1943 and years of death range from 1924 to 1962 for the Black American
individuals. Demographic information, including sex, year of birth, age at death, ancestry
and cause of death (where possible), were known for each of the 1728 individuals.
This project examined 200 arbitrarily chosen human scapulae (100 males and 100
females) of Black American ancestry. The age at death of our samples ranged from 22-72
years of age. Only adult scapulae were examined (Table 2.1), because the scapular
epiphyses of juveniles and young adults are not fully ossified until the age of 22 years
making the estimation of sex from the glenoid fossa difficult and less accurate (Scheuer &
Black 2004). Scapulae exhibiting pathologies, post-mortem damage, and those exhibiting
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antemortem and perimortem remodelling were excluded from the study prior to choosing
the 200 included in the study sample.

2.2 General Measurements
Following Papiaoannou et al. (2012), the length of the glenoid cavity (LGC) and
the breadth of the glenoid cavity (BGC) of the scapula were measured (Figures 2.1 and
2.2, Table 2.2). Measurements of 200 individuals were taken directly from the scapula to
the nearest 0.01 mm using digital sliding calipers. A subsample of 30 randomly selected
individuals (15 males and 15 females) were used to test for bilateral asymmetry between
left and right scapulae, and inter-and intra-observer error (Buikstra & Ubelaker 1994).
The significance threshold for all tests was α=0.05.
Table 2.1. Age distribution of male and females whose scapulae were measured in this
study.
AGE RANGE (YEARS)
22-29
30-39
40-49
50-59
60-69
70-79
TOTAL

MALE SAMPLES (N)
25
36
23
12
4
0
100

FEMALE SAMPLES (N)
22
28
24
15
10
1
100
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Figure 2.1: Length and Breadth of Glenoid Cavity, lateral view (Photo by C. McKenna).

Table 2.2. Description of measurements (modified from Hudson et al. 2016).
Measurement
Length of glenoid cavity
(LGC)

Description
Vertical (superior-inferior orientation) length of the
glenoid cavity

Breadth of glenoid cavity
(BGC)

Horizontal (anterior-posterior orientation) breadth of the
glenoid cavity

2.3 Statistical Analyses using R
2.3.1 Testing for Normality
The data sets were separated into groups by sex (i.e. males and females). ShapiroWilk normality tests were conducted on each sex for glenoid cavity length and breadth.
Probability plots were generated to analyze the distribution of the data. Normally
distributed data were analyzed using t-tests, and non-normally distributed data were
analyzed using non-parametric tests, including Wilcoxon or Mann-Whitney. Mean values
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represent the balance point of normally distributed data but medians are used in nonnormally distributed plots.
2.3.2 Bilateral Asymmetry
To determine whether bilateral asymmetry existed between the left and right
glenoid fossae, a Mann-Whitney test was used to compare measurements from each of the
30 arbitrarily selected individuals (15 males and 15 females). The robustness of this test
makes Mann-Whitney a good choice for establishing the presence of bilateral asymmetry,
and can be used regardless of the data’s normality. The protocol developed by Buikstra
and Ubelaker (1994) states that only bones from the left side are measured in
anthropological analysis. The right scapula was used as a replacement in four of the 200
examined individuals due to an observable pathology or no left bone being present. Due
to the high correlation between right and left scapulae (r=0.95), this exchange of right for
left glenoid fossae measurements should not impact the accuracy of the analysis (Cross
Validated 2010).
2.3.3 Analyzing the Black American data with the Cretan discriminant function using
R.
The White European collection is a cemetery sample collected from St.
Konstantinos and Pateles in Heraklion, Crete. The individuals were born in Crete, an
island off the coast of Greece in the Mediterranean Sea, between 1867 and 1956. This
population was chosen due to its temporal similarity to the Black American sample. Also,
the genetic dissimilarity between the populations would support the need for populationspecific discriminant functions should the differences in LGC and BGC between the
Cretans and Black Americans be significant. The study by Papaioannou et al (2012) also
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measured the same aspects of the glenoid cavity of the scapula using the same
methodology as the current study.
Discriminant function analysis determines which variables discriminate between
two naturally occurring groups (i.e. males and females). Discriminant scores are obtained
by multiplying an independent variable by an unstandardized coefficient and adding or
subtracting from a constant (Hudson et al. 2016). Papaioannou et al. (2012) developed a
discriminant function separating the data by sex using a sectioning point, or cutoff point,
for the linear discriminant. The Black American data were analyzed using Papaioannou et
al.’s Cretan discriminant function (Sgl=0.221(LGC) + 0.382(BGC) – 18.14). Sgl is a term
that pertains specifically to the glenoid cavity.
The scores obtained from the Black American data were compared to the Cretan
sectioning point to determine if there was a need for a population-specific discriminant
function. Scores above the sectioning point (i.e. Sgl>0) for each measurement were
assigned as males and scores below the sectioning point (i.e. Sgl<0) were assigned as
females, as was done for the White Europeans. This population was chosen as there has
not yet been any studies of this kind performed on either Black African or Black
American populations. Although Macaluso Jr. (2010) has done work on estimating sex
from the glenoid cavity, he used photographs so his values can not be used in this study.
Using photographs to estimate sizes of physical bone is done using a different
methodology than the current study used and therefore his values could not be compared
to the current population.
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2.3.4 Comparison of descriptive statistics between populations
The Black American means and standard deviations were compared separately to
published values for Cretans (Papaioannou et al. 2012), Italians (Di Vella et al. 1995),
Guatemalans (Frutos 2002), contemporary Greeks (Bell 2013), White Americans (Bell
2013), Mexicans (Hudson et al. 2016), and Chileans (Peckmann et al. 2016). These
analyses were performed using two sample t-tests and a Bonferroni correction of p=0.008.
2.3.5 Intra- and Inter-observer error
Intra-observer error was examined to determine if the measurements collected by
an individual observer were repeatable. C. McKenna remeasured the LGC and BGC
variables from the same random subset of 30 individuals (15 males and 15 females) that
was used in the bilateral asymmetry test. BGC was analyzed using a paired t-test and
LGC was analyzed using a Wilcoxon signed ranks test.
Inter-observer error arises if the repeatability of measurements made by different
observers is low. An undergraduate research student at the National Museum of Natural
History re-measured the LGC and BGC of the same subsample of 30 individuals (15
males and 15 females) that was used for the intra-observer analysis. Both BGC and LGC
were analyzed using paired t-tests. The significance threshold for both intra- and interobserver error was set at α=0.05.
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CHAPTER 3: RESULTS
3.1 Descriptive statistics of the measurements for the glenoid cavity
length and breadth
Normality tests suggest that male LGC and BGC data were normally distributed
(p=0.99, p=0.73 respectively), as were female LGC measurements (p=0.72). Female BGC
data were non-normally distributed (p=0.01). The descriptive statistics of the Black
American population are outlined in Table 3.1.
Table 3.1. Descriptive statistics of a Black American historic population (100 males and
100 females). All measurements are in millimeters (mm).
Measurement Sex
Mean (SD)
Median
Minimum
Maximum
LGC
Male
37.65 (1.99)
37.77
32.37
43.23
Female
32.77 (1.72)
32.77
28.71
36.55
BGC
Male
27.56 (1.75)
27.56
23.39
31.25
Female
23.44 (1.72)
23.47
19.05
30.69

