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ABSTRACT

Little is known archaeologically about the Late Woodland Schroeder Mounds
mortuary group from west-central Illinois. As such, bioarchaeological data is at the
forefront of archaeological problem-solving for not only the site, but the geographical
area as well. Skeletal data such as proximal femur angles and activity markers contribute
to the understanding of subsistence-settlement trends and postural behavior of the
mortuary complex. Femoral neck version is associated with postural behaviors such as
squatting and kneeling. The neck-shaft angle is linked to mobility and settlement patterns.
Bicondylar angle was explored to see if behaviors had any affect. Allen’s fossa and
Poirier’s facet are linked to squatting and kneeling behaviors.

The Schroeder Mounds (A.D. 650-960) sample consisted of 27 individuals. The
early 1900s sample of Hamann-Todd yielded a sample size of 74. | took various
midpoints on the femur and used a goniometer to measure each angle. Activity markers
were scored as either present (1) or absent (0). The femoral neck version and neck-shaft
angle were statistically significantly higher in Schroeder. Bicondylar angle was within
normal range in both groups with no statistical differences. Allen’s fossa frequencies
were nearly the same between groups, but Poirier’s facet was nearly double in the pre-
contact sample. These results support the idea Schroeder Mounds individuals were
habitual squatters/kneelers with a more sedentary lifestyle than expected. Given the
geographic location, there was little need to travel long distances for food with the
abundance of aquatic resources available. This research presents a new biocultural

method for unknown archaeological samples.
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CHAPTER | — INTRODUCTION

Bioarchaeology is the study of the human skeleton in archaeological contexts. The
New Physical Anthropology movement in the 1950s and the New Archaeology
movement of the 1960s led to a more systematic, holistic study of the human skeleton.
New Physical Anthropology was initiated by Sherwood Washburn who called for
physical anthropologists to move away from measurements and classification systems to
a more interpretive field of research. Emphasis was placed on function and behavior as
well as biology (Fuentes 2010). Within a decade of the formation of New Physical
Anthropology, the New Archaeology movement begun by Lewis Binford posited that
culture is a means by which people adapt to their environments (Meltzer 2011).
Individuals make up the population, and although the population is the focus of
meaningful research, individuals can participate in culture differently (Armelagos 2003).
The goal of bioarchaeology is therefore to systematically analyze skeletal populations by
documenting information on individual lives, both behavioral and morphological, to
produce dialogue concerning past as well as present populations. Together, the
osteological data and archaeological data shed light on past lifeways and lead to
meaningful comparisons across time and space.

Bioarchaeology can be utilized as archaeological problem solving, especially
when there is a lack of archaeological evidence but a presence of burials (Roberts and
Manchester 2007). The discipline has been used to gather information on the movement
of people, adaptations to environmental changes, origins and spread of diseases, diet and
economy, treatment of children, socioeconomic status, hierarchy, and occupation (Atwell
and Conner 1991; Roberts and Manchester 2007). There are many avenues that might be
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pursued to learn about past populations, including biomechanics, which is the application
of mechanical principles to the human skeleton (Ruff 2008). Biomechanics can reveal
information about skeletal populations as well as individuals, but there is also clinical
importance in its study. Skeletal variation due to mechanical factors has the potential to
reveal evidence of occupation, mobility patterns, and disease (Weiss 2012). Lines of
biomechanical inquiry include, but are not limited to, diaphyseal variations,
musculoskeletal markers, stress fractures, and geometric morphometrics.

One of the diaphyseal markers commonly used are squatting or kneeling facets.
These facets can present themselves anywhere on the lower extremity, including the
femur, tibia, ankle bones, and toe bones (Ubelaker 1979; Nelson 2011; Weiss 2017).
Facets are caused by joint displacement such as those associated with prolonged squatting
or kneeling (Ubelaker 1979). “Extreme hyperdorsiflexion of the metatarsophalangeal
joints with subsequent extension of the synovial capsule and articular cartilage” in the
foot cause marked changes on the bone indicative of kneeling due to the bent position of
the toes (Ubelaker 1979, 682). These types of marked changes on bone can reveal
information about behaviors individuals participated in during their lifetime, especially
those performed in high frequency. Specifically, Poirier’s facet and Allen’s fossa, both
considered types of squatting facets, are of interest in this study. Allen’s fossa can present
as a small depression or a large eroded area along the border of the femoral head
(Finnegan 1978; Weiss 2017). Poirier’s facet appears on the articular surface of the
femoral head toward the anterior portion of the neck (Finnegan 1978).

Yet other biomechanical markers studied are various angles of the femur, which
have been included in a limited number of biomechanical analyses. Three of the angles of
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the proximal femur are femoral neck version (FNV), neck-shaft angle (NSA), and
bicondylar angle (BA). FNV focuses on the antero-posterior position of the neck in
relation to the shaft (Murphy et al. 1987; Jain et al. 2005; Khamanarong et al. 2014).
NSA can be described as the proximo-distal angle created by how the neck is positioned
in relation to the shaft (Gilligan et al. 2013). BA measures the orientation of the femoral
shaft in association with the condyles when they are positioned on a flat plane, either a
table or an imagined straight line (Shah n.d.). Variations have been found both within and
among populations, including laterality, age, sex, and subsistence-settlement patterns
(Tardieu and Trinkaus 1994). In addition, there are clinical implications for variation in
femoral angles, especially when focusing on FNV. For example, those with cerebral
palsy have extremely high FNV measurements due to their disease (Souza et al. 2015).

One issue within the present research is the lack of meaningful explorations and
connections among the various angles of the femur and behavioral contexts. Several
authors researching angles of the femur have posited population differences are derived
from differences in physical behaviors such as squatting patterns (Khamanarong et al.
2004; Gilligan and Bulbeck 2007; Zalawadia et al. 2010), whereas others have suggested
mobility patterns like a highly nomadic lifestyles or more sedentary lifestyles are key
factors in population differences (Trinkaus 1976; Tardieu and Trinkaus 1994). Size of the
pelvis, age, laterality, and genetics are other possible influences on morphology of the
proximal femur (Macho 1991; Gudiera et al. 1994; Tardieu and Trinkaus 1994;
Hernandez-de Sosa et al. 2016).

My research in this thesis focused on two primary questions. The first was to
explore how proximal femur angles and activity markers might relate various activities in
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two distinct populations, one a prehistoric population from Illinois and another a 20"
century population from the U.S. The second was split the historic group into two
occupation groups which reflects high and low levels of activity, and then use the
patterns seen to establish a model could be applied to less well-document populations to
reconstruct lifeways, especially those concerning subsistence-settlement practices and
postural behaviors.

Morphological data collected concerning frequencies of angles and facets of the
proximal femur were collected for the Hamann-Todd collection, a modern sample with
documentation on the age and sex of previous cadaver individuals that make up the
collection. These individuals were unclaimed remains from the city morgue between
1912 and 1938 (Gillespie et al. 2011). These individuals have known occupations
documented, which assisted in identifying harder manual labor groups to compare to
lighter manual labor groups.

The resulting model was then applied to human remains recovered at Schroeder
Mounds in Henderson County, Illinois. There is little archaeological data on such cultural
traits as diet, tool use, and pottery use for the site (Kolb 1982), but much research has
been generated concerning the human remains of Schroeder Mounds (e.g., Langford
1999; Hitzmann 1997; Boncal and Smith 2013; Mosher et al 2015; Durchholz 2017;
Woollen and Smith 2017, 2021; Keeling 2019). The skeletal data suggests more reliance
on non-maize agriculture (Specht 1995), such as horticulturalists who were becoming
more sedentary (Mosher et al. 2013; Smith et al. 2016), but a few indicators are more

consistent with maize agriculture. Therefore, information concerning activity patterns can



theoretically aid in the most accurate reconstruction of their cultural ways. Expected
patterns included:

1. A higher frequency of Allen’s fossa and Poirier’s facet in the Schroeder
Mounds group compared to Hamann-Todd. This would reflect behavioral
differences such as squatting and kneeling versus sitting in a chair to rest or
work.

2. FNV will be lower in the heavy labor group due to mechanical stress on the
femoral neck. This would also be reflected in the Schroeder Mounds group,
with FNV more closely aligned with the heavy labor group.

3. BA would be similar to each other between Hamann-Todd and Schroeder
Mounds.

4. NSA would be lower in the heavy labor group compared to the light labor
group. Schroeder Mounds would have an NSA mean similar to the heavy
labor group, but possibly lower.

In this thesis, Chapter 2 covers literature associated with the hip joint and the
morphology of the proximal femur. Chapter 3 reviews the history of the two sample
groups. Chapter 4 presents materials and methods. Chapter 5 presents not only results,
but initial discussion points as well. Chapter 6 contextualizes the data and offers possible
explanations, limitations of the study, research contributions, future studies, and
conclusions.

The contributions of this study are three-fold. Firstly, the study contributed

knowledge about subsistence-settlement and postural behavior for a site with little

archaeological data. Schroeder Mound’s lack of material culture has resulted in a deficit
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in the possible knowledge it could produce, placing great importance on the
bioarchaeological data. Secondly, this research has expanded the sparse literature
concerning the viability of proximal femur angles as activity indicators. Thirdly, the
study adds valuable data to compare with future studies on proximal femur angles and

activity markers in both prehistoric and historic populations.



CHAPTER Il — THE HIP AND ITS ASSOCIATED MORPHOLOGICAL TRAITS
This chapter first gives an overview of the morphology of the hip and its
importance to the human body. Second, | review the literature of each angle of concern in
this study: FNV, BA, and NSA. Lastly, I review the literature surrounding the two
activity markers addressed in this study: Allen’s fossa and Poirier’s facet.
The Anatomy of the Human Hip
Basic Structure
The hip is a ball-and-socket joint and is known as the most powerful muscular

area of the human body (Figure 1) (Moore et al. 2018). The basic anatomy of the hip
includes a multitude of muscles which attach to the bones of the pelvis (os coxae and
sacrum), the femur, patella, or the tibia (Table 1) (Moore et al. 2018). The ball-and-
socket structure consists of the head of the femur that sits in the acetabulum. There is
very little direct attachment of the head of the femur to the acetabulum inside the joint
except for the ligament of the head of the femur which attaches at the fovea capitis and
the acetabular fossa (Moore et al. 2018). There are either 21 or 23 muscles which
contribute to the stability and movement of the hip joint (Zaghloul and Mohamed 2018).
The difference in number depends on if the reference splits the iliopsoas into the iliacus,
psoas major, and psoas minor muscles, or combines them into one large muscle. Usually
it is discussed as the iliopsoas muscle, the major flexor of the hip, because of the shared
tendons, though each has the ability to perform different actions (Moore et al. 2018). All
the muscles of the hip assist the lower limbs in extension, abduction, adduction, and

internal and external rotation (Zaghloul and Mohamed 2018).
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Figure 1. Musculature of the hip, where A is an anterior view and B is a posterior view
(Murray 2015, Figure 56-3).

Table 1 Muscles of the Pelvis (coloration denotes groups of muscle by the action they

perform).

Muscle Origin Insertion Action
Iliopsoas (iliacus, | T12-L5 transverse Lesser trochanter Flexion
psoas major, psoas | process, iliac crest,
minor) sacrum
Rectus femoris ASIS*, anterosuperior Superior patella Flexion

acetabulum
Tensor fascia latae | ASIS, iliac crest lliotibial tract Flexion
Sartorius ASIS Anteromedial tibial Flexion
plateau
Gluteus maximus | Outer cortex of ilium, Posterior iliotibial tract, Extension
posterior sacrum and gluteal tuberosity
COCCyX
Biceps femoris Ischial tuberosity Fibular head and Extension
posterolateral tibial
plateau
Semimembranosus | Ischial tuberosity Fibular head and Extension
posterolateral tibial
plateau
Semitendinosus Ischial tuberosity Anteromedial tibial Extension
plateau
Gluteus medius Anterior gluteal line Lateral surface of greater | Abduction

trochanter




Table 1 (continued).

Gluteus minimus | Outer cortex of ilium Anterior surface of greater | Abduction
trochanter

Tensor fascia ASIS, iliac crest Iliotibial tract Abduction

latae

Adductor Inferior pubic ramus, Gluteal tuberosity, Adduction

magnus ischial tuberosity adductor tubercle of
medial femur

Adductor longus | Body of pubis Middle third of linea Adduction
aspera

Adductor brevis | Inferior pubic ramus, Proximal linea aspera, Adduction

body of pelvis pectineal line

*ASIS: anterior superior iliac spine.

All these muscles associated with support and movement of the hip working
together result in the ability to walk bipedally (Moore et al. 2018). The upper limbs act as
an inverted pendulum in tandem with the lower limbs producing a normal gait, swinging
at the same frequency to counterbalance the weight of the body (Schmeltzpfenning and
Brauner 2013). The sequence of the human walking gait involves the stance phase, toe-
off, swing, and heel strike (Schmeltzpfenning and Brauner 2013; Moore et al. 2018). At
this point the sequence begins again in order to further move the individual forward. The
femora of an individual help to bring the lower limbs closer to the midline in order to
support the rest of the body (Moore et al. 2018).

Comparisons with Non-Human Models of the Hip

In addition to studying the normal human gait, comparisons can be made with
models with other animals in order to assess how morphology affects gait. In relation to
assessing appropriate models to utilize for human hip replacements, canine and primate

morphology were compared to that of humans by Kuo and colleagues (1998). Some



argued canines were a reasonable and appropriate model due to similarities in cancellous
bone distribution, the medullary canal, and the neck-shaft.

Canid Model. While walking, canines have a similar load on the hip compared to
humans, although this can be argued. The force on a single hip of a canine is
approximately 1.5-1.7 times its body weight, while in humans the force is 2.4-5.0 times
the individual’s body weight. Further differences between the quadrupedal canine and the
bipedal human can be attributed to the different number of limbs and different
configurations associated. In canines, the body weight of the animal acts on the spine
slightly closer to the shoulders than to the hindlimbs. This makes the forelimbs have a
greater ability to support the weight and gait of the individual. In humans, this
configuration is not possible due to the bipedal configuration of the spine, or the resultant
“S” curve of the spine to balance the weight of the skull. Others argue that differences in
morphological features such as anteversion and neck-shaft angles are much too large to
compare to humans. Along with the medullary canal, these features are much larger in
canines compared to humans (Kuo et al. 1998).

