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ABSTRACT

This study examined indicators of male-female differences in the os Coxa, specifically in
the shape of the ilium and iliac crest for the purpose of skeletal sex estimation. The iliac crest is a
curved, or “S” shaped, epiphysis which extends along the cranial margin of the ilium, posteriorly
from the anterior superior iliac spine to the posterior superior iliac spine of the os Coxae. Forty
two metric variables characterizing the shape of the os Coxa and iliac crest were derived from a
digital database of 150 adult White human os Coxae, including 75 males and 75 females, from
the Hamann-Todd osteological collection at the Cleveland Museum of Natural History. The os
Coxae were all digitized using a MicroScribe-3DX digitizer, and the data was stored in an excel
spreadsheet, which facilitated further mathematical analysis to define and calculate all variables.
A single point of origin defined as the most superior point in the midline of the pubic symphysis,
was common to each variable. This study hypothesized that these variables will better define
variation in form, and that they will better characterize sexual dimorphism in the iliac crest. Thus
serve as an aid in sex estimation. Additionally, the qualitative observation of the sciatic notch
was compared to the quantitative observations.

Statistical analyses, including descriptive

statistics, univariate sectioning points, independent t-tests, and proportional analyses, were used
to test the potential application of the findings of this study to sex identification in osteological
investigation. The results of this research suggested that there were slight indications of sexual
dimorphism in several of the iliac blade dimensions along with the central chords of the iliac
crest and their associated angles. Despite indications of differences in the female and male form,
the measurements proved to be too variable, thus making accuracy and reliability unattainable.
Further investigations are required to better understand the presented findings.
vi
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CHAPTER 1
INTRODUCTION

In the field of biological anthropology, a significant portion of the research conducted is
focused on the study of morphological variation in the human skeleton. An understanding and
appreciation of human skeletal variation extends to research in both quantitative and qualitative
pursuits of physical variation. The proposed study addresses the issue of variation in the os
Coxae, more specifically, the shape of the ilium and iliac crest, and relates this difference to
females and males for the purpose of skeletal identification.
The ilium and iliac crest, the focus of this study, represents the lateral antero-posterior
blade of the pelvis, along with an epiphysis along the cranial margin of the ilium, extending
posteriorly from the anterior superior iliac spine to the posterior superior iliac spine of the os
Coxae (Tortora and Anagnostakos, 1990:199). Additionally, the iliac crest is characterized by its
“S” shaped curve (Mednick, 1955:204). The purpose of this research is to quantify the shape of
the ilium and iliac crest, documenting the presence and nature of any variation in the shape of the
crest between males and females. Should such differences be documented, they will lead to an
osteological assessment of sexual dimorphism in skeletal materials of prehistoric, historic
archaeological, and modern forensic complete and fragmentary os Coxae.
Sex estimation in past and present populations is vital for biological anthropologists
seeking a comprehensive skeletal analysis. To further sex estimation in biological anthropology,
this study hypothesizes that there are statistically significant differences between females and
males in the shape of the ilium and iliac crest reflective of the greater size generally assumed in
males and gynecological function in females. Theoretically, this should demonstrate significant
1

differences in all breadths, lengths, areas, chords, and angles. Such differences will be observed
if males are larger in the dimensions of the iliac breadth, with the posterior breadth having a
smaller proportion in relationship to the iliac breadth than the proportion of the anterior breadth
relative to the iliac breadth and subtense. Conversely, females should be larger in the dimensions
of the anterior and posterior lengths, the triangular areas, chords, and angles.

Should the

proposed differences not be observed the test presented here will have failed to reject the null
hypothesis that females and males are indistinguishable for dimensions of the ilium and iliac
crest.
To this end, the size and shape variation of the ilium and iliac crest was recorded for 150
adult os Coxae from the Hamann-Todd osteological collection, one of the largest North
American comparative skeletal collections, now housed at the Cleveland Museum of Natural
History in Cleveland, Ohio.