3.2 Validation of sexual dimorphism in the Black American sample
Sex influenced both LGC (Wilcoxon W=305.5, n= 100, p<0.001) and BGC
(Wilcoxon W=443.5, n=100, p<0.001) variables, indicating statistically significant sexual
dimorphism in the Black American sample (Figures 3.1 and 3.2). Validating sexual
dimorphism was done using Wilcoxon rank sum test (Mann-Whitney-Wilcoxon).
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Figure 3.1. Sexual dimorphism (mean and SD) in length of glenoid cavity measurement (mms) of Black Americans at 95%
confidence.
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Figure 3.2. Sexual dimorphism (mean and SD) in breadth of glenoid cavity measurement (mms) of Black Americans at 95%
confidence.
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3.3 Does the Papaioannou et al. (2012) discriminant function fit our
population?
The accuracy of the glenoid fossa discriminant function generated by Papaioannou
et al. (2012) when applied to the Black American sample is shown in Table 3.2. Males
were estimated correctly with an accuracy rate of 69%, and females were estimated
correctly with an accuracy of 100%. This gives an overall accuracy rate of 84.3% when
using the White European discriminant function applied to a Black American population.
A consideration of the sex bias ratio (% females correctly classified-% males correctly
classified) highlights the bias in this equation towards females.

3.4 Comparison of the descriptive statistics of the Black American and
Cretan populations
Results showed that mean LGC and mean BGC for male Cretans are significantly
larger than those for Black American males (Figures 3.3 and 3.4). This difference is
statistically significant in the BGC (t=-5.41, p<0.001) but not in the LGC (t=-1.49,
p=0.14). In comparison, female Cretan LGC (t=-2.60, p=0.01) and BGC (t=-4.46,
p<0.001) means are significantly larger than Black American female means (Figures 3.3
and 3.4).
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Figure 3.3. Comparison of Cretan and Black American mean LGC at 95% confidence. *= significant at Bonferroni correction
p=0.008.
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Figure 3.4. Comparison of Cretan and Black American mean BGC at 95% confidence. *= significant at Bonferroni correction
p=0.008.
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3.5 Comparison of Black American population means with means from
other populations
The Black American data were also statistically compared to data from Mexicans
(Hudson et al. 2016), Italians (DiVella et al. 1995), Guatemalans (Frutos 2002), Greeks
(Bell 2013), White Americans (Bell 2013) and Chileans (Peckmann et al. 2016).
There is a significant difference in the mean LGC (Figure 3.5) of female Black
Americans when compared to female Mexicans (t=-4.02, p<0.001), female Guatemalans
(t=4.70, p<0.001) and female White Americans (t=-3.46, p<0.001). Black American
males are significantly different from male Guatemalans (t=4.86, p<0.001) and male
White Americans (t=-4.45, p<0.001) when comparing mean LGC values (Figure 3.5).
There is a significant difference in the mean BGC (Figure 3.6) of female Black
Americans when compared to female Guatemalans (t=3.81, p<0.001), female Greeks (t=7.60, p<0.001) and female White Americans (t=-7.60, p<0.001). Black American males
are significantly different from male Guatemalans (t=4.80, p<0.001), male Greeks (t=4.07, p<0.001), male White Americans (t=-9.91, p<0.001) and male Chileans (t=3.91,
p<0.001) when comparing mean BGC values (Figure 3.6).
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Figure 3.5. Mean LGC of Black Americans compared to other populations at 95% confidence. *= significant at Bonferroni correction
p=0.008, current study in red circle.
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Figure 3.6. Mean BGC of Black Americans compared to other populations at 95% confidence. *= significant at Bonferroni correction
p=0.008, current study in red circle.
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3.6 Intra- and Inter-observer error
The LGC (Wilcoxon V=465, n=30, p<0.001) and BGC (t=3.11, n=30, p=0.004)
variables were found to be significantly different between the original sample and the remeasured sample when measured by the same person (p<0.01), resulting in high intraobserver error. Similarly, high inter-observer error was also present for one of the two
variables.
There was a significant difference between the measurements of two people for
LGC (t=9.03, n=30, p<0.01), but not for BGC (t=0.44, n=30, p=0.66). This result
indicates that the BGC variable is repeatable by other researchers but the LGC variable is
not.
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CHAPTER 4: DISCUSSION
Differences in LGC and BGC measurements have been found to be accurate
estimators of sex in White Europeans (Papiaoannou et al. 2012, Bell 2013), White
Americans (Bell 2013), South African Blacks (Macaluso Jr. 2010), Mexicans (Hudson et
al. 2016), Chileans (Peckmann et al. 2016), Guatemalans (Frutos 2002) and Italians (Di
Vella et al. 1995). These variables have also been found to be diagnostic in archaeological
populations in New Zealand (Murphy 2002), East Anatolia (Özer et al. 2006) and Tell ElAmarna (Dabbs 2010). These studies all found that male LGC and BGC are larger than
those of females. This finding indicates sexual dimorphism, and can be linked to temporal
period, lifestyle factors, genetics and socio-economic status.

4.1 Sexual dimorphism in the Black American sample
The first objective of this project was to determine the presence of sexual
dimorphism in the glenoid cavity of a historic Black American population. This study has
demonstrated that the dimensions of the glenoid cavity are sexually dimorphic and
therefore have good predictive value when estimating sex. Sexual dimorphism can be
explained by an interaction between both genetic and environmental effects. This study
found the LGC and BGC in males in the Black American sample were significantly larger
than those of the Black American females (Figure 3.1 and 3.2).
The human scapula and glenoid fossa do not exhibit sexual dimorphism prior to
puberty. Puberty occurs between 9.5 and 14.5 years in females and between 10.5 and 17.5
years in males (Rissech & Black 2007) and is initiated by an increase in serum
testosterone levels in males and in plasma oestrone and oestradiol in females. These
hormonal increases cause sex-specific changes to occur in the whole body, including the
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bones (Krabbe et al. 1979). Males have more muscle mass, a higher bone mineral density,
and more rapid bone formation than females due to higher levels of androgenic hormones
(Notelovitz 2002). High levels of testosterone in a pubertal male reduce bone resorption
and increase the periosteal apposition of bone. In females, oestrogen conserves bone
mass, suppresses bone turnover and maintains the balance between bone formation and
resorption. This absence of bone maintenance in males leads to a larger skeleton, and a
larger glenoid fossa, in males than females (Wells 2007), further supporting the findings
of this study.
Sexual dimorphism of the scapula and glenoid fossa is also dependent on physical
activity patterns. Physical activity applies mechanical stress to the bone in the area where
the muscle attaches. Mature bone size is dependent on muscle mass (Felson & Neogi
2014). This can be explained by Wolff’s law of bone remodelling which states that
mechanical loads applied to living bone will influence the structure of bone tissue (Ruff et
al. 2006). Since males are genetically pre-dispositioned to have larger muscles, their
bones are impacted by Wolff’s law and therefore, are larger and heavier than females
(Notelovitz 2002). Therefore, this would support the findings in this research for larger
LGC and BGC measurements in males than in females.
Labour divisions will also have a large impact on an individual’s bone size. In this
Black American population, males were labourers (e.g. agriculture, fishing, mining) and
therefore used sufficient amounts of upper body muscles to necessitate bone remodelling
of the glenoid fossa. In comparison, women who worked as domestic servants used ample
musculature of their upper bodies but in a more uni-directional motion when compared to
the rotational motion utilized by male labourers (Corbett 1999, Felson & Neogi 2014).
Kelley and Angel (1987) examined the occupational stresses in Black American slaves,
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and their findings are supported by what has been observed in the current study. Kelley
and Angel (1987) also found that younger females in the slave population exhibited
patterns reflective of heavy lifting on their bones that would not be found in other
populations of young females (i.e. white females) during this time. They also support
housework as the main occupation of female slaves as reflected in the arthritis patterns
present on their bones (Kelley & Angel 1987).
Research shows that glenoid cavity dimensions (LGC and BGC) are sexually
dimorphic, and can therefore be used to estimate sex from skeletal remains (Di Vella et
al. 1995, Frutos 2002, Murphy 2002, Özer et al. 2006, Dabbs 2010, Macaluso Jr. 2010,
Papiaoannou et al. 2012, Bell 2013, Hudson et al. 2016, Peckmann et al. 2016). In the
current project, the Black American population follows this trend, with males having
significantly larger glenoid cavity dimensions than females.