Non-human Primate Model. The second model proposed involving non-human
primates has evidence to support both the utilization and non-utilization of the model.
While non-human primates have a similar hindlimb dominance and the ability to adopt an
upright posture with small bursts of bipedal locomotion, the walking gait of non-human
primates utilize different muscles and velocity of the gait (Kuo et al. 1998). A study
concerning the energy expended by muscles during standing showed chimpanzees
expend higher energy levels than humans in order to maintain the stance position,
suggesting a higher amount of stress across the hips (Kuo et al. 1998, 477).
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Electromyography, or the electrical activity of muscles, was especially high in the gluteal
region of the pelvis and three muscles of the thigh (vastus medialis, vastus lateralis, and
the long head of the biceps femoris) (Kuo et al. 1998).

These studies help explain the modern human characteristic of endurance and its
effects on human gait and the importance of these considerations in hip replacement
surgeries. Where canines have a large force on each hip, humans have at two times as
much, if not more, force placed on each hip due to only utilizing two limbs for walking as
opposed to two. Where chimpanzees do not have the hip musculature adapted to obligate
bipedal motion, humans do from millions of years of adaptation. Utilization of these
models allows for a better overall understanding of the human gait and how to better
assist people with hip replacement surgeries.

The Proximal Femur Angles and Their Analyses

The osteological morphology of the hip joint is complex due to the large number
of muscles which attach to these bones, and different activity patterns can theoretically
shape the joint area in distinct ways. Angles of the femur are one way to quantify these
activity patterns that might be associated with different age and sex groups as well as
with certain economic strategies and geographical adaptations (Bonneau et al. 2012;
Gilligan et al. 2013; Khamanarong et al. 2014). Of primary concern for my research are
three angles that affect the hip area: femoral neck version (FNV); neck-shaft angle
(NSA), which is also referred to as the angle of inclination and the cervico-diaphyseal
angle; and bicondylar angle (BA). The last has been studied extensively in association

with evolution of bipedalism in humans, while the former two angles seem to have been
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studied in moderation by those concerned with biomechanics and the morphological
differences between groups.

This section will discuss the three angles of the femur included in this research:
femoral neck version, neck-shaft angle, and bicondylar angle. In addition to angles of the
proximal femur, effects concerning the formation of arthritis of the knee and
femoroacetabular joint are discussed along with the effects of activities on the joint.
Femoral Neck Version

Femoral neck version (FNV) is defined as the angle created by an imaginary line
that bisects the femoral head and neck and a second line which is created by the surface
on which the posterior portion of the femur rests (Murphy et al. 1987; Jain et al. 2005;
Khamanarong et al. 2014) as defined and measured by the Kingsley-Olmsted method and
its variations on dry femora (Kingsley and Olmsted 1948) (Figure 2). The angle measures
the antero-posterior position of the neck in relation to the shaft. Kingsley and Olmsted
first defined “normal” adult FNV measurements as anything between 0 and 15 degrees.
Most FNV measurements of populations average above 0 degrees, with most averages
between 9 degrees and 15 degrees (Korukonda et al. 2007; Maheshwari et al. 2010;
Ejnisman et al. 2013; Khamanarong et al. 2014). The angle of torsion is called
anteversion if it points anterior to the transcondylar plane, and retroversion if it points
posterior to the transcondylar plane (Figure 2) (Zalawadia et al. 2010). This angle will be
referred to as FNV in reference to both anteversion and retroversion and will be specified

when needed.
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Figure 2. Variation in the FNV (left to right) - a: retroversion (-13.7 degrees); b: normal
anteversion (9.6); and c: neutral version (-1 to 1 degree) (Zalawadia et al. 2005, 7).

FNV was demonstrated in Da Vinci’s anatomical drawings in the 1500s, and has
been noted to normally be anteverted in humans (Tayton 2007). One hypothesis
concerning why anteversion exists draws upon Wolff’s Law, which explores
consequences of external forces on bone morphology, whereby the bone gains strength
from more load bearing or use of the bone (Wolff 1892). The hypothesis states that it is
the forces applied on a developing fetus’ bones inside the womb which create the
subsequent anteversion. Tayton (2007) conducted a study where human and animal FNV
was considered. As may be seen in Table 2, he compared femoral structure from a variety
of mammals as well as from several primates such as the baboon, gorilla, colobus, with

that of humans.
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Table 2 FNV Means and Ranges in Selected Species (Tayton 2007, 1285).

Species FNV Mean FNV Range
Chimp 4.00 N/A
Cat 8.00 N/A
Talapoin 12.50 11.00-14.00
Gorilla 14.70 9.00-18.00
Gray's monkey 16.50 13.00-20.00
Colobus 18.00 17.00-19.00
Lamb 20.00 N/A
Mouse 23.50 23.00-24.00
Badger 24.00 22.00-26.00
Eland 26.00 N/A
Leopard 26.00 N/A
Pig 32.00 N/A
Zebra 33.00 N/A
Giant forest hog 41.00 N/A

Mathematical models were used to simulate forces placed upon the model femora
in anatomical position (Tayton 2007). For each of the chosen femora, two models were
constructed where the femur was in a neutral position and another where the femur was
in an anteverted position with FNV at 30 degrees. In humans, the turning moment
decreased from an anteverted angle of 0 to an angle of 20. The same amount of force was
applied on 3D models which had FNV measurements of 0, 5, 10, 15, and 20 degrees. At
15 degrees, there is a noticeable difference whereas between 0 degrees and 5 degrees,
there is only a 0.1 change in the turning moment (Nm) between 0 degrees and 15 degrees
there is a 1.0 Nm (3.4%) decrease. Although this is not a significant decrease, it could be
important when considering long-term impacts of stress on the femur (Tayton 2007).

Most of the averages for each species were gathered with very small sample sizes, most
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only including one or two individuals (Tayton 2007, 1285). In Table 2, where no range is
given, there was only one specimen measured in the study (Tayton 2007).

Variations in FNV measurements have been related to age, population, sex,
laterality, and pathology (Kinglsey and Olmsted 1948; Korukonda et al. 2010;
Maheshwari et al. 2010; Khamanarong et al. 2014). FNV variations are most commonly
attributed to developmental milestones in children as they learn to walk, putting an
increased amount of pressure on the hip joint as they become obligate bipeds instead of
casual bipeds (Dunlap et al. 1953; Djukic et al. 2014). Nearly all studies concerning FNV
find a higher mean for females, although the differences vary. Khamanarong et al. (2014)
found a mean of 16.59+/-5.05 degrees in females, whereas males had an average of
15.83+/-5.20 degrees. Korukonda et al. (2017) observed a mean of 21.3 degrees in the
females of a South Indian population, whereas the males of the population had a much
lower mean of 16.8, a statistically significant difference. Pelvic morphology could play
an important role in these differences. In females, the pelvic girdle is wider, requiring the
head and neck of the femur to be positioned in a way that would allow the leg to rotate
while still maintaining center of gravity at the knee joint (Gulan et al. 2000).

Observations in differences based on side are also present in the literature.
Khamanarong et al. (2014) note an average of 17.21 degrees for the left side and 15.16
for the right side when both sexes are combined and averaged together. When sexes were
combined and averaged by side in Korukonda et al. (2010), the mean for the left side was
found again to be much higher. The left femora averaged 22.15 degrees and the right side
averaged 15.74. When sex was accounted for, the right sides had larger ranges of value.
Right femora in males had an average of 13 degrees whereas in females it was 19.4
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degrees. This is a statistically significant difference. The left sides showed less of a range
with only a 2.3 degree difference (FNA mean in males was 20.0 degrees, FNA mean in
females was 22.3 degrees). Although no research has pinpointed a direct cause or another
possible explanation other than differential use of the legs (Korukonda et al. 2010), it has
been suggested that there might be a preferential leg use similar to handedness.

Various health conditions have also been implicated in differences in FNV.
Anything above 15 degrees for the FNV is considered pathologically abnormal, which
could result in labral tears or indicate diseases which may be related (Kingsley and
Olmsted 1948; Ejnisman et al. 2013), although a larger range of up to 38 degrees has
been stated as normal but is not widely accepted (Gulan et al. 2000). Cerebral palsy
especially has been linked to an increased FNV angle because of an imbalance of muscle
tension (Tayton 2007). It is important to note that while most studies do not investigate
such occurrences as tears in the labrum of the acetabulum or the ring of fibrous cartilage
around the acetabulum in association with femoral neck version, Ejnisman et al. (2013)
found individuals with angles less than 5 degrees were prone to labral tears, but the
higher degree of FNV, the larger the possible tear. Patients with measurements smaller
than 5 degrees presented with labral tears averaging 30mm in size, those with
measurements between 5 and 15 degrees averaged 34mm in size, and those with 15
degrees or higher had labral tears averaging 38mm in size (Ejnisman et al. 2013).

Some authors (Tayton 2007; Korukonda et al. 2010; Khamanarong et al. 2014)
argue FNV is diagnostic for studying behaviors. No studies truly focus on the connection
between FNV and behavior, but Korukonda et al. (2010) and Khamanarong et al. (2014)
strongly imply the connection and postulate squatting behaviors may be a causal factor
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for differences in values seen among cultural groups in India. Most studies like the
aforementioned (Tayton 2007; Korukonda et al. 2010; Khamanarong et al. 2014) aimed
to collect data for hip replacements to make them more accurate to a given population.
FNV is an important factor in hip replacements as it is directly related to the orientation
of the femoral head and neck in the acetabulum (Tayton 2007).
Neck-Shaft Angle

Neck-shaft angle is the second angle included in this study and can be described
as the proximo-distal angle created by the position of the neck in relation to the shaft
(Figure 3). Despite the limited number of studies focusing on this aspect of hip
morphology, general values range from 120 degrees to 140 degrees in modern humans,
although coxa varus (<120 degrees) and coxa valgus (>140 degrees) is not uncommon
(Gilligan et al. 2013). Currently, debate concerning methodology and explanations for
femoral neck-shaft angle variations is rampant in the literature (Anderson and Trinkaus
1998; Bonneau et al. 2012; Gilligan et al. 2013). Morphological explanations include
age-related growth patterns and climate associated body proportions (Bergmann’s and

Allen’s Rules) (Bonneau et al. 2012; Gilligan et al. 2013).

Figure 3. Diagram of the neck-shaft angle (lines AB and CD) (adapted from Hernandez-
de Sosa et al. 2016, Figure 2).

17



As with FNV, developmental milestones are pertinent in the development of a
normal NSA (Anderson and Trinkaus 1998). Within normal ranges of activity, without
other complications such as pathologies, children will develop the normal range of NSA
(120-140 degrees) by adolescence (Anderson and Trinkaus 1998). By having a smaller
NSA, the moment at the hip joint is reduced (Tavares 2012). Reduction of the moment at
the hip likewise results in subluxation of the femoral head within the femoroacetabular
joint where there is partial contact between the head of the femur and the acetabulum
itself (Tavares 2012).

In cases where children are unable to participate in normal weight-bearing
activities, including walking and running, as a result of paralysis or cerebral palsy, the
femoral neck angle remains high into adulthood. This unusual NSA in turn results in a
coxa valga (an abnormally high NSA) position of the femoral neck and a genu vara (also
known as bowlegged) position of the knee. During development, high physical activity
results in a greater decrease in NSA, and can lead to genu vara at the knee (Yoshioka et
al. 1987; Anderson and Trinkaus 1998, 281). In a study by Yoshioka et al. (1987) it was
noted a wide distal femoral valgus angles (10+ degrees) have been associated with
notable tibia vara, here the proximal end of the tibia has a deformity which causes it to
lean outward) in patients with arthritis of the knee, while little variation was found in the
shaft of the femora in those 32 cadaveric bones (Yoshioka et al. 1987, 873). No angles of
the distal end of the femur (condylar or transcondylar valgus angle) were correlated to
proximal angles of the femur (anteversion or neck-shaft angle); however, the authors note
anteversion measurements were not taken in accordance with previously performed
studies by others. The authors used the transverse functional axis rather than the posterior
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condylar line (Yoshioka et al. 1987). It is unclear how these differences could have
affected the final results, but would call into question their comparability to data from
other studies.

Other pathologies associated with NSA include hip developmental
dysplasia, cerebral palsy, varum thigh, and congenital club foot (Souza et al. 2015). In
developmental dysplasia of the hip, abnormal growth or development of the hip is
congenital (Tavares 2012). In severe cases of developmental hip dysplasia, luxation, or
dislocation, can occur. In this case, there is no contact between the head of the femur and
the acetabulum. In cases of subluxation, however, there is contact between the head of
the femur and the acetabulum. When subluxation is diagnosed in children, an lifeld
abduction splint can be utilized to correct the position of the head of the femur within the
acetabulum to treat both subluxation and hip dysplasia in general (Tavares 2012).
Tavares (2012) argues differentiation between luxation and subluxation of the joint is
imperative in order to give accurate treatment, especially in cases where early diagnoses
can be made in children. Out of the five patients with subluxation, those that wore the
brace around 22 hours per day, every day for at least six months, showed a normal
orientation of the hip joint in consequent radiographs. Thus, early diagnosis of hip
dysplasia with an accurate diagnosis of either luxation or subluxation leads to in
treatment and correction of the morphology of the joint.

Other explanations for variations in NSA include level of mobility and physically
demanding lifestyles (Bonneau et al. 2012; Gilligan et al. 2013). Anderson and Trinkaus
(1998) found no patterns in respect to sexual dimorphism, laterality, and geographical
patterns, when analyzing 30 modern, historic, and prehistoric populations. Although in
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58.8% of the 17 samples utilized in the comparative study female mean angles are higher,
in only six of the 17 samples is the difference statistically significant, leading the authors
to conclude sex differences are inconsistent at best (Anderson and Trinkaus 1998, 282-
283). Economic categories (foragers, agriculturalists, and urban), however, did present a
significant difference. The strongest correlation they identified was an increase in mean
NSA with an increase in sedentism, which is connected to economy and activity levels.
Hunting and gathering groups were found to have the lowest angles (with means ranging
from 123.2-127.6), with urban groups having the highest NSA measurements (128.4+/-
.09-136.2+/-3.6) (Anderson and Trinkaus 1998, 284). Agricultural groups varied the most
(121.9+/-4.6-133.7+/-5.6), appearing to have distributions overlapping hunting and
gathering and urban groups, but a clear general pattern of increasing NSA with decreased
mobility and mechanization (Anderson and Trinkaus 1998, 284) is seen.
Bicondylar Angle

One of the defining features of bipedalism is adduction of the knee, which is
associated with bicondylar angle, or the “obliquity” of the femoral shaft (Heiple and
Lovejoy; 1971, 75; Tardieau and Trinkaus 1994). This angle measures the angle of the
femoral shaft in association with the condyles when they are positioned flat on a plane,
such as a table or an imagined orientation of a straight line. The first line is where both
condyles rest on the flat plane. The second line bisects the femoral shaft. The angle is
then taken from the lateral side of the femur (Figure 4). This angle helps maintain a
horizontal striding gait and vertical balance in humans because it maintains a smaller
center of gravity while still allowing for a large interacetabular distance in the pelvis
(Tardieu and Trinkaus 1994; Sharma et al. 2014).