Past research using calipers and standard measurements was

replaced here by the application of a MicroScribe-3DX digitizer for the purpose of recording size
and shape dimensions. In addition to digitizing the iliac crest, qualitative observations of the
sciatic notch were also collected and compared to the quantitative measurements.
Studies suggest that female os Coxae exhibit a longer lower ilium than in males and that
qualitative observation of the sciatic notch and other traits are useful for sex estimation (Acasdi
and Nemeskéri 1970:83, table 11). Published data, such as Camacho et al. (1993), suggest that
the iliac crest has corresponding applications to sexual dimorphism. These studies are consistent
with the current studies of pelvic morphology. Such studies describe the female os Coxa as less
robust, exhibiting a relative absence or lesser expression of muscle markings. The female pelvis
has also been characterized as both broader and lower; whereas the male os Coxa is larger in size
with more extensive muscle markings, displaying a taller and relatively narrow appearance
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(Krogman, 1955:A36, table 10; Acasdi and Nemeskéri 1970:83, table 11; Krogman and İşcan,
1986:209, table 6.11; France, 1998:164). In this study, the os Coxa is partitioned into seventeen
metric chords. These chords along the iliac crest should also support sexual dimorphism by
being, overall, shorter in the male specimens, with the middle chords being significantly shorter.
The shorter chords of the male specimens would emphasize the relatively taller and narrow, “S”,
shape of male os Coxae. Confirmation of this hypothesis would mean that the metric analysis of
dimensions of the ilium and the iliac crest would support males and females to be statistically
distinguishable.
Finally, this study seeks to compare the feasibility of estimation of sex from metric
observations of size and shape of the ilium and the iliac crest as proposed here, with the
application of a standard qualitative observation characterizing the shape of the sciatic notch.
Ultimately, the results of both methods will be compared to assess the efficiency of the two
approaches relative to each other.
To navigate and comprehend the proposed study successfully, a thorough understanding
of the form of the adult male and female os Coxae is required, along with an in-depth knowledge
of previous research conducted on the os Coxae. A background of the adult pelvic girdle,
anatomy, growth and development, and previous qualitative and quantitative research on the
adult os Coxae is provided in Chapter 2. Chapter 3 presents the materials and methods used in
this study. The skeletal sample, computer software, digitizer, and statistical methods used in this
study are discussed in this chapter. Statistical analysis conducted in this study will be presented
in Chapter 4, and will be discussed in Chapter 5.
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CHAPTER 2
BACKGROUND

Introduction
To fully understand the implications of sex estimation from the ilium and iliac crest, the
overall anatomy, elements that constitute the os Coxae and the growth and development of the os
Coxae must be understood. The following chapter provides a detailed account of such topics
along with discussions on sex estimation from the skeleton and the dimorphic condition of the
adult os Coxae. Also included in this chapter are reviews of a selection of previously conducted
qualitative and quantitative studies of the adult os Coxae and iliac crest.
Documentation of morphological variation, particular to the estimation of sex, has proven
to be fundamental to be able to establish biological profiles from undocumented skeletal remains
and to be able to complete inventory assessments and physical identification. Generally, adult
male skeletons are larger and more robust, exhibiting larger muscle origin and attachment than
female specimens in the same group affiliation. Certain bones and areas throughout the skeleton
have been shown to be better indicators of sex than others. It is widely known by both current
and historical biological anthropologists and anatomists (Dwight, 1904/1905; Letterman, 1941;
Krogman, 1962; Phenice, 1969; Acsádi and Nemeskéri 1970; Krogman and İşcan, 1986; France
1998) that the most reliable area for sex estimation is the os Coxae. The os Coxae is followed
closely by cranium as a reliable area for sex estimation. In addition to the os Coxae and cranium,
the long bones, such as the femur, are also reliable sources of sex estimation.
The estimation of sex depends largely on the relative completeness of the skeleton
(Krogman, 1962:112, 149; Krogman and İşcan, 1986:189, 259). In a study of 750 adult White
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and Black cadavers from the Hamann-Todd collection, Krogman (1962) and Krogman and İşcan
(1986) reported that when the complete skeleton is present a correct classification of 100 percent
can be achieved in sex estimation. If the complete skeleton is not available, Krogman (1962) and
Krogman and İşcan (1986) suggested that different combinations of elements can still produce
high correct classification percentages. The combination of the skull and os Coxae provide a 98
percent correct classification, while the combination of the long bones and os Coxae also achieve
a 98 percent correct classification. Additionally, single elements, such as the os Coxae, skull, or
long bones can correctly classify individuals from 80 percent to 95 percent of the time (Krogman
1962:112, 149; Krogman and İşcan 1986:189, 259). It must be noted that Krogman (1962) and
Krogman and İşcan (1986) reported that the sample was biased towards male specimens and thus
the percentages should be lowered 5-10 percent. Despite the bias, there are still clear indications
of sexual dimorphism throughout the adult skeleton.

The Adult Pelvic Girdle
The adult pelvic girdle is formed by the right and left os Coxae, sacrum, and coccyx.
Anteriorly the right and left os Coxae articulate with one another at the pubic symphysis, while
posteriorly they articulate with the sacrum and coccyx. When articulated these three bones form
the junction between the upper body and lower limbs. The pelvic girdle is divided into two
parts, the greater (false) and lesser (true) pelvis, by the oblique plane or pelvic inlet (Figure 1)
(Tortora and Anagnostakos, 1990:195-199; Scheuer and Black, 2000:341; Matshes et al.,
2005:328).
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Figure 1. The Adult Pelvic Girdle