4.2 Comparison of populations
The second objective of the project was to determine the accuracy of a
discriminant function developed for a White European population by Papaioannou et al.
(2012) when applied to the Black American population. Papaioannou et al. (2012)
developed sex-specific discriminant functions for White Europeans using a historic Greek
cemetery sample from Crete. This function resulted in high accuracy rates when applied
to the Cretan population (males: 90.1%; females: 93.9%; overall: 91.8%). (Note: The
Papaioannou et al. (2012) White European population will be referred to as Cretans.)
When applied to the Black American population, the White European
discriminant functions diagnostic ability decreased for male individuals (Table 3.2). The
sex bias of 31% is indicative that smaller Black American males will be classified as
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female using this discriminant function. The sex bias also indicates that Black American
males are smaller in glenoid cavity dimensions than Cretan males and that Black
American females are similar to Cretan females in these variables. When applying the
White European discriminant function to the Black American population, the accuracy
rates for sex estimation are low (below the legally significant 80%). This finding supports
the existing literature that suggests discriminant functions are not transferable between
populations and population-specific discriminant functions are necessary to accurately
diagnose sex when using postcranial elements (DiVella et al. 1995, Frutos 2002, Spradley
& Jantz 2011, Papaioannou et al. 2012, Bell 2013, Tise et al. 2013, Hudson et al. 2016,
Peckmann et al. 2016).
4.2.1 Comparison of the Black American population with the Cretan population
Both males and females from Crete were significantly larger in the BGC variable
than the Black Americans but there was no statistically significant size difference in LGC
between Black Americans and Cretans for either sex (Figures 3.3 and 3.4). This research
suggests that only the BGC variable shows a statistically significant difference between
Black American and Cretan males and females (Figure 3.4).
Research has shown that several elements of the skeleton can be used as
estimators of stature to determine the living height of an individual and variation in living
stature contributes to bone size (Spradley & Jantz 2011, Tise et al. 2013). The significant
differences in the BGC and lack of significance in the LGC can be accounted for by the
similarity in living stature between the two populations. Previous research shows that
glenoid cavity dimensions are correlated with stature and overall, taller populations have
larger LGC and BGC values (Peckmann et al. 2016). The opposite is also true, with
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shorter individuals having smaller LGC and BGC values than their taller counterparts. In
living individuals, the average height of Black American males and females from the
Terry collection were recorded as 172.73 cm and 160.89 cm respectively (Trotter &
Gleser 1952). Cretan males and females have an average height of 168.49 cm and 157.5
cm respectively (Roberts 1954, Becker 1975).
Physical size differences between populations can be attributed to both lifestyle
and genetic factors. Therefore, an individual who shares more genetics with taller
populations will have larger LGC and BGC values as glenoid cavity size is correlated to
stature differences. In general, white populations are taller than those of African or
Hispanic ancestry (Komlos & Baur 2004). The genetic ancestry of Black Americans is
highly understudied. Parra et al. (1998) examined a New Orleans population and found
that a genetic contribution of 22.5% (+/- 1.6%) from White Europeans was present in the
Black American genome from this region. Many of the Black American individuals who
resided in St. Louis were brought to the area from New Orleans as slaves therefore, this
New Orleans population is genetically representative of the current sample (Bourgois
2008). Another study from Harvard University agrees with this genetic contribution. Bryc
et al. (2015) found that 24% of a Black American’s genetic ancestry is comprised of
White European genes. As for the Cretan population, there is no genetic admixture with
Black Americans. Arniaz-Villena et al. (1999) suggests that Cretans are more closely
related genetically to French and Italians rather than other Greeks. The difference may be
due in some part to genetic and geographical differences among populations, but this can
not be determined without some future research into the genetics of these two specific
populations.
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Black American individuals living in Missouri when this collection was curated
were slave labourers or domestic servants, who either escaped or purchased their
freedom. In comparison, the Cretans were employed largely in agriculture (Perakis 2010).
Olive oil was the primary export in Crete and many individuals were farmers (Perakis
2010). Indicators of labour divisions are present on the bones of the upper body of these
individuals. Male Black Americans were labourers in industries such as mining, fishing
and agriculture and Cretan males worked primarily in agriculture. Black American and
Cretan male jobs would impact the bone in similar ways. Activity patterns, such as labour
divisions, are attributed to differences in glenoid cavity size based on mechanical stresses
applied to the bone (Felson and Neogi 2014), therefore individuals who participate in
more labour-intensive jobs will have larger glenoid cavity dimensions than individuals
who are not subjected to these mechanical stresses. Black American males had more
variety in their labour patterns, which could account for the significant difference in the
BGC measures between Black American and Cretan males (Figure 3.3 and 3.4). Manual
labour jobs other than farming could cause anteriorly directed stress on the glenoid cavity,
which could further contribute to the differences in these two male populations. Black
American females sampled were domestic servants and these types of jobs require more
anteriorly directed motions. This can cause more stress to the anterior margin of the
glenoid cavity. Cretan females were mainly farmers, making the wear patterns
comparable to those observed in Cretan males. This difference in labour patterns between
Cretan and Black American females may explain the significant differences found in their
glenoid cavity breadth but it would not account for the lack of statistically significant
difference in the LGC values (Figure 3.3 and 3.4).
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Socio-cultural differences can affect the growth patterns of individuals within a
population. Socio-economic factors include access to healthcare, proper nutrition,
exposure to toxins and disease risk (Hudson et al. 2016). Socio-economic factors have a
significant impact on an individual’s height and body size therefore, individuals with a
higher socio-economic status will be larger than those from a lower status (Stinson 1985).
Acheson and Fowler (1964) found that White European individuals with a higher socioeconomic status are larger and taller than those at a lower socio-economic level, and this
finding was reinforced by Stinson (1985). Regardless of the stature differences explained
above, the Cretan population should be larger in height and glenoid cavity dimensions
than the Black Americans due to their elevated socio-economic status. However, this
difference is only true in the BGC variable (Figure 3.3 and 3.4). The Black American
population were slave labourers, generally living in impoverished neighbourhoods with
little to no access to healthcare due to the segregation of hospitals. Hospital segregation
lowered the quality of care as Black doctors did not have the education that a White
doctor at the time would possess (Burgess 1928, Bourgeois 2008). It is with poverty and
segregation in mind that this study demonstrates Black Americans belonging to a lower
socio-economic level than the Cretans. The Cretans were farmers, which was a highly
prosperous industry during the late 19th and early 20th century in the Mediterranean region
(Perakis 2010). The Cretans would have had better access to healthcare, due to their
proximity to an urban centre at Heraklion (Papaioannou et al. 2012). The Cretan
population also had the ability to support themselves working on their own farms, while
the Black American population worked farms not belonging to them and therefore, did
not have the advantage of using it as a food source. The impoverished neighbourhoods
and lack of healthcare access Black Americans faced made them vulnerable to disease,
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poor nutrition and toxins which have shown to impact proper growth patterns and bone
response (Stinson 1985).
4.2.2 Comparison of the Black American population with other populations
The third objective of this study was to compare measurements from the Black
American population with other populations using the same method of sex estimation.
Using published estimates of population mean and standard deviation, this study
compared our population to those of White Europeans (Greeks) (Bell 2013), White
Americans (Bell 2013), Italians (Di Vella et al. 1995), Mexicans (Hudson et al. 2016),
Chileans (Peckmann et al. 2016) and Guatemalans (Frutos 2002). Low accuracy rates for
sex estimation were found, which further supported the need for population-specific
discriminant functions for the estimation of sex in unknown human remains.
Research has shown that modern Greeks, Italians and White Americans have
larger average heights than those observed in historic Black Americans (Ogden et al.
2004, Nation Master 2014, Average Height 2017). The theory that taller populations will
have larger glenoid cavity dimensions is supported in the findings of this study when the
Black Americans were compared to the Greek, Italian and White American populations.
White Americans had significantly larger glenoid fossae than Black Americans in both
LGC and BGC variables for both sexes (Figures 3.5 and 3.6). Greeks were significantly
larger in both male and female BGC but male and female LGC showed no significant
difference when compared to the Black Americans (Figures 3.5 and 3.6). Italians showed
no significant size differences in either LGC or BGC values, but the Italian sample size
was low, which could contribute to this lack of significant size difference.
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White American genomes are comprised of about 98.6% White European genetics
(Bryc et al. 2015) and the Greek and Italian populations are White Europeans therefore,
these three white populations would share many of the same genetics with one another. In
comparison, historic Black Americans possess a genetic contribution from White
Europeans of about 22-24% (Parra et al. 1998, Bryc et al. 2015). This could account for
the lack of similarity between the Black Americans and the Greeks, Italians and White
Americans. The Greek, Italian and White American populations used for our comparison
are more modern when compared to this sample of historic Black Americans. This
temporal difference could attribute to these individuals living in a more thriving economy
and potentially not having as labour intensive jobs as historic populations would have
held. Modern populations would have come from a higher socio-economic status than the
historic Black American population, allowing easier access to healthcare and proper
nutrition for healthier bone development (Stinson 1985). This lack of labour intensive
jobs and increased access to healthcare and nutrition could be a factor contributing to the
larger size of the White populations when compared to the Black Americans (Figures 3.5
and 3.6).
Research has shown that skeletal remains of Mexican, Chilean and Guatemalan
ancestry are shorter than Black Americans (Frutos 2002, Hudson et al. 2016, Nation
Master 2017). This agrees with past research stating that individuals who are shorter will
have smaller glenoid cavity dimensions (Spradley & Jantz 2011, Tise et al. 2013). We did
not find evidence of size differences among Black American and Mexican males
however, significant size differences can be observed in LGC among Black American and
Mexican females (Figures 3.5 and 3.6). Difference in stature does not explain the
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significantly larger LGC present in the Mexican females or the significantly larger BGC
in Chilean males when compared to their Black American counterparts.
Individuals with a high rate of activity will have larger glenoid cavities than those
with a more sedentary lifestyle. The Mexican population came from a time where a low
percentage of its workforce was employed in labour intensive fields. Per Brown et al.
(1999), only 20% of Mexican males and 22% of Mexican females were employed in
labour-intensive fields. This low number of individuals in labour intensive jobs could
explain why the two populations were similar and no significant differences were found
(Figure 3.5 and 3.6). However, Mexico experienced a severe economic decline in the
early 1980’s and they did not recover as rapidly as expected (Bergoeing et al. 2002).
Although they were a modern population, they shared a similar socio-economic status as
the historic Black Americans. This could account for the similarity between the Black
American and Mexican populations. Genetic background impacts the variation between
populations however, only 1.3% of the Mexican genome was inherited from African
ancestry (Parra et al. 2004) and can be disregarded in this comparison.
This study found that all four variables of the indigenous Guatemalan population
were significantly smaller than the Black American sample (Figures 3.5 and 3.6). The
Guatemalan population that was studied by Frutos (2002) is a modern indigenous
population, meaning they had low socio-economic status contrary to being a modern
population. Their low status is due to lack of access to proper nutrition and healthcare. As
well, due to their rural lifestyle, they worked in labour related fields comparable to those
employing the historic Black Americans. This similarity in lifestyle and socio-economic
status should result in similarities between Guatemalans and Black Americans, however
this study shows that the two populations are significantly different in both LGC and
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BGC variables (Figure 3.5 and 3.6). Genetic differences between the Black Americans
and Guatemalans may be responsible for the significant size differences in glenoid fossa
as only 3.6% of the Guatemalan genome is inherited from individuals of African ancestry
(Sőchtig et al. 2015), indicating they are not closely related.
There was no significant size difference between the Chilean and Black American
glenoid fossae aside from the male BGC variable (Figures 3.5 and 3.6). There is a low
genetic relatedness between the Black Americans and Chileans as only 2.4% of the
Chilean genome is composed of African genetics (Eyheramendy et al. 2015). These
genetic differences could account for some of the variation between these populations,
but it is a low percentage and would not have a large impact on the variation in glenoid
fossa size. The Chilean population was also a modern population when compared to the
historic Black Americans. From the year 1960 to the present, Chile has experienced an
increase in the GDP of their country, causing it to be listed by the World Bank as a highincome country and one of the most stable countries in South America (World Bank
2016). This raises the socio-economic status of Chile to an equal or higher level than the
historic Black Americans would have experienced, leading to only the BGC value being
significantly different among the two populations (Figure 3.5 and 3.6).