20



11 em

g
*'-1 __

Line perpendicular fo Bue line (iInfracondylar plane)

Human A. afarensis Chimpanzee

(female) “Lucy” (female)
(female)

Figure 4. Bicondylar angle of humans, Australopithecus afarensis, and chimpanzees
(Texas at Austin efossils Productions Lab).

Variation in the angle has been studied among modern humans, chimps, and
hominines because of its connection to the evolution of bipedalism. Modern humans were
found to have a mean bicondylar angle of 10.9 degrees, forest dwelling chimps -0.3, 4.2
degrees in Semliki chimps, and australopiths 12.0 degrees (Hunt et al. 2011). The first
documentation of the bicondylar angle of the Aust. africanus femur, found at the
Sterkfontein site in South Africa, was by LeGros Clark in 1947 (Heiple and Lovejoy
1971). Clark noted the femur of TM-1513 was at least 7 degrees, compared to the normal

4 to 17 degrees found in English males. Heiple and Lovejoy (1971) note that
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consequently, other authors have taken his statement to mean the bicondylar angle in the
Aust. africanus specimen is exactly 7 degrees, and have used this measurement in
comparison to other specimens without verification. Heiple and Lovejoy (1971) therefore
conducted a study utilizing two femoral specimens, STS-34 and TM-1513, in order to
reevaluate the assumed bicondylar angle of the Aust. africanus species. Their study
concluded STS-34 has a bicondylar angle of 15 degrees and TM-1513 has a bicondylar
angle of 14 degrees with no more than one to two degrees lower than those measurements
in case of error.

Similar to FNV and NSA, the bicondylar angle changes as milestones in bipedal
locomotion occur (Sharma et al. 2014). The BA of newborn infants is 0 degrees and is
between 8 and 14 degrees by adulthood. Likewise, an appropriate angle is not reached if
children do not walk, remaining abnormally low throughout their lives. Variations are
seen between sexes. Women tend to have higher BAs due to the morphology of the
pelvis, resulting in a wider interacetabular gap. In the study conducted by Sharma et al.
(2014), researchers compared what they call the “genders” in the Pradesh region of India,
although I am sure they mean “sexes.” A total of 130 adult femora (68 males, 62 females)
of individuals who did not have any pathologies or fractures, and were from the Pradesh
region were included in the study. Males had right femoral average of 6.371+/- 1.821
(n=35) and a left femoral average of 7.348+/- 2.366 (n=33). Females had a right femoral
average of 8.206+/- 2.119 (n=31) and a left femoral average of 8.729+/- 2.302 (n=31).
Side differences in the sexes were not statistically significant, but it is interesting to note

both Sharma et al. (2014), who focused on the people of Gwalior in the Pradesh region,
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and Pearson and Bell (1919), who focused on an English population, found the same
pattern of the BA in left femora in both sexes to be larger.

In conclusion, angles of the femur, including the FNV, NSA to BA, have been the
focus of a number of studies in the biological sciences. They each have implications
stemming from evolutionary changes and morphological adaptions resulting from bipedal
locomotion (Heiple and Lovejoy 1971; Trinkaus 1976; Tardieau and Trinkaus 1994;
Anderson and Trinkaus 1998; Tayton 2007; Tavares 2012; Sharma et al. 2014; Souza et
al. 2015). Each has also been studied, to a certain degree, in association with sex and
laterality with varying patterns emerging (Pearson and Bell 1919; Anderson and Trinkaus
1998; Gulan et al. 2000; Khamanarong et al. 2014; Sharma et al. 2014). Lifestyles and
cultural differences have also been implicated in the differences between populations,
especially with FNV and NSA (Korukonda et al. 2010; Bonneau et al. 2012; Gilligan et
al. 2013; Khamanarong et al. 2014).

Activity Markers in the Proximal Femur

Many scholars, from ethnographers to osteologists, have observed squatting
postures in a multitude of peoples including Neandertals, a number of precontact
populations from the Americas, and blacks and whites from the midwestern United States
in the Terry Collection at the Smithsonian Institution (Corruccini 1974; Nelson 2011;
Ubelaker 1973; Smith and Woollen 2021; Ubelaker 1979; Wilk 2014, respectively).
Squatting is a convenient positioning for the body, but puts considerable force on the
joints of the lower limbs. The hip and knees are in hyperflexion while the ankle joint is in

hyperdorsiflexion, as shown in Figure 5 (Trinkaus 1976, 330; Ubelaker 1979). Squatting
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behavior such as crouching and kneeling will create more stress on the femoroacetabular

joint and the femur itself, such as the posture observed in Figure 5 (Trinkaus 1976).

Figure 5. Squatting behavior putting pressure on the hip joint (Trinkaus 1975, 330).

Facets associated with this specific activity may appear on multiple areas of the
same bone in addition to multiple bones of the leg (Ubelaker 1979; Nelson 2011). One
example of the use of multiple bones of the lower leg in constructing past postural
behaviors comes from a study by Nelson (2011). He utilized tibiae, tali, proximal pedal
phalanges, and first through fifth metatarsals to find patterns of kneeling and squatting
behaviors at the Archaic Period hunter-gatherer Gauthier site in Florida. The Gauthier
population showed a significantly higher frequency of squatting/kneeling facets (37.5%)
in comparison to the historic Ecuadorian sample of the Ayalans (20%), prehistoric Inuit
(2%), and prehistoric Native American groups such as the Mobridge (5%) and the
Najemoy (1%); it was also higher than rates seen in the modern Terry collection (<1%)
(Nelson 2011, 39). This shows evidence of extreme hyperdorsiflexion, which indicates a

high level of squatting or kneeling activities (Nelson 2011). By comparing and
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contrasting frequencies of postural facets, activity patterns may be inferred and additional
lifestyle patterns compared.
Facets on the Femur

Facets that form on the proximal end of the femur include Poirier’s facet and
Allen’s facet/fossa, both located on the anterior femoral head (Finnegan 1978) (Figure 6).
Allen’s fossa is known by many names including the cervical fossa of Allen, Allen’s
facet, fossa of Allen, and plaque (Pitt et al. 1982), while some researchers such as
Finnegan (1978) differentiate between plaque and Allen’s fossa by texture. Erosion of
cortical bone may reveal cancellous bone underneath if eroded badly enough and can
cause pain in some individuals, and is the process which creates the fossa. Clinical usage
of Allen’s fossa to explain hip pain in middle and older adults can be diagnosed through
radiographs. Figure 7 shows the reaction area from a radiograph taken of an adult female
who had intermittent pain in her right hip, which was related to the presence of Allen’s
fossa. The patient did not reveal any abnormalities during a cursory examination, though
the radiographs reveal the underlying issue (Pitt et al. 1982). Allen’s fossa has been found
to be indicative of squatting behavior, although it can also be associated with walking or
running downhill, sitting cross-legged, and normal wear and tear during flexion and

abduction of locomotion (Pitt et al. 1982; Weiss 2017).
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POIRIER'S FACET

FIGURE 4

Figure 6. Allen’s fossa and Poirier’s facet (Ghosh et al. 2014, 6).

Figure 7. Allen’s fossa in a 46-year-old woman who presented with hip pain (Pitt et al.
1982, 1116).
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Poirier’s facet is indicated by a slight bulging of the articular surface of the
femoral head on the anterior posterior portion (Finnegan 1978, 24). It is indicative of
squatting behavior (Weiss 2017). The facet has also been linked to horseback riding
(Molleson and Blondiaux 1994). Molleson and Blondiaux (1994) found that two of the
four femora from the Kish site, dated to circa 2375 B.C., in Iraq presented with Poirier’s
facet, which they associated with the iconography of horseback riders found on artifacts
from the same site. Additionally, Molleson and Blondiaux (1994) identified many
musculoskeletal markers such as an enlarged linea aspera where multiple adductor
muscles attach and trochanteric spicules which indicate strong laterally rotating muscles.

In conclusion, proximal femur angles and activity markers can help suggest past
lifeway trends. FNV, Allen’s fossa, and Poirier’s facet are associated with behaviors such
as squatting and kneeling. NSA is associated with mobility and settlement patterns.
Bicondylar angle is associated mainly with bipedalism, but was explored in this thesis to
see if it was perhaps affected by changes in FNV and NSA in relation to differences in
lifeways such as subsistence and labor differences. Subsistence-settlement patterns in the

region of interest are discussed in the following chapter.
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CHAPTER Il - SUBSISTENCE AND LABOR STRATEGIES

This chapter presents a description of the Schroeder Mounds of west central
[llinois. While the culture and exact subsistence-settlement pattern of the Schroeder
Mounds population will never be fully understood due to the lack of material culture
associated, they can be contextualized within the Late Woodland period in addition to
information produced from skeletal data. Therefore, this section describes what is known
about the Late Woodland period generally and the Schroeder Mounds group specifically.
In addition, the history of the Hamann-Todd collection will be discussed, including how
the collection was established and background information on the individuals in the
collection.

Setting the Scene: The Late Woodland Period and West-Central Illinois

West-central Illinois includes the Mississippi River and Illinois River valleys
along with the Green River drainage (Green and Nolan 2000, 345). The region is
characterized by upland areas with level ground (Green and Nolan 2000, 346). The
region’s flora consisted of prairie and floodplain forests. Fauna consisted of aquatic,
terrestrial, and avian species supported by these habitats and the rivers, backwaters, and
tributary streams there, with variable diversity dependent upon the exact habitat
(Emerson et al. 2000).

Generally, the Late Woodland period in west-central Illinois (~ AD 600-900) was
characterized by forager-farmers with seasonal sedentary settlement patterns (Emerson et
al. 2000; Benn and Lee 2002). A model of frontier settlement has been applied to
interpretations of Late Woodland peoples in this region (Green and Nolan 2000, 348-
349). The term frontier is used in this model to describe areas that are not yet developed
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or not yet occupied (Lerner 1984, 67). In this model, settlement begins with “nucleated
villages that serve as focal points for the pioneer group” (Green and Nolan 2000, 349).
Next, the group spreads out further into new spaces in the area (Green and Nolan 2000).
Economic changes would follow depending on new environmental pressures and social
changes. Group identity would further separate from the original identity. The final stage
would result in a “reduction in social stratification” (Green and Nolan 2000, 349).

Green (1987, 1993) outlined these four stages of settlement by time period. The
longest was Stage 111 (ca. A.D. 600-950), the exact time period that Schroeder Mounds
would have been utilized as a mortuary site (i.e., ~AD 660-960) (lllinois State
Archaeological Society 2019). During this time period, the uplands had small households
dispersed as homesteads (Emerson et al. 2000). At the same time, the main valleys had
large populations with large meeting areas including mortuary complexes along the bluffs
of the Mississippi River (Green 1993).

Sunflower, chenopods, and squash seem to be a complex adapted for the drier
Plains environment (Simon 2000, 56). During the early Late Woodland period (ca. A.D.
600-900) at the Shaw site on the upper Rock River in north-central Illinois, Indigenous
people relied heavily on wild plants and had slight supplementation of the diet with
cultivated plants like little barley and chenopods, along with horticultural plants like pepo
squash/gourds (Parker 1996). Domesticated sunflower and sumpweed was found along
the Rock River as well (Simon 2000). Temporary garden plots were employed for
relatively mobile populations at this time (Simon 2000).

Maize was found as early as the latter part of the 9™ century in northern Illinois

(Simon 2000, 59). A “two-pronged” entry into Illinois and Wisconsin has been proposed
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(Simon 2000). Although there is little evidence to support this, it is intriguing. One
“prong” of corn’s entry is suggested to originate in the eastern Great Lakes, spread into
southeastern Michigan and into northern Illinois. The second “prong” is suggested to
come from the south up the Mississippi River.

Maize agriculture and maize production seems to have begun in the central
Illinois River Valley ca. A.D. 1100 (VanDerwarker et al. 2013) with Mississippianization
following (VanDerwarker et al. 2013, 147). Variables such as political organization and
environment played a key role in the adoption and intensification of maize at this crucial
junction, resulting in changes in the subsistence economy of the Central Illinois River
Valley (CIRV) and the rest of the northern Illinois region (VanDerwarker
2013). Mississippian societies were characterized by hierarchical systems, craft
specialization, and a seasonal subsistence including farming. During the summer, it is
presumed that Mississippians populations tended their crops, but also foraged and fished
(‘Yerkes 2005). Fields were prepared for planting crops, and were planted at the start of
the growing season (Yerkes 2005). During the fall and winter, they would forage, store,
and hunt for food (Yerkes 2005). Although these regional trends set the stage for
reconstructing lifeways at the Schroeder Mounds in general, unfortunately very little is
known about the site and its immediate area (Smith and Woolen 2020).
Kuhlman Mounds

Kuhlman Mounds, located in the Mississippi River Valley of west-central Illinois
(Atwell and Conner 1991), exhibit many of the cultural developments of this time period.
Population size in west-central Illinois increased steadily during the Late Woodland
period, with some data suggesting populations tripled by the terminal Late Woodland
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(Garner 1991). Data from the Kuhlman Mounds group supports the overall reported trend
of a focus on cultivated seed plants and squash (Garner 1991; Simon 2000). In addition,
the area seems to have been abundant in aquatic food resources with a clear focus in the
diet on aquatic resources (Garner 1991).

Based on the sparse grave goods at Kuhlman, Atwell (1991) and Garner (1991)
concluded a lack of extensive trade that was present in the Middle Woodland period in
the region. Burial treatments and grave goods suggest an emphasis on group membership
rather than a focus on achieved or ascribed status (Atwell 1991). They were variable,
including in situ processing, no processing, and processing in the limestone charnel
houses located on the mounds (Atwell 1991). A generally low frequency of grave goods
(Atwell 1991) was seen. No clear patterns of treatment or burial goods by sex were
found, suggesting there was no clear differentiation between men and women; however,
infants under 1.5 years of age were more likely to have grave goods (Atwell 1991). Thus,
the mortuary practices seen at Kuhlman follow the general patterns noted in Late
Woodland literature.

Effigy Mound Culture

The Effigy Mound culture also of west central Illinois may have been greatly
influenced by the people in lowa and Wisconsin (Kolb 1982). The Effigy Mound culture
focused on hunting and gathering wild resources (Boeke 1993; Theler and Boszhardt
2000). The inhabitants were reliant on a small number of high-yield cultigens such as
squash and chenopods which were harvested seasonally (Theler and Boszhardt 2000)
with no evidence of any use of maize. Large mammals were a large portion of the diet
during the fall and winter, often reaching 90% or more of a faunal assemblage (Theler
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and Boszhardt 2000). In the summer there was a focus on freshwater mussel shells and

other aquatic resources (Stoltman 1990). Also in the spring and summer it seems smaller

family units came back together to form macro-bands who constructed burial mounds and

buried their dead together (Theler and Boszhardt 2000). This is indicated by the high

amount (70%) of conical mound secondary burials (Theler and Boszhardt 2019).