The false pelvis contains the abdominal viscera and is delimited by the abdominal
abdom
wall
anteriorly, the iliac fossae laterally, and by the fifth lumbar vertebra posteriorly. The pelvic inlet
is bounded by the pubic crest and symphysis anteriorly, iliopectineal (arcuate) lines laterally, and
the promontory and ala of the sacrum post
posteriorly. The true pelvis contains the urinary bladder,
rectum, and the internal genitalia and is formed by the sacrum and coccyx posteriorly, the pubic
symphysis and body of pubis anteriorly, and the inner aspect of the os Coxae,
Coxae the obturator
fascia, and muscles that cover the obturator foramen laterally. The pelvic outlet has a
characteristic diamond shaped outline. This outline is formed by the coccyx, ischial tuberosities
and sacrotuberous ligaments, and the pubic symphysis. In the pelvic outlet, an artificial line
drawn from the ischial tuberosities marks the urogenital triangle anteriorly and the anal triangle
posteriorly (Scheuer and Black, 2000:341)
2000:341).. The urogenital triangle houses the external genitalia
and the ending parts of the urogenital passa
passages, while the anal triangle contains the anal canal.
The true and false pelves are separated by pelvic diaphragm.
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Anatomy of the Adult Os Coxae
Females and males vary in timing of growth and maturation. Thus it is important to
review both anatomy and growth and development of the pelvic girdle and os Coxae to better
assess sex estimation studies. The adult os Coxa is a large irregularly shaped bone that is
comprised of three separate bones that fuse during puberty. These three separate elements, the
ilium, ischium, and pubis, meet at the acetabulum to form the single adult bone. The adult bone
articulates with its counterpart anteriorly at the pubic symphysis and posteriorly with the sacrum
at the sacroiliac joint. Laterally, the os Coxae articulate with the head of the femur at the
acetabulum (Tortora and Anagnostakos, 1990:195-199; Matshes et al., 2005:328).

The Adult Ilium
The ilium has several defining features, which can be divided into three surfaces and
three crests or margins (Aiello and Dean, 1990:429; Scheuer and Black, 2000:345-347). Two
surfaces, including the gluteal and iliac fossa, are found on the large blade like feature know as
the iliac blade (Figure 2 and 3). The gluteal surface is positioned on the postero-lateral portion
of the blade, while the iliac fossa is located on the antero-medial surface. The gluteal surface is
delimited by the anterior border ventrally, the posterior border dorsally, iliac crest superiorly, and
the acetabulum inferiorly (Scheuer and Black, 2000:346). Along this surface are the attachment
sites of the posterior, anterior, and inferior gluteal lines, which facilitate the origins of the gluteal
muscles. The iliac fossa is the hollowed-out feature of the ilium, which forms the posterolateral
wall of the false pelvis and is the origin site for the iliacus muscle (Tortora and Anagnostakos,
1990:195-199; Scheuer and Black, 2000:347; Matshes et al., 2005:328).

7

Legend
13

Anatomical Landmarks
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1. Gluteal surface
2. Acetabular margin
3. Acetabulum
4. Greater sciatic notch
5. Lesser sciatic notch
6. Ischial body
7. Ischial tuberosity
8. Ischiopubic ramus
9. Obturator foramen
10. Superior pubic ramus
11. Pubic tubercle
12. Iliac fossa
13. Iliac crest
14. Sacral margin
15. Spina limitans
16. Sacral surface
17. Iliac tuberosity
18. Anterior superior iliac spine
19. Anterior inferior iliac spine
20. Posterior superior iliac spine
21. Posterior inferior iliac spine
22. Pubic symphysis
23. Pubic crest
24. Iliopectineal line
25. Ischial spine
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Figure 2. Dorsal View of the Os Coxa
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Figure 3. Ventral View of the Os Coxa
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The iliac fossa is formed by the iliac crest superiorly, the anterior border anteriorly, and dorsally
by the medial border (spina limitans), that is separated from the sacral surface. The third surface
is the sacral surface, which is directed medially and is the articulation site for the sacrum by way
of the auricular surface (Figure 3). The auricular surface is kidney bean or “L” shaped and forms
the synovial joint with the sacrum. Superior to the auricular surface lays the iliac tuberosity
which is the insertion site for the sacro-iliac interosseous ligament and the dorsal sacro-iliac
ligament. The sacral surface is bounded by the iliac crest superiorly, ventrally by the spina
limitans (vertical ridge that separates the smooth iliac fossa from the roughened area of the sacral
surface), and dorsally by the posterior border and is separated into three areas (Scheuer and
Black, 2000:347). The first of these is the ligamentous attachment site of the dorsal and superior
postauricular region. The middle auricular region is the site of the synovial sacroiliac joint,
while the third area, the ventral and inferior pelvic region, is located between the auricular
margin, the superior border of the sciatic notch, and the iliopectineal line (Scheuer and Black,
2000:347).
The first defining margin of the ilium is the acetabular margin, also known as the anterior
border (Figure 2) (Aiello and Dean, 1990:431; Scheuer and Black, 2000:344). The anterior
border commences at the anterior superior iliac spine and continues to the anterior inferior iliac
spine. A second margin is the sacral margin or the posterior border (Aiello and Dean, 1990:431;
Scheuer and Black, 2000:345). The sacral margin is significantly shorter than the acetabular
margin and originates at the posterior superior iliac spine, descends to the posterior inferior iliac
spine, and becomes continuous with the posterior border of the ischium (Scheuer and Black,
2000:345). Once past the posterior inferior iliac spine, this margin bends sharply ventrally, runs
horizontal for a short distance, and then bends down and forward to create the greater sciatic
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notch. A third defining margin of the ilium is the iliac crest (Figures 2 and 3). The iliac crest is
a solid ridge of bone that is arched or convex superiorly and commences at the anterior superior
iliac spine and ends at the posterior superior iliac spine (Scheuer and Black, 2000:343; Camacho
et al., 1993:785). This sinuous crest exhibits an inner pelvic concavity along the first two thirds
of the crest in correspondence with the iliac fossa, and an outer pelvic convexity in posterior one
third, thus creating a characteristic “S” shape (Mednick, 1955:204). The pattern of direction in
the crest is marked by the spina limitans.