4.3 Intra- and Inter-Observer Error
Intra- and inter-observer error are important components of forensic anthropology
as they indicate the replicability of the performed measurements. Intra-observer error is
assessed by the same researcher who took the sample measurements re-measuring a
random sub-sample (in this case, 30 individuals) from the study and calculating the mean
error between the two sets of measurements. When examining the LGC and BGC values
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obtained by the current researcher in both instances, they were seen to be inconsistent
(p<0.001). This suggests that the accuracy of the current researcher was not maintained.
The variation observed in the measurements performed by a single investigator
are not ideal, and are thought to be due to the lack of experience of the researcher when
placing the caliper on the bone. As the error rate for the study was only 0.01mm, it is easy
for an inexperienced observer to place the caliper on a slight angle, or for the caliper itself
to slip in either direction. The individual may have also struggled to place the instrument
on the exact same location on each bone, leading to some individuals being measured at
not the exact widest or longest point of the glenoid cavity. Early measurements that
should have been discarded as practice were used in the study and exchange of these
values for those that were taken at a time where the researcher had ample time to practice
would have resulted in more reproducible results.
Inter-observer error assesses the replicability of the measurements between
researchers. It is assessed by a separate investigator re-measuring a random sub-sample of
the sample population and comparing the mean error to the original values. To test this,
another undergraduate student studying the Terry collection at the NMNH, Smithsonian
Institution, re-measured 30 individuals from the sample population of 200 Black
Americans. There was no significant difference between the current author and the
undergraduate student for the BGC variable. However, the LGC variable showed a
significant difference with a p<0.001 (significance threshold was established at p=0.05),
indicating inconsistency between the two investigators.
The variation observed in the LGC variable is also not ideal and can be attributed
to many of the same causes as the single researcher faced. Incomplete or confusing
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instruction of the measurements between the individuals, as well as inexperience of the
second investigator could lead to the high rate of error seen in this measurement.
Due to the inexperience of both observers, this data should not be disregarded as
this project is important in many bioarchaeological and forensic contexts. There is a large
number of individuals who identify as Black Americans who currently reside in the
United States of America as well as burial grounds being unearthed containing
individuals who identified with this group in the past. Data from this project could help to
identify any number of these individuals and aid in returning those who are missing to
their families. It is for these reasons that the value of these measurements should not be
overshadowed by the high prevalence of intra- and inter-observer error rates.