The Schroeder Mounds

The Schroeder Mounds mortuary complex (Figure 8) in Henderson County,

Illinois, was discovered in 1975 by the owner of the property, Charles Schroeder, when

he was bulldozing the property to build a new house (Kolb 1982). A master’s thesis by

Michael Kolb (1982) one of the only available sources of data for excavations and

possible cultural associations at the site based on his presence during the excavations and

is therefore heavily relied upon in this section., Stanley Riggle of Western Illinois

University subsequently conducted excavations during the field seasons of 1975 and

1976 (Kolb 1982). The project was limited to the planned area of the house construction

(Kolb 1982), and it is therefore believed many more burials were not recovered.
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Figure 8. Location of Schroeder Mounds (from Smith and Woollen 2017, Figure 1).
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About 123 burials, 70 adults and 53 subadults, were recovered, and exhibited
generally very good bone (Kolb 1982). The burials were irregularly located across the
site and were positioned towards sunrise and sunset during the summer and winter
solstices with positions varying (Kolb 1982, 34) (Figure 9). Some interesting trends in
burial treatment included potential cremation in one area of the site, with violent deaths
buried more in association with each other Few burial goods were evidently found (Kolb
1982), as was also seen at Kuhlman Mounds, and those that were recovered are evidently
no longer accessible for study and appear to have been somehow lost over the last forty
years. Interestingly, children received more burial goods in one mound than others. This
seems to indicate a point in the use of the Schroeder Mounds mortuary complex possibly
reflecting social ranking within children, since they would not have differential burial

treatment across the site in an egalitarian society (Kolb 1982, 53).

—

Figure 9. Burial map of Schroeder Mounds (Kolb 1982, Figure 10).
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Kolb (1982) did note that the ceramics at Schroeder Mounds appears to be
associated with Maple Mills culture, which was a large Late Woodland group in the
CIRV (Hedman and Emerson 2008, 58). They were positioned along the Illinois River to
exploit riverine and other backwater resources, along with botanical resources including
maize, chenopods, knotweed, and wild fruits and nuts. To the north of the Maple Mills
populations were the Des Plaines Complex societies who had limited maize horticulture
and scattered campsites that were small in nature (Hedman and Emerson 2008, 58). There
was no indication of intensive maize agriculture, however. As previously discussed, the
Effigy Mound culture could have also been a large influence. Comparison of the meager
archaeological findings at Schroeder Mounds with those seen at other contemporaneous
sites in the region can provide even further context.

Previous Skeletal Research at the Schroeder Mounds

Although subsistence and labor strategies practiced at Schroeder Mounds are not
known for certain, information can be extrapolated from skeletal data from the recovered
skeletal population. Activity markers like osteoarthritis location, frequency, and degree,
and have been the focus of analysis in a few studies. Keeling (2019) observed that all but
one of the individuals surveyed in the population had controvertebral and/or
costotransverse osteoarthritis of the ribs with no sex differences observed. He suggested
that this indicated either respiratory stress or the possible use of a tump line for load
bearing activities. Age-related development of osteoarthritis did not fully explain the
frequencies noted, supporting the activity-driven argument (Keeling 2019). (Keeling
2019). Reactive change to the teres major insertion site on the humerus suggested
frequent instances where the arms were elevated (Neidich and Smith 2016).
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In another investigation of the Schroeder inhabitants, foot and ankle trauma in
adults was consistent with misstep injuries, vertical jumps or falls, and stress from
overuse (Woollen and Smith 2017, 32), affecting 13.5% (6/37). Foot trauma affected
males and females to no discernibly different degree (Woollen and Smith 2017, 32),
although the sample size was very small. In addition, the foot and ankle joints indicated
that behaviors like squatting, kneeling, and heel sitting were frequent postures exhibited
by the people of Schroeder Mounds (Smith and Woollen 2020). Of the adults surveyed in
the study, 73.2% presented with tibial or talar squatting facets (Smith and Woollen 2020,
61). The differences in frequencies between the sexes or prevalence by side were not
significant (Smith and Woollen 2020, 61). These facets suggest habitual squatting or
kneeling, likely related to postural positions like heel sitting and kneeling as a work or
rest position as documented in many past and present populations (Dewar and Pfeiffer
2004, 52; Nelson 2011; Javia et al. 2014; Garg et al. 2015; Weiss 2017, 115-130; Smith
and Woollen 2020, 58), as it allows for minimal muscle activity and energy (Jin et al.
2009; Lynn and Noffal 2012). These studies suggest a highly active population with little
sexual division of labor who regularly squatted, perhaps as a work or rest posture. These
findings are expected within the larger context of the Late Woodland period.

In addition, data on health have contributed a small understanding of the
subsistence of Schroeder Mounds. Lack of tuberculosis suggests a pre-Mississippian
society along (Mosher et al. 2013). High frequencies of caries were reported by
Durchholz (2017), which can be explained as high starch EAC crops like squash. Isotope
analysis performed in 2019 yielded no indications of maize in the diet (lllinois State
Archaeological Survey 2019). As Schroeder Mounds dates to a time when maize was in
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the region, but seemingly not a staple crop yet (VanDerwarker et al. 2013; Smith,
personal communication 2019), this suggests Schroeder was not yet Mississippianized.
Additionally, Mosher et al. (2016) suggest a high level of sedentism based on high levels
(13.2%-15.1%) of treponemal disease found in the sample.

The Hamann-Todd Collection

The Hamann-Todd sample, housed at the Cleveland Museum of Natural History
in Cleveland, Ohio, was assembled between 1912 and 1938 by medical researchers Carl
A. Hamann and T. Wingate Todd (Cleveland Museum of Natural History). It is one of the
world’s largest documented collections of modern human skeletal remains, making it an
ideal for gaining insight into morphological differences due to the immense amount of
documentation that accompany each individual. The collection is comprised of 1038
black adult males, 375 black adult females, 1931 white adult males, and 321 adult white
females (Cleveland Museum of Natural History). The sample favors males over females,
with an overall ratio of 6.6:1, a ratio of 3.2:1 black males to black females, and a ratio of
10.4:1 white males to white females (Mensforth and Latimer 1989). Demographic
analysis revealed an average age-at-death for blacks at 41.9 years of age, and whites at
53.8 years of age (Mensforth and Latimer 1989).

The collection includes individuals from both rural and urban populations dating
to around the American Civil War (1861-1865), in addition to individuals dating to the
early 1900s associated with the Great Migration (1910-1970) (Fraser and Williams 2013;
Nystrom 2016). Only 13% of the individuals in the collection have birth locations in the
District of Columbia, with many other states such as Virginia, Maryland, South Carolina,
North Carolina, Georgia, and Florida among the additional states listed (Nystrom 2016,
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197). Occupations consist of mostly unskilled labor for both blacks and whites in the
collection (de la Cova 2010). In a study utilizing analysis of the distal radius, proximal
femur, vertebrae, and sacral fractures, present evidence that the individuals under
investigation fit patterns associated with urban industrial communities (Mensforth and
Latimer 1989).

Few previous studies have explored femur morphology in the Hamann-Todd
collection. However, Maruyama et al. (2001) studied 50 adult males and 50 adult females
of a variety of ancestries (African American, white, Asian) to establish future awareness
of sex differences in hip replacement implant designs. Maruyama et al. (2001) found that
the FNV of the femur ranged between negative 15 degrees to positive 34 degrees, with an
average of 9.8 +/- 8.5, with no significant difference between males and females. The
NSA was also explored, resulting in an average of 125 +/- 4.8 by direct bone
measurement, although the authors do not go into detail explaining their methods of
direct data collection versus their radiograph methodology (Maruyama et al. 2001). In
another study seeking to better define markers like Allen’s fossa and Poirier’s facet,
Medlej et al. (2021) characterized “femoral head-neck defects” as being very prevalent in
the adult population (69.3%) (801).

In conclusion, Hamann-Todd and Schroeder Mounds are at the heart of this study.
Hamann-Todd is a historic collection assembled from unclaimed cadaveric individuals
from the early- to mid-20™ century. The Late Woodland period group Schroeder Mounds
of which little is known archaeologically but bioarchaeological analysis has given some
insight in which the activities the people of Schroeder Mounds were participating. My
study seeks to create a model by which to further offer evidence of activity levels by
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comparing the historic Hamann-Todd collection sample to the Schroeder Mounds

sample, as described in the next chapter.
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CHAPTER IV — MATERIALS AND METHODS

This chapter describes the samples that were selected for use from the Schroeder
Mounds and Hamann-Todd collections and outlines methods used in data collection for
various aspects of proximal femur morphology.

Sample Selection

For both collections, individuals were selected based on age, preservation, and
census data for Hamann-Todd. All were adults with fully fused femoral epiphyses, and
general preservation ranged from good to great. The outer cortical bone sheath on the
center of the head, shaft, and the patellar surface needed to be intact, as this was where
points were taken on the femur. If these areas were not fully intact, either the femur was
disqualified from use in the study, or only information that could be gathered was
collected (e.g., if the patellar surface was not intact only the FNV and NSA values were
collected, and not the bicondylar angle). Paired femora with all utilized areas of the bone
intact were favored. However, when needed, only one femur was included in the study of
a pair, such as the case of a broken femoral neck or shaft, regardless of the level of
healing as this would skew the collection of “normal” femoral data. No estimations were
ever done. Census data including job title or type of job was needed in order to classify
people of Hamann-Todd into the labor groups utilized in this study.
Schroeder Mounds

| utilized an adult sample from the Schroeder Mounds burial complex (N=27).
Twenty-two left femora and 25 right femora were deemed to fit the preservation criteria,
as mentioned previously. There were 20 pairs of femora and 7 isolated femora. Age and
sex estimation for the Schroeder population were undertaken previously and stored in a
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computer data base. Sex of the individuals meeting the preservation criteria included 15
females, one possible female, 10 males, and one possible male. For the sake of data
comparisons in this study, “possible female” was included in the female group, and the
“possible male” was included in the male group. Young adults (age 18-34) were 44.44%
(9 females, 3 males) of the sample, middle adults (age 35-50) were 37.03% (4 females, 6
males), and old adults (over age 50) were 18.52% (3 females, 2 males).
Hamann-Todd Collection

Some 74 individuals with intact femora were used from the Hamann-Todd
Collection. All were of European (i.e., white) ancestry. Ancestry came from the census
data. Sex and age determinations were taken from the death certificate, as curated by the
Cleveland Museum of Natural History. The young adult age category (age 18-34)
accounted for 17.57% (2 females, 11 males) of the sample, middle adults (age 35-50)
36.49% (1 female, 26 males), and old adults (over age 50) 45.96% (3 females, 31 males).

Jobs associated with the individuals in the sample during life were acquired from
the 1910, 1920, and 1930 censuses. Positions were broken down into “heavy” and “light”
labor groups based on the stereotypical definition and responsibilities associated with job
titles. Those in the “heavy” labor group included those that would require a fair amount
of manual labor such as laborer, iron works laborer, farm laborer, coal miner, and
carpenter. Examples of “light” labor jobs included clerks, cooks, salesmen, and
drivers/teamsters. Thirty-four individuals (45.96%) were assigned to the heavy labor
group. All were males. Thirty individuals (54.05%) were assigned to the light labor

group. Six of the light labor group was female and the remaining 28 were male.
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Angle Measurement Determination

In general, the methods employed were easily accessible and non-invasive. So
called “table-top” methods were utilized for data collection on the angle measurements as
they are comparative in the literature and easy to execute on dry bone. Both femora, if
possible, were measured for all angles.

Neck Shaft Angle (NSA)

For the first step in measuring the NSA (Figure 3), the midpoints on the head and
neck (anterior and superior surfaces) were found using digital calipers. One midline
created by the midpoint through the head and anterior neck while the other was the
midline of the shaft (Marmor et al. 2012). The other midline created ran through the
intertrochanteric line and the femoral head on the anterior surface of the femur (Marmor
et al. 2012). In order for these measurements to be taken, the femoral head had to
minimally have cortex in the areas where points were taken (Figure 10). The femoral
neck needed to be complete enough to take averages of thickness in order to find the
intertrochanteric line. The midpoint of the neck was determined by the most central part
of the neck. Calipers were used to find the midpoint of this area and was marked with a
small piece of sticky tack. The calipers were adjusted to the midpoint length and used to
produce the most accurate marking on the sticky tack. The shaft and patellar surface had
enough completeness to find the median point based on thickness. These data points were
then taken together with the intertrochanteric line of the neck with the angle measured
using a goniometer. Midpoints were measured twice or more if necessary to reduce

observer error.
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Figure 10. Determination of points used to measure NSA on a Hamann-Todd individual.
Femoral Neck Version (FNV)

To determine the FNV, the femur needed to be able to lay flat on the table in
order to utilize the “table-top” method (Kingsley and Olmsted 1951; Zalawadia et al.
2010). Both condyles and the lesser trochanter had to be intact in the area in contact with
the tabletop. The central point of the head was determined by the highest point on the
center of the head (furthest point from the table). The center of the neck was taken on the
superior aspect in the same way as NSA. The goniometer was then lined up, one side
with the line created by the midpoint of the neck and the head, the other lined up with the
edge of the table. The angle created by these lines was then recorded as the FNV (Figure

11).
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Figure 11. Determination of points used to measure FNV on a Hamann-Todd individual.

Bicondylar Angle (BA)

For the BA measurement, a line was created utilizing a piece of paper attached to
the table’s surface at a 90 degree angle. A thick piece of cardboard was used in order to
make sure the edges of the distal edge of the lateral and medial condyles were situated
evenly with the edge of the table. The lowest point of the patellar surface was marked and
lined up with O degrees on the right angle created by the piece of paper and the edge of
the table. One line of the goniometer was lined up with the edge (0 degrees) of the right
angle and the other line of the goniometer used to align with the midline of the femoral

shaft through the point marked on the patellar surface (Figure 12).
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BICONDYLAR 7 3

Figure 12. Points of measurement to measure BA (adapted from Shah n.d.).

Activity Marker Scoring

The activity markers observed were Allen’s fossa and Poirier’s facet. Following
Finnegan (1978), each was documented as absent (0) (Figure 13) or present (1) (Figure
14) on both the right and left femoral heads/necks. Notes were kept based on
observations of the comparisons between sides, such as the right Allen’s fossa being
larger or more pitted than the left, the position was noted in a drawing, and any other
observations about the femur were noted. Digital photos were taken of each femur in
order to confirm documented activity markers. Scoring was made difficult based on
presence of plaque, which can appear as Poirier’s facet. Photos were referenced later if
any questions arose about the likelihood of the presence of Poirier’s facet rather than the

presence of plaque.
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Figure 13. Allen’s fossa and Poirier’s facet scored as absent (0) on a Hamann-Todd
individual.