The Adult Ischium
The ischium is the posterior element of the os Coxae. It is comprised of a body and a
ramus (Figures 2 and 3) (Aiello and Dean, 1990:433). The body extends superiorly, to fuse with
the ilium, and inferiorly to give rise to the ramus. It has three separate surfaces, which include
the femoral, dorsal, and pelvic surfaces (Scheuer and Black, 2000:348). The femoral surface
faces inferiorly, ventrally, and laterally. This surface is limited in the front by the obturator
foramen and serves as the attachment site for the quadrates femoris muscle, obturator externus
muscle, and the associated tendons (Scheuer and Black, 2000:348). The dorsal surface faces
dorsally, laterally, and superiorly. This surface forms and is the location of several features
including the greater and lesser sciatic notches, ischial spine, and the ischial tuberosity. The
ischial tuberosity is the large boney region on the lowest margin of the dorsal surface. The last
surface on the body of the ischium is the pelvic surface. The pelvic surface is relatively smooth
and featureless. The ischial ramus is the ridge of bone that extends superiorly from the ischial
tuberosity to fuse with the inferior pubic ramus. When fused with the inferior pubic ramus, this
ridge of bone is called the ischiopubic ramus. The ischiopubic ramus forms the ventral border of
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the obturator foramen and is the location for several muscle attachments (Scheuer and Black,
2000:348).

The Adult Pubis
The pubis is the ventral element of the os Coxae (Figure 3). The left os Pubis articulates
with its right counterpart in the midsagittal plane.

The os Pubis consists of an anteriorly

positioned body, a superior ramus that fuses with the ilium at the iliopubic eminence, and an
inferior ramus which fuses with the ischial ramus to form the ishciopubic ramus (Aiello and
Dean, 1990:435; Scheuer and Black, 2000:349; White, 2000:222-220; Schwartz, 2007:149-150).
The body of the os Pubis has a crest that is defined as the rounded superior border, which
extends between the pubic symphysis medially and the pubic tubercle laterally. A second feature
of the ventral os Coxa is the obturator foramen, which is covered by obturator membrane and is
the attachment site of the obturator externus and internus muscles (Scheuer and Black,
2000:350). The obturator foramen is formed by the superior and inferior pubic rami and the
upper extremity of the ischium body and ischial ramus.