4.4 Future Research
This study has contributed to the wide field of forensic anthropology and
bioarchaeology. It adds support to the theory that the dimensions of the glenoid cavity are
sexually dimorphic and population-specific discriminant functions are required to sex an
individual from skeletal remains. Creation of a population specific discriminant function
for this Black American population should be carried out. This discriminant function
would have to be tested on a Black African population to establish if data from other
black populations can be used to identify Black Americans. Future research into the
everyday life of this population could shed more light on the effects of socio-economics
on these individuals as a population.
Very little research has been carried out on Black Americans around the turn of
the 20th century. Today, Black Americans make up a high percentage of the American
population (13.2% as of 2015, US Census Bureau 2015). This high percentage of
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individuals identifying as Black Americans, as well as the large numbers of unidentified
Black American remains being discovered in bioarchaeology, supports more research into
sex, stature and age estimation of these individuals. This advancement in identification of
Black Americans could change what the world knows about American history, for better
or worse.

44

LITERATURE CITED
Acheson, R.M., & Fowler, G.B. (1964). Sex, socio-economic status and secular increase in
stature: a family study. British Journal of Preventative and Social Medicine, 18, 25-34.
Ahmed, A.A. (2013). Estimation of sex from the lower limb measurements of Sudanese adults.
Forensic Science International, 229(1-3), 169.e1-169.e7.
Ahmed, A.A. (2013). Estimation of sex from the upper limb measurements of Sudanese adults.
Journal of Forensic and Legal Medicine, 20(8), 1041-1047.
Anderson, G.R. (2014). Expert Evidence. Markham, ON: LexisNexis Canada.
Arniaz-Villena, A., Iliakis, P., González-Hevilla, M., Longás, J., Gómez-Casado, E., Sfyridaki,
K.,…Martínez-Laso, J. (1999). The origin of Cretan populations as determined by
characterization of HLA alleles. Tissue Antigens, 53, 213-226.
Average Female Height by Country. (2017). Retrieved from
http://www.averageheight.co/average-female-height-by-country
Average Male Height by Country. (2017). Retrieved from http://www.averageheight.co/averagemale-height-by-country
Babu, Y.P. Raghavendra, K.T., Attiku, Y., Dixit, P.N., & Kotian M.S. (2012). Sex estimation
from the foramen magnum dimensions in an Indian population. Journal of Forensic and
Legal Medicine, 19(3), 162-167.
Becker, M.J. (1975). Human skeletal remains from Kato Zakro. American Journal of
Archaeology, 79(3), 271-276.
Bell, I.C. (2013). Estimating Sex from the Human Scapula: A Validation Study of the Five- and
Two-variable models and FORDISC 3.0 in two White European populations. (Master’s
thesis, Saint Mary’s University, Halifax, Nova Scotia).

45
Bergoeing, R., Kehoe, P.J., Kehoe, T.J., & Soto, R. (2002). A decade lost and found: Mexico and
Chile in the 1980s. Review of Economic Dynamics, 5(1), 166-205.
Bhatt, C.R., Prajapati, B., Patil, D.S., Patel, V.D., Singh, B.G.P. & Mehta, C.D. (2013). Variation
in the insertion of the latissimus dorsi & its clinical importance. Journal of Orthopaedics,
10(1), 25-28.
Bidmos, M.A. & Dayal, M.R. (2003). Sex determination from the talus of South African whites
by discriminant function analysis. American Journal of Forensic Medicine and
Pathology, 24(4), 322-328.
Bidmos, M.A. and Dayal, M.R. (2004). Further evidence to show population specificity of
discriminant function equations for sex determination using the talus of South African
blacks. Journal of Forensic Sciences, 49(6), 431-436.
Bigoni, L., Velemínská, J., and Brůžek, J. (2010). Three-dimensional geometric morphometric
analysis of cranio-facial sexual dimorphism in a Central European sample of known sex.
HOMO-Journal of Comparative Human Biology, 61(1), 16-32.
Blakey, M.L. (2010). African Burial Ground Project: paradigm for cooperation. Museum
International, 62(1-2), 61-69.
Brown, C.J., Pagán, J.A., & Rodríguez-Oreggia, E. (1999). Occupational attainment and gender
earning differentials in Mexico. Industrial and Labor Relations Review, 53(1), 123-135.
Bruzek, J. (2002). A method for visual determination of sex, using the human hip bone.
American Journal of Physical Anthropology, 117(2), 157-168.
Bryc, K., Durand, E.Y., Macpherson, J.M., Reich, D., & Mountain, J.L. (2015). The genetic
ancestry of African Americans, Latinos, and European Americans across the United
States. The American Journal of Human Genetics, 96, 37-53.