Figure 14. Allen’s fossa and Poirier’s facet scored as present (1) on a Hamann-Todd
individual.
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Data Analysis
All angle measurements and activity markers were entered into a Microsoft Excel
spreadsheet (Microsoft Corporation 2018) sheet along with the burial numbers, activity
group (heavy and light labor), sex, age, and age group. Pearson correlations, mean values,
and standard deviations were calculated for various variables and relationships utilizing
Microsoft Excel. Results such as the p-value are reported, in addition to correlational
values derived from computations when needed. As this study is exploratory, p-values

were considered significant at p<.10. The findings are given in the following chapter.

46



CHAPTER V — RESULTS AND INITIAL DISCUSSION

This chapter presents the results of the analysis of the proximal femur
morphology in the Schroeder Mounds and Hamann-Todd collections. The angle
measurements for the two samples considered in this study were analyzed by side, sex,
and age, and then by occupation and subsistence-settlement pattern. Each section first
presents data for Hamann-Todd, which was utilized as a model group in order to
investigate the relationship between activity levels of individuals and proximal femur
morphology. Findings are then compared with those for Schroeder Mounds, and finally a
discussion of patterns and comparisons is presented. Since few females with job titles
were present in the census data, males are the focus in the Hamann-Todd collection. The
data for females is presented, but should not be viewed as complete data due to the small
sample size of six. Again, a p-value of <.10 was considered significant in this study.

Proximal Femur Angle Results

Angle Means by Sample

As may be seen in Table 3, there was extensive variation in the proximal femur
angle values between the two samples under study; however, none of the population-level
differences were significant. The possible explanations for differences are discussed in
later sections in this chapter, but as will be seen, the values here are very much within the
ranges reported in the literature.

Table 3 Proximal Femur Angle Means in Degrees by Sample.

Sample FNV BA NSA
Hamann-Todd | 11.51+/17.05 9.36+/-2.27 131.23+/-7.05
Schroeder 16.26+/-5.31 10.08+/-2.34 | 137.17+/-6.23




A lower FNV mean was expected for Schroeder Mounds, as | assumed physical
behaviors such as sitting on the ground versus on a chair would increase lateral rotation
of the femur; this would pull the shaft outward while the head of the femur and therefore
the neck would be more limited by its position in the acetabulum. This would result in the
head and neck being rotated more anteriorly and result in a smaller FNV value. In
contrast, Hamann-Todd had a higher FNV mean compared to data reported by many
authors, including Kingsley and Olmsted (1948), who found a mean of 8.02 degrees, and
Kate et al. (1976). However, it was similar to an Indian population, which showed a
population mean of 12.4 degrees (Zalawadia et al. 2005). Schroeder Mounds had a
similar population-level mean for FNV compared to the Indian samples studied by
Khamanarong et al. (2014), who found a mean of 16.21+/-5.24 degrees and Korukonda et
al. (2017), who reported a population mean of 17.8+/-7.7 degrees.

In contrast, bicondylar angles were expected to be similar between the two sample
populations. For both groups, bicondylar angle was within normal range reported by
Shefelbine et al. (2002), which states for modern humans the bicondylar angle is 8-11
degrees. Mean BA values reported by Kharbuja et al. (2018) were 8.65+/-2.03 degrees
and 9.35+/-2.05 degrees in a population from Kathmandu. The result of 9.35+/-2.05 is
almost exactly that of the Hamann-Todd population. While Schroeder Mounds seems to
have a slightly higher BA comparatively, it is still within normal range present in the
literature.

NSA was expected to be higher in the Hamann-Todd sample as they were
assumed to be more sedentary than the Schroeder Mounds people and the NSA has been
associated with sedentism in populations with a higher NSA. However, results showed
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that the NSA was much higher in the Schroeder Mounds group compared to Hamann-
Todd, but was similar to an NSA reported by Gilligan et al. (2013), who found in a group
from the Andaman Island a mean of 136.1+/-4.4. Hamann-Todd was closer to most
means reported by Gilligan et al. (2013), but was still higher than the European and North
American samples studied (Italy 127.7+/-4.3; Canada 124.2+/-4.3; USA 125.6+/-5.3).
Proximal Femur Angles by Side

Left and right proximal femur angle results are presented in Table 4. As may be
seen, each sample follows a different pattern by side. In the Hamann-Todd sample, the
right side has a higher mean in all three proximal femur angles. The Schroeder sample
followed this pattern only for FNV. BA and NSA were the opposite: the left side has a
higher mean. FNV differences were highly statistically significantly different between
Hamann-Todd and Schroeder (p=.0197 on left, p=.0005 on right), as seen in Table 5, as
well as NSA values (p=0.0005 on the left, p=0.0786 on the right), as seen in Table 6.
Bolded in each table are statistically significant p-values.

Table 4 FNV Angle Means and Standard Deviations in Degrees by Side.

Sample | FNV(L) [FNV(R)] BA(L) | BA(R) | NSA(L) | NSA(R)
Hamann- 10.87 12.17 8.47 10.25 129.46 133.01
Todd +/-758 | +/-6.45 | +-1.96 | +/-2.23 +/-6.80 +/-7.00

14.95 1740 | 10.30 9.88 138.61 135.79
Schroeder | +/-4.85 | +/-5.53 | +/-2.46 | +/-2.26 +/-6.72 +/-5.52
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Table 5 Student’s T-Test of FNV Angle Means in Degrees by Side.

Left FNV Right FNV
Hamann-Todd | Schroeder | Hamann-Todd | Schroeder
Mean 10.87 14.95 12.17 17.4
SD 7.58 4.85 6.45 5.53
SEM 0.9 1.03 0.78 1.11
N 22 71 25 69
P-value 0.0005 0.0197
Table 6 Student’s T-Test of NSA Means in Degrees by Side.
Left NSA Right NSA
Hamann-Todd | Schroeder | Hamann-Todd | Schroeder
Mean 129.46 138.61 133.01 135.79
SD 6.8 6.72 6.9 5.52
SEM 0.82 1.4 0.84 1.13
N 23 69 24 68
P-value 0.0001 0.0786

Each group was expected to show a side difference as the literature (e.g., Gilligan

et al. 2013; Sharma et al. 2014; Khamanarong et al. 2017; Korukonda et al. 2017)

routinely reports asymmetries for all angles explored in this study. However, patterns of

side differences noted for FNV are inconsistent. Cibulka (2004, 550) states FNV is

“typically symmetrical from the left side to the right side.” Other studies have noted that

a difference between sides was present, but little more (Kingsley and Olmsted 1948;

Yoshioka et al. 1987; Zalawadia et al. 2005; Khamanarong et al.2017). Still other

publications (Hoaglund et al. 2005, as cited in Jain et al. 2005; Jain et al. 2005) do not

even address population means by side.

Unfortunately no clear explanations for side differences in the FNV have

emerged. Animal studies showed “uneven forces” from lateral and medial rotation of the
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hind limbs produced changes in FNV (Cibulka 2004, 551). FNV decreased with lateral
rotation and increased with medial rotation. Sitting and sleeping positions where habitual
rotation, either medial or lateral, also could change FNV angles and possibly result in
side differences with differential rotation of each leg. Again, however, it is not evident if
there are any consistent effects on the patterns to be seen here. There are inconsistencies
as to which side is higher in each of the angle measurements, discussed further below.

In a large study of NSA expression in 8271 femora from 101 sample groups from
around the world, Gilligan et al. (2013) noted a small but statistically significant
difference of 1.3 degrees between sides (Gilligan et al. 2013, 144). The left side was
higher in 52 of the 62 groups within the larger sample. Observations of paired femora
(n=4592) showed a median difference of 1 degree, with the left side presenting as higher
in 55% of the pairs, the right side higher in 34%, and right and left equal in the remaining
11%. The Hamann-Todd sample agreed with this pattern, but Schroeder Mounds aligned
with the smaller portion paired femora in Gilligan and colleagues’ (2013) investigation.
The results in both Gilligan et al. and my study at the very least support a large trend
towards asymmetry. The left side appears to trend higher than the right, but it is not a
strongly consistent pattern.

In two separate studies, BA was found to be higher on the left than the right side
(Pearson and Bell 1919, as cited in Sharma et al. 2014; Sharma et al. 2014). Data for BA
from the Schroeder Mounds sample matched this identified pattern, but Hamann-Todd
did not. Unfortunately Pearson and Bell (1919) did not speculate the reason for this

tendency in Indian individuals from the Madhya Pradesh region.
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Side differences will continue to be discussed in the presentation of findings for
femoral angles by sex, age, and activity level to see whether any additional patterns
emerge.

Proximal Femur Angle Results by Sex

Table 7 and Table 8 show proximal femur angle results that are utilized in this
section to discuss sex differences. The two tables present similar information, but
differently organized, in order to make comparisons clearer. Table 5 compares males and
females within their respective samples. Table 6 examines differences between samples
for males and females. Females were expected to have higher for all angles, likely due to
pelvis morphology differences (Gulan et al. 2000; Purcell 2013), but this was not
consistently seen. Comparison of the two samples showed different patterns for FNV by
sex. Females in the Hamann-Todd sample followed the expected pattern of a higher FNV
value. However, unexpectedly the females of Schroeder had a lower FNV than the males.

Table 7 Proximal Femur Angle Means in Degrees and Differences by Sample.

Hamann-Todd Schroeder Mounds

'(Ag?é]ek; Male Female Difference Male Female Difference
FNV (L) 10.69 12.83 2.14 15.11 14.21 0.90
FNV (R) 12.11 12.83 0.72 18.00 16.63 1.37
BA (L) 8.42 9.00 0.58 9.44 11.00 1.56
BA (R) 10.25 10.17 0.08 8.90 10.69 1.79
NSA (L) 129.21 132.17 2.96 137.22 139.67 2.45
NSA (R) 132.85 134.67 1.82 135.22 136.25 1.03
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Table 8 Proximal Femur Angle Means in Degrees) and Differences by Sex.

2?35 Males Females
H.-T. | Schroeder | Difference | H.-T. | Schroeder | Difference
FNV (L) 10.69 15.11 4.42 12.83 14.21 1.38
FNV (R) 12.11 18.00 5.89 12.83 16.63 3.80
BA (L) 8.42 9.44 1.02 9.00 11.00 2.00
BA (R) 10.25 8.90 1.35 10.17 10.69 0.52
NSA (L) | 129.21 137.22 8.01 132.17 139.67 7.50
NSA (R) | 132.85 135.22 2.37 134.67 136.25 1.58

Patterns of FNV between sexes consistently report that females had higher values
(Kingsley and Olmsted 1948; Naga et al. 2000; Korukonda et al. 2014, 465; Zalawadia et
al. 2014). Patterns at Schroeder Mounds were comparable to findings in Khamanarong et
al. (2014) which showed females had a higher FNV angle. The same trend was seen in
the Indian population analyzed by Korukonda et al. (2017) in which females had a mean
FNV value 4.5 degrees larger as compared to males; the difference was statistically
significant on the right side, but not on the left side (Korukonda et al. 2017, Table 3).
This difference was much larger than any differences in the means of either sex from
either of the sample groups, but no explanation for this unusual finding was offered.
Males in the South Indian population had an overall mean of 16.8 degrees (left mean 20
degrees, right mean 13 degrees). Females had a much larger angle on the right side (19.4
degrees) and slightly higher on the left side (22.3 degrees).

Certain authors (Gulan et al. 2000; Purcell 2013) have noted a wider pelvic girdle
in females may play a key factor in their generally larger FNV angles. Korukonda et al.
(2017) do not speculate why there was a sex difference other than the fact that the female

sample size in their study was smaller (22 females vs. 48 males), but it is unclear how
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this might have affected results in any way and is thus still considered a viable
comparison.

Bicondylar angle by sexes in Table 8 shows Hamann-Todd means either equal or
with females having a slightly larger value. Bicondylar angle had a lightly larger
difference between males and females in the Schroeder Mounds sample with females
again generally having greater values. This pattern was seen by Purcell (2013) who found
females had statistically significantly larger BA measurements in a modern white
American sample. One explanation offered for larger angles in females relates to their
broader pelvic girdles, which result in a larger biacetabular breadth (Gulan et al. 2000).
The female pelvis requires the head of the femur to sit in the acetabulum differently than
males in order to maintain the center of gravity required for comfortable bipedal
locomation, resulting in a higher BA (Gulan et al. 2000; Purcell 2013). However,
Waxenbaum and Stock (2016) found that the degree of difference between sexes in
bicondylar angle was inconsistently statistically significant by sex in all populations
observed (Terry collection whites and blacks, archaeological South Dakota Arikara, and
Native Alaskans). They suggest levels of sexual dimorphism in the pelvic girdle are not
universally statistically significant (Waxenbaum and Stock 2016).

For NSA values, overall Hamann-Todd and Schroeder Mounds females had a
higher NSA mean compared to males (Table 7). In addition, NSA followed a similar
pattern for sex differences within samples by side. There was a larger difference between
sexes on the left side, with the right side having a difference over one degree less on the
right. Comparing the same sexes from the two samples showed a very large difference
between the left sides, but much less of a difference on the right for both males and
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females. In Gilligan et al. (2011), a combined total sample of 3348 femora showed no sex
differences for the angle as males and females both had a mean of 125.5 degrees
(Gilligan et al. 2011, 144). Of the 20 individual populations within the larger sample
which met criteria set by Gilligan and colleagues (N>5 femora for males or females),
nine showed females had a slightly higher NSA; however, 11 of the 20 showed males had
a higher NSA. Three of the 20 groups showed differences of less than 0.5 degrees
(Gilligan et al. 2011, 144). In a Chinese Han population, males had only a slightly larger
mean (0.26 degrees), which was not significant (Gilligan et al. 2011). Overall, a broader
pelvis in females is not supported as a reason for NSA differences, as they do not tend to
have a larger NSA than males in most groups in the literature with no statistically
significant differences (Gilligan et al. 2011; Jiang et al. 2015).
Proximal Femur Angle Results by Age

Table 9 shows the mean angles by age in each sample population. In the Hamann-
Todd population, FNV rose slightly over time. In the Schroeder Mounds group, it rose
slightly from young adulthood to middle adulthood, but went back down to nearly young
adult means again in the older adult group. In the Hamann-Todd population, BA hardly
changed between the age groups. In the Schroeder Mounds group, it also stayed relatively
the same with a slight decrease from young adult to older adult. NSA showed the most
change across age groups in both samples, but in different ways. NSA decreased by 1.3
degrees from young adult to older adult. A much more dramatic and opposite pattern was
found in the Schroeder group. Between the young adult and older adult subsamples, NSA

increased by 9.52 degrees. This is an anomaly which cannot be explained by the present
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available literature. Other trends in the data by age are explored in the following two

tables.