Growth and Development of the Os Coxae
As previously discussed, the os Coxa is comprised of three separate elements that fuse at
the acetabulum to form the single adult bone. In the growth and development of the os Coxae,
there are primary and secondary centers of ossification that fuse to form the complete pelvic
bone. Additionally, there can be accessory centers of ossification (Scheuer and Black, 2000:
357). These centers have a tendency to be more variable. Examples of such accessory centers
of ossification include the ischial spine and anterior inferior iliac spine. The primary centers of
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ossification are the ilium, ischium, and pubis. At birth these three elements are present and
developed enough that they are easily identifiable (Baker et al., 2005:87; Scheuer and Black,
2000: 355). Of the three primary elements, the ischium and pubis are the first to fuse to form the
ischiopubic ramus. Such fusion occurs between four and eight years of age (Baker et al.,
2005:87). Subsequently, the ilium fuses with the ischiopubic portion to form the os Coxa at 11
to 14 years in females and 14 to 17 years in males (Baker et al., 2005: 87).
Each primary center of ossification has its own set of secondary centers of ossification,
which have been classified by Scheuer and Black (2000: 357) as proximal and distal. The ilium
has two secondary centers, one proximal and one distal. The proximal center is the iliac crest.
The iliac crest is thought to have two separate epiphyses, an anterior and posterior epiphysis
(Baker et al., 2005: 89; Scheuer and Black, 2000:365). These two epiphyses begin to ossify to
form the iliac crest epiphysis at 12 to 13 years in females and 14 to 15 years in males (Baker et
al., 2005:89). According to Webb and Suchey (1985:462) partial union of the iliac crest begins
at 14 and complete fusion is observed by age 24. Baker et al. (2005:89) have found that the iliac
crest commences fusion to the iliac blade between 17 and 20 years and is complete by 23 years
of age. The distal secondary ossification center is associated with the acetabulum. The small
cap for the anterior inferior iliac spine is sometimes linked to the acetabular epiphysis, thus not
being separate. This begins to fuse from 10 to 13 years and is compete by 18 to 20 years of age
(Baker et al., 2005:89).
The ischium has three secondary centers of ossification. The proximal center is for the
acetabulum, while the ramus and ischial tuberosity are the distal centers. The ischial epiphysis
has a curved shape, resembling a large “cornflake”, and covers the ischial tuberosity portion
along with the inferior ischial ramus (Baker et al., 2005:90). It is present from 13 to 16 years of
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age, begins to fuse from 16 to 18 years and is completely fused by 21 to 23 years. The ramal
epiphysis is normally completely fused by 20 to 21 years, with 100 percent of union occurring
from 21 to 23 years of age (McKern and Stewart, 1957: 67; Scheuer and Black, 2000: 368).
The os Pubis has four secondary centers of ossification. A proximal center is associated
with the acetabulum, with the remaining three facing the body, the crest, and the ramus.
Additionally, the pubic symphysis is an area that has been given considerable attention in studies
of age change in the human os Coxa.

Several anthropologists have formulated stages of

development in this region that, in various ways, correspond to chronological age (Todd,
1920/1921; McKern and Stewart, 1957; Gilbert and McKern, 1973; Katz and Suchey, 1986;
Acsádi and Nemeskéri, 1970). The pubic symphysis displays identifiable age changes until fully
matured at the age of 35 to 40 years. Beyond the age of 40, the changes in the pubic symphysis
become degenerative in nature, with the breakdown of the symphyseal outline and texture of the
face (Scheuer and Black, 2000: 371).

Sexual Dimorphism in the Adult Os Coxae
The physical identification, inventory assessment, and biological profile estimation of
human skeletal remains have been addressed extensively in past osteological research.
Traditional osteological techniques for estimating sex from human pelvic shape are primarily
applied to the right and left os Coxae. A secondary measure of sex estimation sometimes
includes the shape and size variation of the adjoining sacrum.

Current studies of pelvic

morphology describe the female os Coxa as less robust, exhibiting a relative absence or lesser
expression of muscle markings. The female pelvis has also been characterized as both broader
and lower; whereas the male os Coxa is larger in size with more extensive muscle markings,
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displaying a taller and relatively narrow appearance (Krogman, 1955:A36, table 10; Acasdi and
Nemeskéri 1970:83, table 11; Krogman and İşcan, 1986:209, table 6.11; France, 1998:164).
Further evidence of sexual dimorphism in the pelvis includes a narrow U-shaped sciatic notch,
reflecting a more vertical ilium. The narrower pelvic shape in males corresponds to a shorter
superior pubic ramus and a correspondingly oval, or tall and relatively narrow obturator foramen
in the anterior pelvis. In contrast, the broader dorso-ventral dimension of the female ilium
corresponds with a broader, or open, sciatic notch and a longer superior pubic ramus. The
anterior of the female pelvis is characterized by a longer pubic ramus, a correspondingly wide
subpubic angle, and broad obturator foramen reflecting the wider overall pelvic shape (Krogman,
1955:A36, table 10; Acasdi and Nemeskéri 1970:83, table 11; Krogman and İşcan, 1986:209,
table 6.11; France, 1998:164). Additionally, the female pelvis exhibits a circular pelvic inlet,
spacious true pelvic cavity, shorter and broader sacrum, well developed preauricular sulcus,
smaller and oblique sacroiliac articulation, laterally flaring ischiopubic rami, and a smaller
acetabulum that is usually directed antero-laterally.

Methods of Identification Using the Adult Os Coxae
In light of these fundamental differences scholars have conducted research to further
confirm, with a high level of accuracy, the male and female pelvic form. Such studies have
focused on using observation or lack of observation of certain features (Phenice, 1969;
Anderson, 1990; Sutherland and Suchey, 1991), while others have utilized standard and
nonstandard measurements to quantify features (Letterman, 1941; Washburn 1948; MooreJansen and Harrison, 2004). The qualitative methods have been brought into question regarding
subjectivity and reliability, while the quantitative methods have been criticized for requiring
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better preservation of bone, ill-defined landmarks, poor repeatability, and measurements that
have limited ability to describe features (Rogers and Saunders, 1994:1047).