46
Bourgois, P. (2008). If you’re not black you’re white: a history of ethnic relations in St. Louis”.
City and Society, 106-131.
Buikstra, J.E. & Ubelaker, D.H. (1994). Standards for data collection from human skeletal
remains: Proceedings of a seminar at the Field Museum of Natural History. Arkansas
Archeological Survey Research Series, no. 44.
Burgess, E.W. (1928). Residential segregation in American cities. The Annals of the American
Academy of Political and Social Science, 140, 105-115.
Carretero, J.M. (1997). Clavicles, scapulae and humeri from the Sima de los Huesos site (Sierra
de Atapuerca, Spain). Journal of Human Evolution, 33(2-3), 357-408.
Christensen, A., Passalacqua, N.V., & Bartelink, E.J. (****). Forensic Anthropology: Current
Methods and Practice. Boston, MA: Elsevier Inc.
Corbett, K.T. (1999). In Her Place: a guide to St. Louis women’s history. Missouri Historical
Society Press Series.
Cross Validated. (2010). Can I Simply Remove One of Two Predictor Variables That Are Highly
Linearly Correlated?. Stack Exchange. Accessed on November 10, 2016.
Curate, F., Coelho, J., Gonçalves, D., Coelho, C., Ferreira, M.T., Navega, D., & Cunha, E.
(2016). A method for sex estimation using the proximal femur. Forensic Science
International, 266, 579.e1-579.e7.
Dabbs, G.R. (2009). Is Dwight right? Can the maximum height of the scapula be used for
accurate sex estimation?. Journal of Forensic Sciences, 54(3), 529-530.
Dabbs, G. (2010). Sex determination using the scapula in New Kingdom skeletons from Tell ElAmarna. HOMO-Journal of Comparative Human Biology, 61(6), 413-420.
Dabbs, G.R. & Moore-Jansen, P.H. (2009). A method for estimating sex using metric analysis of
the scapula. Journal of Forensic Sciences, 55(1), 149-152.

47
Dayal, M.R., Spocter, M.A. & Bidmos, M.A. (2008). An assessment of sex using the skull of
black South Africans by discriminant function analysis. HOMO: Journal of Comparative
Human Biology, 59(3), 209-221.
DiMichele, D.L. & Spradley, M.K. (2012). Sex estimation in a modern American osteological
sample using a discriminant function analysis from the calcaneus. Forensic Science
International, 221(1-3), 152.e1-152.e5.
Di Vella, G., Campobasso, C.P., Dragone, M. & Introna Jr., F. (1995). Skeletal sex determination
by scapular measurements. Bollettino Della Societá Italiana Di Biologia Sperimentale,
12, 299-305.
Đurić, M., Rakočević, Z., & Đonić, D. (2005). The reliability of sex determination of skeletons
from forensic context in the Balkans. Forensic Science International, 147(2-3), 159-164.
Eyheramendy, S., Martinez, F.I., Manevy, F., Vial, C., & Repetto, G.M. (2015). Genetic structure
characterization of Chileans reflects historical immigration patterns. Nature
Communications, 6(672).
Felson, D.T., & Neogi, T. (2004). Osteroarthritis: Is it a disease of cartilage or bone?. Arthritis
and Rheumatology, 50(2), 341-344.
Finnegan, M. (1976). Non-metric variation of the infra-cranial skeleton. Journal of Anatomy,
125(1), 23-37.
Franklin, D., Flavel, A., Kuliukas, A., Cardini, A., Marks, M.K., Oxnard, C., & O’Higgins, P.
(2012). Estimation of sex from sternal measurements in a Western Australian population.
Forensic Science International, 217(1-3), 230.e1-230.e5.
Frutos, L.R. (2002). Determination of sex from the clavicle and scapula in a Guatemalan
contemporary rural indigenous population. American Journal of Forensic Medicine and
Pathology, 23(3), 284-288.

48
Gama, I., Navega, D., & Cunha, E. (2014). Sex estimation using the second cervical vertebra: a
morphometric analysis in a documented Portuguese skeletal sample. International
Journal of Legal Medicine, 129(2), 365-372.
Gapert, R., Black, S., & Last, J. (2009). Sex determination from the occipital condyle:
Discriminant function analysis in an eighteenth and nineteenth century British sample.
American Journal of Physical Anthropology, 138, 384-394.
Garcia-Parra, P., Fernández, A.P., Djorojevic, M., Botella, M., & Alemán, I. (2014). Sexual
dimorphism of human sternum in a contemporary Spanish population. Forensic Science
International, 244, 313.e1-313.e9.
Gibson, J.W., & Crogman, W.H. (1969). Progress of a Race or the Remarkable Advancement of
the American Negro. Miami: Mnemosyne Publishing Inc.
Gilbert S.F. (2000). Developmental Biology. 6th edition. “Osteogenesis: The Development of
Bones.” Sunderland (MA): Sinauer Associates. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK10056/
Giles, E., & Elliot, O. (1963). Sex determination by discriminant function analysis of crania.
American Journal of Physical Anthropology, 21(1), 53-68.
Gonzalez, P.N., Bernal, V., & Perez, I.S. (2009). Geometric morphometric approach to sex
estimation of human pelvis. Forensic Science International, 189(1-3), 68-74.
Gualdi-Russo, E. (2007). Sex determination from the talus and calcaneus measurements.
Forensic Science International, 171(2-3), 151-156.
Guatemala Health Stats. (2017). Retrieved from http://www.nationmaster.com/countryinfo/profiles/Guatemala/Health
Holland, T.D. (1986). Sex determination of fragmentary crania by analysis of the cranial base.
American Journal of Physical Anthropology, 70, 203-208.

49
Holobinko, A. (2012). Forensic human identification in the United States and Canada: A review
of the law, admissible techniques, and the legal implication of their application in forensic
cases. Forensic Science International, 222(1-3), 394.e1-394.e13.
Hrdlička, A. (1942). The scapula: visual observations. American Journal of Physical
Anthropology, 29(1), 73-94.
Hudson, A., Peckmann, T.R., Logar, C.J. & Meek, S. (2016). Sex determination in a
contemporary Mexican population using the scapula. Journal of Forensic and Legal
Medicine, 37, 91-96.
Hunt, D.R. & Albanese, J. (2005). History and demographic composition of the Robert J. Terry
Anatomical Collection. American Journal of Physical Anthropology, 127, 406-417.
Italy Health Stats. (2014). Retrieved from http://www.nationmaster.com/countryinfo/profiles/Italy/Health
Kajanoja, P. (1966). Sex determination of Finnish crania by discriminant function analysis.
American Journal of Physical Anthropology, 24(1), 29-33.
Kelley, J.O., & Angel, J.L. (1987). Life stresses of slavery. American Journal of Physical
Anthropology, 74(2), 199-211.
Kemkes, A., & Gőbel, T. (2006). Metric assessment of the “Mastoid Triangle” for sex
determination: A validation study. Journal of Forensic Sciences, 51(5), 985-989.
Klales, A.R., Ousley, S.D., & Vollner, J.M. (2012). A revised method of sexing the human
innominate using Phenice’s nonmetric traits and statistical methods. American Journal of
Physical Anthropology, 149, 104-114.
Komlos, J., & Baur, M. (2004). From the tallest to (one of) the fattest: The enigmatic fate of the
American population in the 20th century. Economics & Human Biology, 2(1), 57-74.