Table 9 Proximal Femur Angle Means in Degrees by Age Group.

Age Group Sample FNV BA NSA
Young Adult Hamann-Todd 10.16+/-6.11 9.08+/-2.38 132.28+/-8.37
Schroeder 15.51+/-5.42 10.06+/-2.59 132.04+/-4.79
. Hamann-Todd | 11.69+/-6.45 9.47+/-2.03 130.96+/-6.07
Middle Adult =g\ eder | 16.47+/-6.60 | 9.94+/-3.05 | 13550+/-7.84
old Adult Hamann-Todd 11.74+/-7.88 9.39+/-2.47 130.98+/-7.39
Schroeder 15.33+/-3.43 9.22+/-1.39 141.56+/-4.44

Tables 10 and Table 11 show proximal angle values in the Hamann-Todd and

Schroeder Mounds by age.

Table 10 Male Femoral Angle Means in Degrees by Side by Age Group.

G’i‘gsp Sample | FNV (L) | FNV (R) | BA(L) | BA(R) | NSA (L) | NSA (R)
Hamann- | 10.52 12.11 841 | 1026 | 129.15 | 132.89

All Ages | T0dd +-758 | +-6.38 | +/-2.00 | +/-2.21 | +/-6.39 | +/-6.80
Schroeder | 1511 18.00 9.44 800 | 137.22 | 13522

+-459 | +/-7.6 | +/-2.96 | +/-2.28 | +/-8.45 | +/-7.43

Hamann- | 9.20 12.00 8.50 918 | 13090 | 13273
Young | Todd +-751 | +-4.46 | +/-2.80 | +/-2.18 | +/-8.79 | +/-6.29
Adult [ | 16.00 21.00 9.00 9.00 | 13550 | 132.00
+/-2.83 +/-458 | +/-1.41 | +/-1.73 +/-4.95 +/-3.46

Hamann- | 11.76 11.92 830 | 10.46 | 12954 | 132.78
Middle | Todd +/-7.37 +/-5.75 | +/-1.33 | +/-2.06 +/-5.85 +/-6.10
Adult [ | 16.00 1760 | 10.00 | 820 | 13460 | 134.25
+/-5.43 | +/-9.40 | +/-4.00 | +/-2.86 | +/-9.29 | +/-9.71

Hamann- | 9.89 1235 | 11.00 | 1052 | 12818 | 133.04

Old | Todd +-791 | +-740 | +/-218 | +/-2.30 | +/-5.95 | +-7.71
Adult o | 1200 14.50 850 | 1050 | 14550 | 142.00
+-424 | +-071 | +/-071| +/071 | +-495 | +/-2.83
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Table 11 Female Femoral Angle Means in Degrees by Side by Age Group.

GArgﬁp Sample | FNV (L) | FNV (R) | BA (L) | BA (R) | NSA (L) I\(IFSQ')A
Hamann- | 12.83 12.83 | 900 | 1017 | 13217 | 134.67

All Todd +/-7.96 +/-7.81 | +/-1.55 | +/-2.64 | +/-10.68 | +/-8.33

Ages 14.21 16.25 | 11.00 | 10.69 | 139.67 | 136.25

Schroeder | /519 | +/-447 | +/-1.99 | +/-2.07 | +/-550 | +-4.27

Hamann- 16.00 12.00 10.00 11.00 119.00 | 128.00
Young | Todd +/-8.49 +/-5.66 | +/-1.41 | +/-0.71 | +/-21.21 | +/-9.90
Adult 16.83 16.63 11.29 10.25 139.43 | 135.25

Schroeder | o9 | 4442 | +/-1.51 | 4/-2.19 | +-427 | +-4.33
Hamann- | 8.00 8.00 12'/(_)0 12.00 | 126.00 | 128.00
Middle | Todd H-NAR | +ENSA® | T | HENAK | HENAR | HNAR
Adult Sehroeder | 1180 1750 | 11.60 | 1150 | 138.20 | 136.75
+/-538 | +/-551 | +/-1.71 | +/-3.00 | +/-7.93 | +/-6.43

Hamann- | 12.33 15.00 867 | 867 | 133.00 | 136.67

old | Todd +/-10.02 | +/-10.82 | +/-2.08 | +/-321 | +/-6.08 | +/-9.81
Adult 16.50 17.33 750 | 10.00 | 143.00 | 137.67

Schroeder

+/-4.24 +/-4.04 | 4/-0.71 | +/-1.00 | +/-5.66 | +/-2.52

*Only one female in the middle adult age group in Hamann-Todd. SD therefore cannot be calculated.

FNV did not show any clear patterns by age in either sample by sex. Bicondylar
angle increased from young adult to older adults in males from the Hamann-Todd
sample, but decreased slightly over time in females. NSA seemed to increase greatly
from young adulthood to older adulthood in males from the Hamann-Todd sample. There
is a difference of ca. 10 degrees on both sides between the two age groups. A similar
trend was seen in NSA of females from the Hamann-Todd group, with smaller
differences. Thus, no consistent patterns presented themselves in the male or female
groups for differences in correlations among angles by age, except that the Hamann-Todd
sample shows smaller angle measurement in nearly every age group for nearly every

angle by side as compared to Schroeder Mounds.
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The relationship between age and proximal femoral angles is not explored often in
the literature, but Yin et al. (2017) did find that NSA was negatively correlated with age.
In contrast, Litrenta and Domb (2018, 1) found no statistically significant differences by
age in a varied population based on the American Hip Institute Hip Preservation Registry.
However, Yin et al. (2017) found it was statistically correlated with age, although they
state their study could be biased based on the fact that all of the patients exhibited
symptoms possibly related to labral tears caused by the morphology of the proximal
femur (Yin et al. 2017). However, most explanations for the effects of age on the femoral
angles focus only on early developmental mechanisms.

The NSA increased as age increased in this study, which was opposite of findings
by Jiang et al. (2015) who found those under 60 years of age had a statistically
significantly higher neck-shaft angle in 466 living Chinese Han individuals. They
speculated that bone mineral density may play a key factor in this difference. Bone
mineral density decreases with age, leading to the bone gradually losing rigidity (Jiang et
al. 2015) and “failing” under normal pressures placed on the hip, such as ambulatory
behaviors and an increased weight. While this study used different observation methods
(CT scans on live patients) than the present study, meaning the values cannot be
compared directly, it is important to note that both samples presented in my research
exhibited the opposite trend. In addition, Yin et al. (2017) found NSA was negatively
correlated to age in Asian adult patients based on CT scans. They suggested NSA
changes over time due to shifts in overall bone composition due to factors such as

osteoporosis, endosteal resorption, and medullary expansion with aging.
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No other studies other than the present one appears to have investigated whether
bicondylar angle values change in adulthood. Instead, the literature on bicondylar angle
seems to focus on bipedal locomotion and sexual dimorphism (Tardieu 1994; Shefelbine
et al. 2002; Waxenbaum and Stock 2016).

Correlations Between Proximal Femoral Angles

Table 12 shows angle correlation values by sex to test for relationships between
pairs of the various permutations of angle variables (each combination of angle
measurement for each sex). Again, those correlations that show a strong relationship (+/-
.70) are bolded; two other values that were extremely close to meeting the criterion are
also bolded and were considered in the overall pattern assessment. Overall, females
generally had stronger relationships present in the data, especially in the Hamann-Todd
sample. However, because no true pattern emerged in other samples by sex, it is likely
this is due to a small sample size of six.

The only moderate or strong relationships found were between left and right FNV
values for females and BA between left and right sides for males. It is worthwhile to note
the lack of similar correlation values for pairs of angles tested by side. For example,
Hamann-Todd males exhibited a correlation value of 0.80 for left FNV and BA,
considered a strong correlation, while the right side for FNV and BA only had a value of
0.23, a low correlation value (see Table 10). Thus, no clear patterns emerged, thereby
suggesting that the angles tend to operate independently of each other.

No other studies found investigated correlations between these angles.
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Table 12 Correlations between Proximal Femur Angles.

Angle (side) Hamann-Todd | Schroeder Mounds

Male | Female Male Female
FNV (L) * BA (L) 0.80* 0.05 0.62 -0.27
FNV (R) * BA (R) 0.23 -0.83 -0.12 -0.08
FNV (L) *FNV (R) | 0.52 0.79 0.63 0.78
BA (L) * BA (R) 0.17 -0.49 0.70 0.34
FNV (L) * NSA (L) | 0.05 0.79 -0.43 0.18
FNV (R) *NSA (R) | -0.12 0.94 0.54 0.29
BA (L) * NSA (L) -0.12 -0.39 -0.51 -0.25
BA (R) * NSA (R) -0.17 -0.68 0.15 -0.33
NSA (L) * NSA (R) 0.56 0.69 0.53 0.64

*Values exceeding 0.70 are bolded.

Occupation and Subsistence-Settlement Patterns

This study’s primary aim was to explore differences in activity levels and perhaps
specific activities such as squatting in order to establish a model by which to compare
with samples so as to offer more information on their labor differences and activity level
differences. Thus, I compared proximal femur angle values, presence/absence of Allen’s
fossa and Poirier’s facet, and the statistical difference between angles above/below the
mean and presence/absence of Allen’s fossa and Poirier’s facet in the two labor groups
from Hamann-Todd (light and heavy) to the precontact sample Schroeder Mounds.
Proximal Femur Angles by Occupation and Subsistence-Settlement

First, I calculated proximal femur angle means for the three groups invested in
this study (Hamann-Todd light labor, Hamann-Todd heavy labor, Schroeder Mounds
mortuary group) (Table 13). Then, I compared the angles in an unpaired Student’s t-test.
Results for the statistically significant angles are given in Table 14 (FNV) and Table 15

(NSA), where statistically significant p-values are bolded.
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Table 13 Proximal Femur Angle Means in Degrees by Activity Level.

Sample FNV (L) | FNV(R) | BA(L) | BA(R) | NSA(L) | NSA (R)
Hamann-Todd 9.87 11.61 8.77 10.07 129.77 132.13
Light Labor +/-7.80 +/-6.19 | +/-1.99 | +/-2.16 | +/-7.15 +/-6.13
Hamann-Todd 11.44 12.59 8.09 10.42 128.67 133.53
Heavy Labor +/-7.42 +/-6.62 +/-1.97 | +/-2.28 | +/-5.67 +/-7.41
Schroeder 15.11 18.00 9.44 8.90 137.22 135.22
Mounds +/-4.59 +/-7.06 +/-2.96 | +/-2.28 | +/-8.45 +/-7.43

Table 14 Student’s T-test of Side Differences in FNV Means in Degrees by Activity Level
Between Samples.

FNV (L FNV (R)
Hamipn-Todd Schroeder Hamann-Todd Schroeder
ight Heavy
Mean 10.35 14.95 11.81 17.4
SD 7.79 4.85 6.37 5.53
SEM 1.28 1.03 1.05 1.11
N 37 22 37 25
P-
value 0.0155 0.0007
Hamann-Todd Schroeder Hamann-Todd Schroeder
Heavy Heavy
Mean 11.44 14.95 12.59 17.4
SD 7.42 4.85 6.62 5.53
SEM 1.27 1.03 1.17 1.11
N 34 22 32 25
P-
value 0.0548 0.0051
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Table 15 Student’s T-test of Side Differences in NSA Means in Degrees by Activity Level
between Samples.

FNV (L) FNV (R)
Hamann-Todd Light | Schroeder | Hamann-Todd Heavy | Schroeder
Mean 130.03 138.61 132.65 135.79
SD 7.78 6.72 6.42 5.52
SEM 1.31 1.4 1.05 1.13
N 24 37 23 35
P-value 0.0001 0.0534
Hamann-Todd Heavy | Schroeder | Hamann-Todd Heavy | Schroeder
Mean 128.7 138.61 133.53 135.79
SD 5.67 6.72 7.41 5.52
SEM 0.99 1.4 131 1.13
N 24 32 23 33
P-value 0.0001 0.2148

As may be seen, Schroeder Mounds individuals differed extremely significantly

from both labor groups for FNV and NSA on at least one side, although not BA. As noted

previously, BA is thought to be more related to bipedalism than activity. Its inclusion in

this study was based on the curiosity of whether or not FNV and NSA had any effect on

BA. | believe between the lack of statistical significance here and the lack of a pattern of

strong correlations with the other two angles (see Table 12) suggests that previous

conclusions that BA is most heavily reliant on bipedalism for development is supported.

The fact FNV and NSA were statistically significantly different in the Schroeder Mounds

group from both labor groups is promising as these two angles have been found by others

to possibly be linked to activity and behavior differences. This idea will be explored

further in Ch. 6: Discussion, but will be discussed briefly here looking further at side,

sex, and activity level differences for other variables.
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Behavioral activities were noted to play a part in variable forces applied to the hip
in Indian populations for FNV (Korukonda et al. 2017, 177-178). Of the three sample
groups in this study, Schroeder Mounds had the highest FNV measurements, which were
similar to those reported by Korukonda et al. (2017), which was 17.80 +/-7.7. In Western
populations reported by Dunlap et al. (1953) as well as Kingsley and Olmsted (1948),
researchers found FNV values of 8.70 and 8.02 degrees respectively, both of which are
lower than those found in the Western population from Cleveland, Ohio in the Hamann-
Todd collection. The authors did not specify the background of their study samples;
however as Dunlap et al. (1953) utilized X-rays to achieve their results, their study
sample was fairly contemporaneous with the Hamann-Todd cadaveric individuals
collected between 1912 and 1938. However, this study utilized the Kingsley-Olmsted
method for measuring dry femora and it is thus not entirely comparable by methodology.
Nonetheless, the results do follow expectations given presumed activity levels of the
groups under comparison.

As Korukonda et al. (2017, 177-178) state, “Since Indians are quite often habitual
squatters, they tend to externally rotate the hips and use them in extreme range of
motion.” Frequent squatting has been observed by other researchers as well (Jain et al.
2003; Zalawadia et al. 2010). Debnath et al. (2016) found an even higher population
average for FNV in a Bengali sample (20.05 +/-5.72). They attribute this to different
“ground level” activities like squatting, eating, cooking, and cleaning as compared to
activities practiced by other populations (Debnath et al. 2016, 3). All other samples which
utilized the Kingsley-Olmsted method were Indian populations (Jain et al. 2003;
Zalawadia et al. 2010; Srimathi et al. 2012; Badjatiya et al. 2014). This could suggest the
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Bengali individuals participated in these ground level activities at greater frequencies
compared to Schroeder Mounds individuals, who have also been suggested to have
participated in many ground-level activities such as kneeling and squatting based on the
numerous facets indicating such activities (Woollen and Smith 2017; Smith and Woollen
2020).