Despite the

concerns for both methods, the sex estimation of the adult os Coxae has greatly been advanced
by the previous studies. The major studies contributing to the advancement of sex estimation in
the adult os Coxae will be discussed.

Qualitative Analysis of the Adult Os Coxae
Qualitative methods of analysis traditionally consider one or two features of the os Coxae
to determine sex. Despite this generalization, there are a few exceptions (Rodgers and Saunders,
1994; Bruzek, 2002). Phenice, in 1969, conducted a classic study on the pubic bone. In this
study, three aspects, the ventral arc, which is a is roughened line of bone on the ventral portion of
the pubis, subpubic concavity, which is observed on the medial boarder of the ischiopubic ramus,
and medial aspect of the ischio-pubic ramus, of the pubic bone are considered. The presence of a
ventral arc, a broad ischio-pubic ramus, and subpubic concavity is consistent with female
specimens (Phenice, 1969:298-300). From a sample consisting of two hundred seventy five
adult individuals from the Terry collection, only 11 had been incorrectly sexed, thus a minimum
correct classification percentage of 95% was obtained (Phenice, 1969:300). This new method
was studied again by several more recent scholars (Kelley, 1978; Lovell, 1989; MacLauglin and
Bruce, 1990; Ubelaker and Volk, 2002). Kelley (1978) analyzed a sample of 362 unsexed os
Coxae from the University of California, Berkeley, and Sacramento State University. Lovell
(1989) had 12 graduate students and undergraduate students and one professional biological
anthropologist, all instructed in the Phenice (1969) method, analyze 50 os Pubis from the
medical school. In the Ubelaker and Volk (2002) study, Volk, without any previous knowledge
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of observable sex indicators of the os Coxa, examined 198 os Coxae from the Terry collection
and after extensive research and training in the sexual dimorphism of the os Pubis, Volk repeated
the examination of the sample. From these research designs, all three studies confirmed the
accuracy of the Phenice (1969) method.

Additionally, Kelley (1978), Lovell (1989), and

Ubelaker and Volk (2002) determined that the age of the sample and experience of the observer
contributes to the overall accuracy. Despite the previously discussed findings, MacLauglin and
Bruce (1990) concluded that this method did not accurately estimate sex in a sample of 273
European specimens.
In 1984 İşcan and Derrick studied 17 males and 10 females from contemporary American
and Asiatic populations.

Their study examined the efficiency of the iliac tuberosity,

postauricular sulcus, and postauricular space of the ilium as it lends itself to sex estimation.
Their results exhibited that the postauricular space, more pronounced in females, was the best
indicator of sex followed by postauricular sulcus, commonly found in females (İşcan and
Derrick, 1984:97).

Additionally, İşcan and Derrick (1984) found that the iliac tuberosity

presents as a fossa in female individuals and a tuberosity in males.
In 1990, Anderson conducted a study on the ventral arc of the pubic bone. Similarly to
Phenice, this study found that the ventral arc is more clearly defined in females. In some male
cadavers a resemblance of a ventral arc in the form of a ridge of bone formation along the ventral
surface of the pubic bone was observed, paralleling the pubic symphysis. It is worth noting that
this ridge of bone does not flare laterally to the degree seen in females and therefore is not a true
ventral arc (Anderson, 1990:452). This difference in the ventral arc is attributed to the muscular
origins and differential growth patterns among males and females (Anderson, 1990:449).
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One year later, Sutherland and Suchey (1991) completed a study of the ventral arc in a
sample of 1284 cadavers from the Los Angeles coroner’s office.

This study sought to

compliment and expand previous studies by adding adolescent individuals to the sample. Their
study found that 96% of the specimens analyzed were accurately sexed when using the ventral
arc, even on the subadult specimens. Their study emphasized the ventral arc precursor condition,
which comprises a faint line following the ventral arc. This line first appears at 14 years of age
and becomes frequent at 20 years (Sutherland and Suchey, 1991: 501).
Another qualitative feature of the os Coxa used in sex estimation is the greater sciatic
notch. Walker (2005) tested the accuracy of visually scoring the greater sciatic notch in 296
skeletons of known sex and age. He found that sex could be assigned in 80% of the samples, an
estimate close to other accuracies found in metrical approaches (Walker, 2005:385,390). Walker
also determined that males and females are not symmetrically distributed on either side of the
morphological extremes of maleness and femaleness (Walker, 2005:390).
As previously stated, some qualitative methods focus on multiple morphological features
to assess sex of the adult os Coxae to ensure better accuracy and reliability in sex estimation.
Rogers and Saunders (1994) conducted a study that assed the accuracy and reliability of 17
morphological traits, such as subpubic concavity, sciatic notch shape and size, pelvic inlet shape,
and sacral shape. These traits were hypothetically ranked by an evaluation of previous studies,
evaluated for precision and accuracy, and then grouped into two and three morphological trait
combinations to check the collective effectiveness as sex indicators (Rogers and Saunders,
1994:1047). It was found that the obturator foramen shape and presence of ventral arc had an
accuracy of 98%, obturator foramen shape and true pelvis shape had an accuracy of 98%, and the
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pubis shape and acetabulum shape and size had and accuracy of 96% (Rogers and Saunders,
1994: 1053). It was also concluded that the whole trait list had an accuracy of 95.9%.
In a study of sex estimation using the os Coxae, Bruzek (2002), used five different
characteristics of the os Coxa. Three of these observations are defined on an ordinal and
nominal scale, where as the remaining two are scored nominally. Once all of the traits have been
scored, then the forms of the characters are evaluated and sex is determined based on the five
characters. When the five features are simultaneously observed, an accuracy of 95% can be
achieved (Bruzek, 2002:157,167). This method seemed to be more time and labor intensive and
did not prove to be more reliable than other studies, thus making it less optimal than the other
studies discussed here.