50
Krabbe, S., Christensen, C., Rodbrø, P., & Transbøl, I. (1979). Effect of puberty on bone growth
and mineralization. Archives of Disease in Childhood, 54, 950-953.
Kralik, M., Urbanová, P., & Wagenknechtová, M. (2014). Sex assessment using clavicle
measurements: Inter- and intra-population comparisons. Forensic Science International,
234, 181.e1-181.e15.
Kranioti, E.F., & Apostol, M.A. (2014). Sexual dimorphism of the tibia in contemporary Greeks,
Italians, and Spanish: forensic implications. International Journal of Legal Medicine,
129(2), 357-363.
Konigsberg, L.W., & Hens, S.M. (1998). Use of ordinal categorical variables in skeletal
assessment of sex from the cranium. American Journal of Physical Anthropology, 107,
97-112.
Landon, D.B., & Bulger, T.D. (2013). Constructing community: Experiences of identity,
economic opportunity and institution building at Boston’s African Meeting House.
International Journal of Historic Archaeology, 17(1).
Lees, H.Y., Park, M.J., Kim, N.Y., Sim, J.E., Yang, W.I., & Shin, K.J. (2009). Simple and highly
effective DNA extraction methods from old skeletal remains using silica columns.
Forensic Science International: Genetics, 4(5), 275-280.
Lesciotto, K.M. (2015). The impact of Daubert on the admissibility of forensic anthropology
expert testimony. Journal of Forensic Sciences, 60(3), 549-555.
Luo, L., Wang, M., Tian, Y., Duan, F., Wu, Z., Zhou, M., & Rozenholc, Y. (2014). Automatic
sex determination of skulls B based on a statistical shape model. Computational and
Mathematical Methods in Medicine, Article ID 251628.
Macaluso Jr., P. J. (2010). The efficacy of sternal measurements for sex estimation in South
African blacks. Forensic Science International, 202(1-3), 111.e1-111.e7.

51
Macaluso Jr., P. J. (2011). Investigation on the utility of permanent maxillary molar cusp areas
for sex estimation. Forensic Science, Medicine and Pathology, 7(3), 233-247.
Mahakkanukrauh, P., Praneatpolgrang, S., Ruengdit, S., Singsuwan, P., Duangto, P., & Case,
D.T. (2014). Sex estimation form the talus in a Thai population. Forensic Science
International, 240, 152.e1-152.e8.
Mahfouz, M., Badawi, A., Merkl, B., Fatah, E.E.A., Pritchard, E., Kesler, K.,…Jantz, L. (2007).
Patella sex determination by 3D statistical shape models and nonlinear classifiers.
Forensic Science International, Available from:
https://www.researchgate.net/profile/Ahmed_Badawi/publication/6348200_Patella_sex_d
etermination_by_3D_statistical_shape_models_and_nonlinear_classifiers/links/00b7d516
c471fa3243000000.pdf
Mall, G., Hubig, M., Bűttner, A., Kuznik, J., Penning, R., & Graw, M. (2001). Sex determination
and estimation of stature from the long bones of the arm. Forensic Science International,
117(1-2), 23-30.
Mamantha, T., Shakuntala, R.P., Murlimanju, B.V., Sneha, G.K., Mangala, M.P., & Brijesh, K.
(2011). Morphometry of glenoid cavity. Online Journal of Health and Allied Sciences,
10(3), 1-4.
Marino, E.A. (1995). Sex estimation using the first cervical vertebra. American Journal of
Physical Anthropology, 97, 127-133.
Mastrangelo, P., De Luca, S., & Sánchez-Mejorada, G. (2011). Sex assessment from carpal
bones: Discriminant function analysis in a contemporary Mexican sample. Forensic
Science International, 209(1-3), 196.e1-196.e15.
Meyer, D.R. (1989). Midwestern industrialization and the American manufacturing belt in the
nineteenth century. The Journal of Economic History, 49(4), 921-937.

52
Moore, M.K., DiGangi, E.A., Ruíz, F.P.N., Davila, O.J.H., & Medina, C.S. (2016). Metric sex
estimation from the postcranial skeleton for the Colombian population. Forensic Science
International, 262, 286.e1-286.e8.
Morgan, O.W., Sribanditmongkol, P., Perera, C., Sulasmi, Y., Van Alphen, D., & Sondorp, E.
(2006). Mass fatality management following the South Asian tsunami disaster: Case
studies in Thailand, Indonesia, and Sri Lanka. PLOS: Medicine, Available from:
http://journals.plos.org/plosmedicine/article/authors?id=10.1371/journal.pmed.0030195
Mottram, S.L. (1997). Dynamic stability of the scapula. Manual Therapy, 2(3),123-131.
Murphy, A.M.C. (2002). Articular surfaces of the pectoral girdle: sex assessment of prehistoric
New Zealand Polynesian skeletal remains. Forensic Science International, 125, 134-136.
Muscolino, J. E. (2005). The Muscular System Manual: The Skeletal Muscles of the Human
Body. Missouri: Elsevier Inc.
Norén, A., Lynnerup, N., Czarnetzki, A., & Graw, M. (2005). Lateral angle: a method for sexing
using the petrous bone. American Journal of Physical Anthropology, 128(2), 318-323.
Notelovitz, M. (2002). Androgen effects on bone and muscle. Fertility and Sterility, 77(4), 34-41.
O’Bright, L. (2016). The Estimation of Sex in a Chilean Population Using the Tibia:
Applications for Human Rights Cases. (Honour’s thesis, Saint Mary’s University,
Halifax, Nova Scotia).
Ogawa, Y., Imaizumi, K., Miyasaka, S., & Yoshino, M. (2013). Discriminant functions for sex
estimation of modern Japanese skulls. Journal of Forensic and Legal Medicine, 20(4),
234-238.
Ogden, C.L., Fryar, C.D., Carroll, M.D., & Flegal, K.M. (2004). Mean body weight, height, and
body mass index, United States 1960-2002. Advance Data from Vital and Health
Statistics. 347, 1-20.

53
Özer, I., Katayama, K., Sağir, M., & Gűleç, E. (2006). Sex determination using the scapula in
medieval skeletons from East Anatolia. Collegium Antropologicum, 30(2), 415-419.
Papaioannou, V.A., Kranioti, E.F., Joveneaux, P., Nathena, D., & Michalodimitrakis, M. (2012).
Sexual dimorphism of the scapula and the clavicle in a contemporary Greek population:
Applications in forensic identification. Forensic Science International, 217(1-3), 231.e1231.e7.
Parra, E.J., Marcini, A., Akey, J., Martinson, J., Batzer, M.A, Cooper, R.,…Ferrell, R.E. (1998).
Estimating African American admixture proportions by use of population-specific
allelles. The American Journal of Human Genetics, 63(6), 1839-1851.
Parra, E.J., Kittles, R.A., & Shriver, M.D. (2004). Implications of correlations between skin color
and genetic ancestry for biomedical research. Nature Genetics, 36, S54-S60.
Patil, K.R., & Mody, R.N. (2005). Determination of sex by discriminant function analysis and
stature by regression analysis: a lateral cephalometric study. Forensic Science
International, 147(2-3), 175-180.
Patriquin, M.L., Loth, S.R., & Steyn, M. (2003). Sexually dimorphic pelvic morphology in South
African whites and blacks. HOMO-Journal of Comparative Human Biology, 53(3), 255262.
Patriquin, M.L., Steyn, M., & Loth, S.R. (2005). Metric analysis of sex differences in South
African black and white pelves. Forensic Science International, 147(2-3), 119-127.
Peckmann, T.R., Orr, K., Meek, S., & Manolis, S.K. (2015). Sex determination from the
calcaneus in a 20th century Greek population using discriminant function analysis.
Science & Justice, 55(6), 377-382.