However, there are contrary studies to this presumed explanation for variation in
the expression of FNV. Yadav et al. (2021) noted that when force was applied in an equal
or greater amount laterally compared to posteriorly, FNV was reduced compared to the
opposite model forces. More lateral than posterior hip contact force takes place in basic
activities such as walking, going up and down stairs, jumping, and running (Yadav et al.
2021). Both groups would presumably have been participating in normal walking
behavior, with Schroeder participating more in behaviors like jumping and running
compared to Hamann-Todd. The data here thus does not support findings and conclusions
by Yadav et al. (2021).

Schroeder Mounds had the highest range in NSA compared to both labor groups
in Hamann-Todd, while the labor groups differed by 1.40 degrees. Child and Cowgill
(2017) state that people with a similar gait and ambulatory behaviors have similar NSA
values regardless of body proportions, which may account for the more limited range of
values among the Hamann-Todd individuals for this angle. Thus, it may be that
Schroeder Mounds individuals were participating in activities that the people of Hamann-
Todd, regardless of labor group, were also participating in, or were participating in more
frequently, but this is speculation. Anderson and Trinkaus (2017) found a significant
increase in the means of more sedentary populations. As such, Schroeder Mounds may
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have been fairly sedentary. They also suggest habitual activities during the development
of the proximal femur in childhood lead to differences seen in adult populations
(Anderson and Trinkaus 2017). Both speculations could have led to the significant
difference between both labor groups compared to Schroeder Mounds
Activity Marker Results

Chi-square tests were performed to analyze for statistical differences in any
patterns between frequencies of activity markers and the occupation groups. First, |
examined the basic patterns of activity markers to determine if Allen’s fossa and Poirier’s
facets are linked to specific behavioral differences related to biomechanics of the hip
joint, which might include squatting and walking/running over rough terrain. Table 12
shows the results by sample group, counting all femora that presented with each activity
marker. Both Allen’s fossa and Poirier’s facet appear bilaterally in most individuals.
Allen’s fossa was present at a much higher frequency in Hamann-Todd females
compared to males, but is nearly equal in frequency to males and females in the
Schroeder Mounds sample. Allen’s fossa is similar in frequency in both labor groups, but
Schroeder Mounds has a much lower frequency. Poirier’s is present in nearly equal
frequencies in the labor groups, but is higher in frequency in the Schroeder Mounds
sample comparatively. As shown in Table 16, Allen’s fossa occurs in a slightly higher
frequency than in Schroeder Mounds. Poirier’s facet occurs at nearly double the rate in

the Schroeder Mounds sample.

65



Table 16 Proximal Femur Facet Frequencies by Sample.

Sample Allen's Fossa Freq. Poirier's Facet | Freq.
Hamann-Todd 95 0.66 45 0.31
Schroeder Mounds 24 0.50 28 0.58

Table 17 shows activity markers by sex in each sample. Hamann-Todd males and
Schroeder males had a similar frequency of Allen’s fossa, while Hamann-Todd females
and Schroeder females had a similar frequency of Poirier’s facet. Sample comparisons
and further sex comparisons are made throughout this section.

Table 17 Proximal Femur Facet Frequencies by Sex by Sample.

Sample Allen's Fossa Freq. | Poirier's Facet | Freq.
Hamann-Todd Males 85 0.59 39 0.27
Hamann-Todd Females 10 0.83 6 0.50
Schroeder Males 10 0.56 12 0.67
Schroeder Females 14 0.47 16 0.53

Sex differences have been observed in other populations, but are inconsistent as to
statistical significance. In the Liushui cemetery nomads, there was a statistically
significant sex difference compared to a statistically insignificant difference between
males and females in the Neijangyuan cemetery sedentary agriculturalists (Nie et al.
2014). In the study by Lawrence et al. (2018), a total of 6% of individuals from two
populations of the same ancestry presented with Poirier’s facet, all males. Males may
have thus been participating in activities females did not, as found in a similar study by
the same author (Lawrence 2017) looking at only one of the two populations from
Lawrence et al. (2018). Sex differences varied in statistical significance among the two

groups in Lawrence et al. (2018), suggesting they in magnitude between populations,

66



possibly due to behavioral activities or other variables. They suggest one difference is the
intensity of agricultural activity in the sample with higher prevalence of Poirier’s facet
(Lawrence et al. 2018).

Activities and economic systems have been explored as explanations for variable
frequencies of Allen’s fossa. Nie et al. (2014) investigated their presence in a suspected
nomadic population and a suspected sedentary agriculturalist population from China and
found that there was a statistically significant difference, with the nomadic population
presenting with much higher frequencies. Nie et al. (2014) suggest horse-riding was the
habitual activity which led to the difference in activity patterns. However, Berthon (2019)
found similar frequencies (0.16 and 0.13) of Allen’s fossa when comparing two
Hungarian groups, one with evidence of horseback riding and one that lacked evidence of
horseback riding. Both Hamann-Todd and Schroeder had a more frequent occurrence of
Allen’s fossa compared to those reported by Berthon (2019).

In terms of bilaterality of expression, Allen’s fossa seems to occur slightly
asymmetrically in the current study as well as in other studies as well. Ghosh et al. (2014)
found a slightly higher predisposition for Allen’s fossa on the right side of dried femora
from the Osteology Museum of the Department of Anatomy, Maulana Azad Medical
College, New Delhi, India. Rates were 68.6% (n=52) of the left femora and 73.7% (n=56)
on the right. Sheridan (2020) found that among the 38% individuals in a monastery
repository from the Byzantine period who exhibited with Allen’s fossa, there were no
statistically significant differences in left and right presentation. Thus, the current

samples were typical in expression of the facets in this regard.
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Frequencies by sex were also explored. The frequency of the presence of Allen’s
fossa on at least one side in Schroeder Mounds males was 0.45, while the female
frequency was only slightly larger at 0.50. Hamann-Todd females had a much larger
frequency of Allen’s fossa compared to Schroeder. Nie et al. (2014) found males had a
statistically higher frequency than females in their nomadic sample. However, there was
no statistically significant difference between the sexes in the sedentary agricultural
group (Nie et al. 2014). The author does not suggest a reason for these differences.

Due to the low frequency of the trait overall, no comparisons were made in terms
of age groups within or between the sample groups in the present study. However, the
presence of Allen’s fossa seems to decrease with age according to Angel (1964) and Radi
et al. (2013). Radi et al. (2013, Table 5) found a statistically significant decrease in the
frequencies of Allen’s fossa from young adults to older adults, although they do not
suggest an explanation for this. In addition, Blom (2005, 159) found Allen’s fossa was
highly correlated with age (phi=0.414, def=3, p<0.001) in an Andean population, but did
not state how they were correlated (i.e., if they decreased or increased with age). These
findings could be playing a part in the results of Allen’s fossa frequencies in the Hamann-
Todd sample as 45.95% of the sample were older adults. Only five (18.52%) of the
Schroeder Mounds individuals were older adults.

Poirier’s facet was investigated for comparisons between the light labor group,
heavy labor group, and Schroeder Mounds. The labor groups had similar frequencies of
Poirier’s facet, while Schroeder had higher frequencies compared to both groups.
Presence of the facet has been associated with particular activities in other studies.
Lawrence (2017, 11) states Poirier’s facet develops when the neck of the femur abuts
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with the acetabular rim, such as sitting cross-legged or during horseback riding. They
may also arise from genuflexion such as during kneeling (Sheridan 2020). Lawrence et
al. (2018) suggests a combination of Poirier’s facet, plaque, and femoroacetabular
impingement differences between two Early Christian Period cemetery groups as
possibly due to intense activities related to agriculture in the group that presented with a
higher frequency of Poirier’s facet. Nie et al. (2014) found the facet was statistically
significantly higher in frequency in the nomadic group. This suggests differences
between the labor groups and Schroeder is unrelated to overall activity levels, but is
perhaps related to differences in specific activities. One of these differences may be
sitting or postural differences derived from sitting behaviors, as the people of the
Hamann-Todd collection were likely utilizing chairs in their daily lives, while the people
of Schroeder were utilizing more ground-level objects on which to sit.

In all my samples, Poirier’s facet mostly presented as bilateral, but this is not a
pattern consistently seen in other populations. Poirier’s facet was bilateral in only two of
the eight individuals from an Early Christian Period population from Kulubnarti, Nubia
(A.D. 550-800) (Lawrence et al. 2018). However, while Buhler and Kirchengast (2022)
did not calculate statistics in their study, it appears that Poirier’s facet is mostly bilateral
in both sexes in the Avar population from early medieval Europe. Presence of Poirier’s
facet seems to be only slightly higher on the left side (Buhler and Kirchengast 2022).
Asymmetrical occurrence of Poirier’s facet is thus common, and is not unique of either
the Hamann-Todd and Schroeder Mounds collections.

Frequencies of Porier’s facet by age were calculated for each labor group (Table
18). Among the light labor group, they decreased greatly from young adult to middle
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adult, then increased from middle adulthood to older adulthood. In the heavy labor group,
frequencies decreased from young adulthood to middle adulthood, then stayed relatively
the same from middle to older adults. Schroeder Mounds frequencies were much higher
overall, but followed a similar pattern to the heavy labor group; statistical analysis was
not conducted for any of my samples due to the low frequencies seen. In other
populations, Lawrence et al. (2018, 5), Lawrence (2017, 14), and Buhler and Kirchengast
(2022) found Poirier’s facet was not associated with age. Lawrence (2017) then suggests
Poirier’s is not a degenerative trait. This means investigating Poirier’s in association with
age groups could show generational changes in activity types, as it is associated not with
natural aging. This is outside the scope of this study, but may deserve more attention in
future studies.

Table 18 Proximal Femur Facet Frequencies by Age and Activity Level.

Sé‘;gﬂ:;‘ Age Group | Allen’s Fossa Freq. P?:';::Z: S Freq.
Hamann- YA 14 0.70 12 0.60
Todd MA 19 0.79 3 0.13
Light Labor OA 20 0.57 10 0.30
Hamann- YA 2 0.33 4 0.67
Todd MA 14 0.47 7 0.23
Heavy Labor OA 26 0.81 9 0.28
Schroeder YA 13 0.59 17 0.77
Mounds MA 11 0.69 7 0.44
OA 0 0.00 4 0.40

Next, | explored differences between the proximal femur angles and presence or
absence of activity markers among the labor groups and Schroeder using a Chi-square
test. In order to do so, | determined how many individuals had an angle above or below
the mean in addition to presence or absence of the given activity marker (Tables 19 and

Table 20). In the only significant finding, Allen’s fossa was found to be statistically
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related to bicondylar angle in the light labor group. Statistically significant p-values were
mainly in the bicondylar angle groups, with NSA being statistically significant only in the
Schroeder Mounds group for NSA and Allen’s fossa. Most likely these isolated
associations are not indicative of a meaningful relationship between the variables
involved.

Table 19 Chi-Square Testing of Presence/Absence of Allen’s Fossa with Angle Values
Above and Below Mean.

FNV | p-value | BA | p-value| NSA p-value
Hamann-Todd :
Light Labor N.S 0.65 Sig. 0.02 N.S. 0.5
Hamann-Todd NS. | 054 | NS. | 089 | NS. | 045
Heavy Labor
Schroeder N.S. 0.84 N.S. 0.2 Sig. 0.002

Table 20 Chi-Square Testing of Presence/Absence of Allen’s Fossa with Angle VValues
Above and Below Mean.

FNV | p-value | BA p- NSA | p-value
value
Hamann-Todd
Light Labor N.S. 0.32 N.S. 0.68 N.S. 0.63
Hamann-Todd ]
Heavy Labor N.S. 0.49 Sig. 0.02 N.S. 0.62
Schroeder N.S. 0.29 Sig. 0.08 N.S. 0.92

Efficacy of Hamann-Todd as a Model

In order to answer research questions posed in this thesis, the Hamann-Todd
collection, especially with its individuals of known occupations, was used as a model to
explore the effects of activity on the proximal femur; the patterns seen would then be
used to compare with data from individuals recovered at Schroeder Mounds to establish
the level of activity and possibly add to the information of subsistence-settlement data for
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the site. However, the light labor and heavy labor groups of Hamann-Todd sample did
not show any statistically significant differences or even just consistent patterns in
expected directions for the means and/or frequencies of the proximal femur angles or
activity markers observed.

Only two significant findings appeared in the data when | investigated the
presence or absence of each activity marker to an angle above or below the mean for each
individual in each group (Table 15 and Table 16). BA and Allen’s fossa in the light labor
group were statistically significantly different, and BA and Poirier’s facet in the heavy
labor group were statistically significantly different. As there is no consistency except
that both are BA, it may be that each is an independent variable (activity marker and BA)
and can be explained by the coincidence of the presence of the activity markers, and the
fact that all people in the study were assumed to have a normal bipedal locomotor ability.
This contributes to the inconsistencies of the model and casts doubt on a true pattern of
labor intensity shown by the presence of these statistically significant results.

Several interpretations might be drawn from these findings. The inconsistencies in
my statistical values are possibly due to too many confounding factors unrelated to
physical labor also affecting the variables; these include childhood activity levels
(Anderson and Trinkaus 1998; Yadav et al. 2021), sleeping positions (Korukonda et al.
2017), habitual sitting postures (Korukonda et al. 2017), and habitual medial or lateral
positioning or repetitive motion of the hip (Korukonda et al. 2017; Yadav et al. 2021).
Thus, the proximal femur morphology is simply too complex to be an easily interpreted
indicator of activity. Activity levels fluctuate over time, with socioeconomic status
among populations, between cultures, and with individual preferences such as postural
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habits or sleeping positions; all of these factors can potentially have an effect on overall
population means. This results in variables unaccounted for within comparisons of
populational data, as | have done.

Other explanations might involve the research design used. One primary concern
could be the classification and then use of the high and low activity occupation in the
Hamann-Todd series. A variety of jobs was included in each of the two categories, and it
is possible that the distinction in level of activities was not sufficiently discrete. It is also
very possible that individuals switched jobs during the course of their lifetimes.
Unfortunately, only one job is listed on the census data per individual.