Quantitative Analysis of the Adult Os Coxae
Unlike the qualitative methods of analysis, most quantitative methods, with a few
exceptions, tend to consider multiple features of the os Coxae to determine sex. Further, to
eliminate possible error or skewed results introduced by variable such as size (Arsuaga and
Carretero, 1994:241), some scholars have utilized mathematical methods, such as discriminate
functions, logistic regression, and an ID3 algorithm.
Several quantitative studies have analyzed the os Coxae in its entirety by conducting
several measurements, indices, and angles on all three elements of the os Coxae. Young and
Ince’s (1940) radiological study utilized six measurements, five indices, two areas, four angles,
and two ratios of the pelvic complex to analysis the data collected. From this study, it was
concluded that the best indicators of sex were the pelvic inlet and outlet, greater sciatic notch,
and the subpubic angle, with the pelvic inlet and outlet and subpubic angle larger in the females
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and the greater sciatic notch narrower and deeper in males (Young and Ince, 1940:380-385). In
1979, Kelley conducted a study that focused on measurements and indices of the greater sciatic
notch and acetabulum. In his study 400 adult pelves from the Hamann-Todd collection and 200
adult California Indian os Coxae were examined. He found that the sciatic notch/acetabular
index, being the best indicator, can estimate sex at 90% accuracy (Kelley, 1979:155-157). In a
smaller study, Segebarth-Orban (1980) examined 99 individual os Coxae and 59 articulated
innominates of Belgian and French background. On these 158 specimens, seven angles and 15
measurements throughout the pelvis were taken (Segebarth-Orban, 1980:601).

The female

individuals had wider, more open sciatic notches and larger and broader pelvic inlets; whereas
the male cadavers had larger dimensions in the length of the innominate, ilium, and ischium, and
the width of the ilium (Segebarth-Orban, 1980:607). Tague’s (2005) study supports the findings
of Segebarth-Orban (1980) that females have a larger pelvic inlets and birth canals compared to
males.
As previously stated, some scholars have utilized mathematical methods, such as
discriminate functions, logistic regression, and an ID3 algorithm, to eliminate possible error or
skewed results when sexing the os Coxae. In 1957, Fred P. Thieme and William J. Schull
investigated sex determination of the skeleton. Their study focused on finding the best set of
measurements that more accurately estimate sex in postcranial skeletal remains (Thieme and
Schull, 1957:243). A total of 11 measurements were used, including two from the pelvis. Their
finding for the measurements of ischium and pubis lengths demonstrated that pubic length is
significantly larger in females than males and that ischium-pubis index is of great importance
when estimating sex in the adult skeleton (Thieme and Schull, 1957:245).
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Seidler (1980) used discriminant functions to analyze the measurements collected on 133
males and 44 females from the Weisbach collection, supplemented by sample of 39 female
specimens from the Weninger collection. Once the four discriminant functions were completed
on the control sample, the functions were then tested on an independent test sample of 138
cadavers of unknown sex from the Tyrol series. Sixteen variables, including length, height, and
breadth dimensions on the pelvic complex were measured in the latter sample (Seidler,
1980:598-599). All four discriminant functions seemed to estimate sex correctly at a minimum
of approximately 95% in the Weisbach/Weninger collection and 97.83% in the Tyrol collection
(Seidler, 1980:599-600).
In their 1983 study, Dibennardo and Taylor used multiple discriminant function analysis
on the postcranial skeleton to determine sex and race in a sample of 260 White and Black
specimens, 65 male and 65 females from each group affiliation, from the Terry collection.
Eleven measurements were collected on the os Coxae and four were taken on the femur
(Dibennardo and Taylor, 1983:306). From this study they were able to correctly estimate 95% in
the total sample of 65 White and Black females and 65 White and Black males.
et al. (1983) conducted a study on 100 black specimens.