54
Peckmann, T.R., Meek, S., Dilkie, N., & Mussett, M. (2015). Sex estimation using diagonal
diameter measurements of molar teeth in African American populations. Journal of
Forensic and Legal Medicine, 36, 70-80.
Peckmann, T.R., Logar, C., & Meek, S. (2016). Sex estimation from the scapula in a
contemporary Chilean population. Science & Justice, 56(5), 357-363.
Perakis, M. (2010). An Eastern Mediterranean economy under transformation. Crete in the late
Ottoman era (1840-98). The Journal of European Economic History; Rome, 39(3), 483525.
Phenice, T.W. (1969). A newly developed visual method of sexing the os pubis. American
Journal of Physical Anthropology, 30, 297-302.
Reinold, M.M., Wilk, K.E., Fleisig, G.S., Zheng, N., Barrentine, S.W., Chmielewski, T.,…
Andrews, J.R. (2004). Electromyographic analysis of the rotator cuff and deltoid
musculature during common shoulder external rotation exercises. Journal of Orthopaedic
& Sports Physical Therapy, 34(7), 385-394.
Rissech C., & Black, S. (2007). Scapular development from the neonatal period to skeletal
maturity: A preliminary study. International Journal of Osteoarchaeology, 17(5), 451464.
Roberts, D.F. (1954). The Cretans. A geographic analysis of some aspects of their physical
anthropology. The Journal of the Royal Anthropological Institute of Great Britain and
Ireland, 84(1/2), 145-157.
Rogers, N.L., Flournoy, L.E., & McCormick, W.F. (2000). The rhomboid fossa of the clavicle as
a sex and age estimator. Journal of Forensic Sciences, 45(1), 61-67.
Ruff, C., Holt, B., & Trinkaus, E. (2006). Who’s afraid of the big bad Wolff?: “Wolff’s law” and
bone functional adaptation. American Journal of Physical Anthropology, 129, 484-498.

55
Saini, V., Srivastava, R., Rai, R.K., Shamal, S.N., Singh, T.B., & Tripathi, S.K. (2012). Sex
estimation from the mastoid process among north Indians. Journal of Forensic Sciences,
57(2), 434-439.
Scheuer, L., & Black, S. (2004). The Juvenile Skeleton. Boston: Elsevier Academic Press.
Scholtz, Y., Steyn, M., & Pretorius, E. (2010). A geometric morphometric study into the sexual
dimorphism of the human scapula. HOMO-Journal of Comparative Human Biology,
61(4), 253-270.
Shoulder & Arm. (n.d.). In Atlas of Anatomy online. Retrieved from
http://doctorlib.info/medical/anatomy/21.html.
Sőchtig, J., Álvarez-Iglesias, V., Mosquera-Miguel, A., Gelabert-Besada, M., Gómez-Carballa,
A., & Salas, A. 2015). Genomic insights on the ethno-history of the Maya and ‘Ladinos’
from Guatemala. BMC Genomics, 16, 131.
Song, H.W., Qing, L.Z., & Tao, J.J. (2002). Sex diagnosis of Chinese skulls using multiple
stepwise discriminant function analysis. Forensic Science International, 54(2), 135-140.
Spradley, M.K., & Jantz, R.L. (2011). Sex estimation in forensic anthropology: Skull versus
postcranial elements. Journal of Forensic Sciences, 56(2), 289-296.
Spradley, M.K., Anderson, B.E., & Tise, M.L. (2015). Postcranial sex estimation criteria for
Mexican Hispanics. Journal of Forensic Sciences, 60(s1), S27-S31.
Stewart, T.D. (1979). Essentials of Forensic Anthropology: Especially as Developed in the
United States. Springfield, IL: Charles C. Thomas.
Steyn, M., & İşcan, M.Y. (1998). Sexual dimorphism in the crania and mandibles of South
African whites. Forensic Science International, 98(1-2), 9-16.
Steyn, M., & İşcan, M.Y. (2008). Metric sex determination from the pelvis in modern Greeks.
Forensic Science International, 179(1), 86.e1-86.e6.

56
Stinson, S. (1985). Sex differences in environmental sensitivity during growth and development.
Yearbook of Physical Anthropology, 28, 123-147.
Thapar, R., Angadi, P.V., Hallikerimath, S., & Kale, A.D. (2011). Sex assessment using
odontometry and cranial anthropometry: evaluation in an Indian sample. Forensic
Science, Medicine, and Pathology, 8(2), 94-100.
Tise, M.L., Spradley, M.K., & Anderson, B.E. (2013). Postcranial sex estimation of individuals
considered Hispanic. Journal of Forensic Science, 58(S1).
Torimitsu, S., Makino, Y., Saitoh, H., Sakuma, A., Ishii, N., Yajima, D.,…Iwase, H. (2016). Sex
estimation based on scapula analysis in a Japanese population using multidetector
computed tomography. Forensic Science International, 262, 285.e1-285.e5.
Trotter, M., & Gleser, G.C. (1952). Estimation of stature from long bones of American whites
and negroes. American Journal of Physical Anthropology, 10(4), 463-514.
United States Census Bureau. (2015). Black or African American alone, percent, July 1, 2015,
(V2015). Retrieved from
https://www.census.gov/quickfacts/table/PST045215/00#headnote-js-a
Vance, V.L., Steyn, M., & L’Abbé, E.N. (2011). Nonmetric sex determination from the distal
and posterior humerus in Black and White South Africans. Journal of Forensic Sciences,
56(3), 710-714.
Vodanović, M., Demo, Z., Njemirovskij, V., Keros, J., & Brkić, H. (2007). Odontometrics: a
useful method for sex determination in an archaeological skeletal population?. Journal of
Archaeological Science, 34, 905-913.
Walker, P.L. (2008). Sexing skulls using discriminant function analysis of visually assessed
traits. American Journal of Physical Anthropology, 136, 39-50.

57
Wall, D.DZ., Rothschild, N.A., & Copeland, C. (2008). Seneca Village and Little Africa: Two
African American communities in antebellum New York City. Society for Historical
Archaeology, 42(1), 97-107.
Wells, J.C.K. (2007). Sexual dimorphism of body composition. Best Practice & Research
Clinical Endocrinology & Metabolism, 21(3), 415-430.
Williams, B.A., & Rogers, T.L. (2006). Evaluating the Accuracy and Precision of Cranial
Morphological Traits for Sex Determination. Journal of Forensic Sciences, 51(4), 729735.
Zhang, K., Cui, J.H., Luo, Y.Z., Fan, F., Yang, M., Li, X.H.,…Deng, Z.H. (2016). Estimation of
stature and sex from scapular measurements by three-dimensional volume-rendering
technique using in Chinese. Legal Medicine, 21, 58-63.