However, one clear pattern did emerge. The labor groups did not significantly
differ in their values for FNV and NSA, yet Schroeder Mounds significantly differed
from both labor groups for these variables. While the model did not necessarily work as
the labor groups did not show a statistically significant difference, this is still an
interesting and important point. Postural differences and other activity differences may
play a part in this difference. Unfortunately, given the present literature and the lack of
patterns in correlations in this study, there is little to draw on to link traits such as angle
of the femur to presence or absence of activity markers like Poirier’s facet and Allen’s
fossa. However, it is likely there is some relationship due to interpretations made by
Korukonda et al. (2017), Buhler and Kirchengast (2022), Lawrence et al. (2018), and
others who state activities play an important role in the morphology of the proximal
femur.

The goal of this study was to establish activity levels, and perhaps suggest
specific behaviors associated with the people of Schroeder Mounds. In order to do so, |
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attempted to create a model utilizing Hamann-Todd. While the model did not produce the
statistical differences | expected, | did find data to explore. While this data is not
consistent in suggesting activity levels for Schroeder, it is worth expounding on possible
causes of these inconsistencies. The inconsistencies of activity level data and subsistence

practices will be discussed further in the next chapter.
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CHAPTER VI — DISCUSSION AND CONCLUSIONS

This research had two primary goals. The first was to explore the patterns of
proximal femur morphology in two very distinct populations, one from the Schroeder
Mounds, a prehistoric Illinois, and one from the Hamann-Todd collection, a collection
from the early-to-mid 1900s U.S. The other goal was then to utilize the patterns seen in
the Hamann-Todd collection in order to investigate the intensity of subsistence labor
performed by the Schroeder Mounds people.

Discussion of Hypotheses and Study Results

It has been established that people with non-agricultural subsistence patterns did
not always participate in the high level of intense labor that was previously assumed of
all prehistoric peoples (Lee 1969; Sahlins 1972; Ogilvie and Hilton 2011; Sparacello et
al. 2011). Both Ogilvie and Hilton (2011) and Bridges et al. (2000) found that male and
female foragers had less humeral strength than farmers, with female farmers showing the
highest humeral loading stress. This change in upper arm bone strength was due to the
manual labor differences. Female farmers would have cleared, prepared, and maintained
crops, all of which are tasks requiring more strength over longer periods of time, as
compared to forager females who would have dug roots and tended to smaller crops
(Ogilvie and Hilton 2011). Male farmers compared to foragers saw a decrease in right
humeral strength, perhaps related to the transition from using an atlatl to using a bow and
arrow (Bridges et al. 2000).

Utilizing this same framework of comparison, | sought to investigate the activity
levels of the Schroeder Mounds population to assess their subsistence-settlement pattern
by collecting data on proximal femur angles (FNV, BA, and NSA) and two activity
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markers (Allen’s fossa and Poirier’s facet). As bicondylar angle has been shown to be
associated with bipedalism and was not statistically significantly related to FNV or NSA
values, | focus on the proximal femur angles of FNV and NSA in the following sections.
In addition, | consider patterns seen in Allen’s fossa and Poirier’s facet. Overall, this
chapter addresses contextualization of my findings, in the process assessing limitations of
my study, establishing future research, and expounding on my contributions to the
literature.

Hypotheses Tested

Four hypotheses were tested within this research. My first hypothesis was: A
higher frequency of Allen’s fossa and Poirier’s facet in the Schroeder Mounds group
compared to Hamann-Todd. My research showed very little difference between the two
groups for Allen’s fossa frequencies. However, Poirier’s facet showed a near double
frequency in the Schroeder Mounds group compared to Hamann-Todd. This could be
explained by behavioral differences such as squatting during rest or work that Hamann-
Todd individuals did not participate in, but Schroeder Mounds individuals did.

My second hypothesis was: FNV would be lower in the heavy labor group due to
mechanical stress on the femoral neck. My research did not find this hypothesis to be
supported. FNV was fairly close between the two labor groups. However, Schroeder
Mounds was statistically significantly different from both labor groups. Again, this could
be explained by behavioral differences between the two groups which affected proximal

femur morphology, resulting in FNV differences.
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My third hypothesis was: BA would be similar to each other between Hamann-
Todd and Schroeder Mounds. My research supported this finding. Each group fell within
normal reported ranges, showing BA was not affected by behavioral factors.

My fourth hypothesis was: NSA would be lower in the heavy labor group
compared to the light labor group; Schroeder Mounds would have an NSA mean similar
to the heavy labor group, but possibly lower. There were no statistically significant
differences between the labor groups. Additionally, my research found the exact opposite
of what was hypothesized for Schroeder Mounds.

My research did not support any of my hypotheses except that BA would be
similar in Schroeder and Hamann-Todd. While this may seem to suggest the proximal
femur would not be a good indicator of subsistence-settlement and postural behaviors, the
results did show differences, just not those expected.

Contextualizing the Data

This research has recently become timelier to assess given new findings that have
emerged concerning subsistence practices at Schroeder Mounds. Previous archaeological
evidence has suggested that the Schroeder Mounds individuals were agriculturalists with
more labor intensive activities based on skeletal data such as musculoskeletal markers of
the humerus, foot trauma, and rib osteoarthritis suggesting load carrying with tump lines
(Nicosia et al. 2016; Dobbins 2018; Smith and Woollen 2020; Keeling 2019); however,
other data suggested they were actually forager-horticulturalists, such as the lack of
tuberculosis, which is more often seen in Mississippianized groups with their higher
population densities (Mosher et al. 2013), dental health (Specht 1995); and lack of maize
in the stable isotope analysis conducted on the sample in 2020 (lllinois State
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Archaeological Survey 2019). However, the lack of tuberculosis does not necessarily
disqualify a population from partaking in maize agriculture (Buikstra and Cook 1978). As
Schroeder dates to the time in Illinois when maize was in the region, but not intensively
cultivated or eaten regularly (VanDerwarker et al. 2013), it is highly likely Schroeder was
indeed horticultural.

While my hypothesis was the Schroeder Mounds people would follow trends
established by the model created from Hamann-Todd, there was the possibility that the
Schroeder Mounds people would not align with either extreme of the model, but instead
fall outside the expected values established by the Hamann-Todd model. Schroeder
Mounds has been posited to be more sedentary than expected of a hinterland group due to
the abundance of available aquatic fauna (Kolb 1982; Mosher et al. 2013). Utilizing
Hamann-Todd as a model, I sought to explore these possibilities. Trends in the data such
as lower FNV in the heavy labor group to reflect a higher level of activity would then
create a comparable pattern to compare to Schroeder. Even if individuals at Schroeder
Mounds presented with lower values than the heavy labor group this would signal a
general trend of high activity and low FNV. However, the opposite was found. My
hypothesis that heavier load bearing would decrease FNV may not be as straight-forward
as | had assumed. Posturing behavior may then be a more likely explanation for the
differences between Hamann-Todd and Schroeder Mounds.

FNV in the Schroeder Mounds population was statistically significantly different
from both labor groups, but in the opposite direction anticipated, still suggesting activity
differences possibly hold the key to these differences. Data suggests squatting behaviors
may be at work in creating this high mean of FNV in the Schroeder Mounds population
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compared to Hamann-Todd (Jain et al. 2003; Zalawadia et al. 2010; Korukonda et al.
2017). This could explain the unexpected result and the significant difference between
the two populations. Hamann-Todd presumably did not have to squat to take a resting
position, but would have utilized chairs. As the adults of Schroeder Mounds were found
by Smith and Woollen (2020) to possess a high percentage (73%) of squatting facets on
the tibia and talus, my findings are supported. No statistically significant sex differences
were found by Smith and Woollen (2020), which was also seen in my data for FNV of
the two squatting markers (Allen’s fossa and Poirier’s facet) which also supports the idea
that few sex differences in physical behaviors existed in the cultural group of Schroeder
Mounds. Likewise, the statistical significance of Allen’s fossa and Poirier’s facet were
not significant by sex in the Hamann-Todd sample. All this suggests it is not the level of
intensity of activity influencing FNV, but the specific activities that may be associated
such as squatting or sitting on a chair rather than closer to the ground.

The other statistically significant differences were seen in values for NSA. They
were much higher than expected in the Schroeder Mounds group compared to the
Hamann-Todd population overall, which was also shown to be a statistically significant
difference. NSA was expected to be lower in the Schroeder Mounds group as they were
presumed to be more nomadic than the more sedentary Hamann-Todd group. Schroeder
Mounds was perhaps more sedentary than expected. A high level of sedentism was
suggested by the levels of treponemal disease (13.2%-15.1%) in the adult population
sampled (N=53) by Mosher et al. (2016), which is typically a condition seen in groups
with greater population density. While this does not explain the difference between
Schroeder Mounds and Hamann-Todd, this could be due in part to the possibility workers
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were moving around a lot during their jobs, walking over rough terrain, or traveling from
job to job. There was a slightly lower NSA mean in the heavy labor group. As suggested
by Gilligan et al. (2013) and Anderson and Trinkaus (2017), more sedentary groups tend
to have a higher NSA value. The possibly unstable nature of the heavy labor group
members’ jobs compared to the light labor group could explain this difference within the
Hamann-Todd sample, which would still make their behaviors similar to Schroeder
Mounds. Schroeder Mounds was still statistically significantly different from the heavy
labor group. This would further support the idea that specific activities are more to blame
than activity levels for these differences.
Study Limitations

An obviously limited number of studies in the literature, especially concerning
FNV and NSA, was a deciding factor in undertaking this project due to suggestions by
multiple authors within the limited literature that activity played an important role in
activity related to FNV (Khamanarong et al. 2014; Korukonda et al. 2017; Debnath et al.
2018) and NSA indicated settlement patterns and activity levels (Anderson and Trinkaus
1998; Gilligan et al. 2013). Additionally, a recent study conducted by Ausel and Cook
(2023) found statistically significant differences in FNV values between horticulturalists
(Late Woodland period) and agriculturalists (Mississippian period) in the Lower Illinois
River Valley. However, the small number of studies created a limitation in assessing the
context of my results. This led to a dearth of clear explanations for my results, especially
since there is a lack of research examining both proximal femur and activity marker data.

Thus, my study pioneered the possibility for this avenue of exploration.
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Sample size played a key factor in the overall limitations of my research. Only six
females were present in the Hamann-Todd group due to the limitations of the reported
census data, i.e., females did not have many reported jobs. If they did, they had jobs
related to light labor occupations such as secretarial work or teaching. Small sample size
was also an issue in Schroeder Mounds. Complete, or nearly complete, femora were
needed to take all measurements required for this study, and this was especially a
challenge with the population, despite the relatively high level of preservation. Fewer
than half of the more than 70 adults in the Schroeder Mounds mortuary group were able
to meet these criteria. Most issues arose from the outer cortical bone being damaged from
taphonomic processes in areas critical for the methods employed in this study.

Contributions of Research

This study sought to create a model to which values from populations of unknown
activity levels might be compared. Although the model did not work as intended, my
research showed that such a model might still work in future studies utilizing a larger
sample or different ancestry group, proximal femur angle and activity marker data is still
important to collect. FMV and NSA especially offer the possibility of showing how
activity and subsistence-settlement differences between populations.

This study contributes valuable data for hip replacements and femoral neck
reconstructive surgeries, as it is important to establish populational differences, especially
in FNV (Khamanarong et al. 2014; Debnath et al. 2016; Korukonda et al. 2017). In
addition, establishing normal ranges of values like FNV allows for clinical assessments
of abnormal values related to diseases (Debnath et al. 2016). Diseases such as Perthes
disease, cerebral palsy, and congenital deformities like genu vara and genu valga are

81



characterized by abnormal FNV of the proximal femur (Debnath et al. 2016). This
research contributes more data to this body of literature for a Native American ancestry
group and white American population.

Additionally, skeletal data on past populations, especially those lacking
archaeological data for interpretations such as Schroeder Mounds, is key to understanding
past people’s way of life. The lack of archacological data for Schroeder Mounds and the
surrounding area does not mean all is lost in the interpretation of past people in the area.
In fact, bioarchaeology has been shown to play a key role in contributing to contexts
where a lack of material culture could be seen as a detriment. While it is always helpful
to have material culture, a wide variety of information can be gathered without it, such as
my study with has contributed to a better understanding of postural differences between
more modern groups and pre-contact groups.

Recommended Future Studies

In future studies, femoroacetabular osteoarthritis could be recorded to explore the
relationship between proximal femur angles and osteoarthritis (Debnath et al. 2016). Not
merely its presence or absence should be recorded, but the position, the over size and
depth of the affected area. Effects of proximal angles of the femur and therefore the
relationship of the femoral head to the acetabulum have been suggested as a factor in the
development of hip arthritis in older adults (Debnath et al. 2016). Medical research on the
subject of proximal femur angles is most concerned with hip replacement surgeries and
femoroacetabular impingement. However, a focus on the development of osteoarthritis
and an individual’s proximal femur angles could help doctors with preventative care
measures for their patients. Additionally, bioarchaeologists could factor in the proximal
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femur morphology in studies related to data collection on osteoarthritis, as hip
osteoarthritis may be caused by an angle such as FNV and be unrelated to activities like
walking (Gulan et al. 2000), activity pattern differences between and among populations
(Khamanarong et al. 2013; Korukonda et al. 2017), body mass (Ejnisman et al. 2013),
and age (Cibulka 2004).

Other ancestries should also be considered in future studies of proximal femur
morphology. This study takes one step towards that goal. However, many populations are
left out of the literature. For example, people of African and Native American ancestry
were not often considered in the literature. People of all populations and ancestries all
over the world need hip replacements. Establishing more averages and performing
statistical analysis on more populations would give doctors more data to apply to patient
care.

Utilizing more historic groups like | did in this study could also help to establish a
better baseline for which to compare pre-contact populations. By establishing labor
groups like 1 did, they can be utilized as a model to compare change over time between
groups of people of similar ancestry. For example, more studies focusing on modern
Indian populations could help establish a model to compare prehistoric Indian
populations to explore labor division and load stresses on the body. Especially as the
methods employed in this study are non-destructive and easily executed, they are able to
be utilized on virtually any sample. More prehistoric analysis creates a better body of
literature by which to compare others, offering more data to assist in reconstructing past

narratives.
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Conclusions

This research attempted to create a model by which other populations could be
compared to establish activity levels. Expected patterns for FNV, BA, NSA, Allen’s
fossa, and Poirier’s facet were not identified in this study. However, the statistical
significance of FNV and NSA reveal they are possibly good indicators of subsistence-
settlement and postural practices. FNV and NSA are therefore worthy of exploration in
future studies as activity related markers. This study has also contributed comparative
data for future research concerning proximal femur angles and activity markers like
Allen’s fossa and Poirier’s facet. Future studies may be able to factor in more variables
and add more data for statistical analysis. In addition, this study shows how
bioarchaeology can assist in interpreting past lifeways by examining larger cultural trends

regionally, even when little to no material culture is available.
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