Schulter-Ellis

The study comprised of five

measurements, four pelvic and one from the femur, and three indices (Schulter-Ellis et al.,
1983:169). The acetabulum/pubic index and the distance from the anterior ischial tuberosity to
the farthest rim of the acetabulum were the best in discriminating value. These two values, in
addition to the femur head diameter were able to sex 97% of the sample. The acetabulum/pubic
index with the femur head diameter correctly sexed 96% of the specimens. Such high values do
not present improvements from other such studies, but the measurements that are required are
better defined, thus reducing observer error (Schulter-Ellis et al., 1983:169).
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Two years later, in 1985, Schulter-Ellis et al. repeated their study, but this time on a
sample of 100 White specimens.

Similar to the findings of their previous study, the

acetabulum/pubic index and the distance from the anterior ischial tuberosity to the farthest rim of
the acetabulum were the best estimators of sex. Using these two variables, 98% of the sample
was correctly identified, where as the acetabulum/pubic index alone was able to sex 95% of the
sample. In case of indeterminate or overlapping dimensions for the pubic index, the femur head
diameter was able to sort 97% of the sample (Schulter-Ellis et al., 1985:178).
Arsuaga and Carretero’s (1994) examined 418 adult pelves by using 34 measurements
and 10 morphological characters (Arsuage and Carretero, 1994: 242). Their findings suggest
that the female specimens have relatively larger pelvic inlets and broader sciatic notches and the
presence of preauricular sulcus.
In 2004, Moore-Jansen and Harrison conducted a study on 33 specimens from the
Wichita State University Biological Anthropological Laboratory and 80 Black specimens, 40
females and 40 males, from the Terry collection. Additionally, an independent test sample
comprised of 40 females and 40 males from the same collection was utilized. Twenty one metric
and six non metric traditional and non-traditional observations were recorded for each specimen
(Moore-Jansen and Harrison, 2004). Three different statistical procedures, PROC CANDISC,
PROC STEPWISE, and PROC DISCRIM, were conducted on the collected data. The best one,
two, three, and four variable models were found and all models estimated sex at 85% - 98%
accuracy. Several features from these models, such as the sub pubic subtense, height of the
obturator foramen, width of the sciatic notch, and width of the symphyseal body, were found to
be the best sex estimators (Moore-Jansen and Harrison, 2004). It is noteworthy that most of the
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variables were recorded using non-traditional measurements developed specifically for their
study.
In addition to the discriminant function studies, there have been other mathematical
methods applied to collected data. Such studies include McBride et al. (2001) and Albanese
(2003). These studies used ID3 algortihm and logistic regression, respectively, to shed light on
new and better ways to sex the adult os Coxae (McBride et al., 2001:430; Albanese, 2003: 272).
Although most quantitative analysis utilize multiple features of the os Coxae to determine
sex, there are a few exceptions (Straus, 1927; Letterman, 1941; Washburn, 1948) that focus on
one or two aspects of the pelvis. Straus’s (1927) study, conducted on 244 adult White and Black
os Coxae of known sex and age, used five measurements to quantify the shape of the ilium. He
concluded that, despite females having a larger iliac height dimension, all of the features studied
were too variable to accurately determine sex.
Letterman in his 1941 study, analyzed 426 White and Black specimens of known sex and
age. In his analysis he focused on the greater sciatic notch by using three measurements, greatest
width, height, and the distance from the posterior inferior iliac spine to the intersection of the
greatest width and height (Letterman, 1941:103-105). Letterman concluded that the width of the
sciatic notch and distance from the posterior inferior iliac spine to the intersection of the greatest
width and height was larger in females, while the height (depth) of the notch was greatest in
males (Letterman, 1941:111). Such results are consistent with females having a wider and
shallower greater sciatic notch.
In 1948, S. L. Washburn measured the length of the ischium and the pubis on 300 adult
os Coxae of known race and sex. In addition to the lengths, Washburn also calculated the
ischium-pubis index. From this study Washburn (1948) concluded that the pubic bone length is
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the best indicator of sex in the skeleton and the ischium-pubis index alone can sex 90% of
unknown skeletal specimens from the same racial affiliation, thus indicating all other indicators
of sex are secondary (pg. 201-203).

Methods of Identification Using the Iliac Crest
Although there are several metric and non-metric studies that focus on certain features of
the os Coxae for sex estimation, only one study could be found that focused on the iliac crest
(Camacho et al., 1993) and one study that briefly discussed the dimorphic condition of the crest
(Straus, 1927) . Camacho et al. (1993) used nine measurements and one index on a sample of 42
adult skeletons, including 15 females and 27 males, from modern rural and urban Madrid, Spain
(Camacho et al.,1993: 780). The measurements included the distance from the anterior superior
iliac spine to the posterior superior iliac spine, known as the iliac width, curved length of the
crest extending from the anterior superior iliac spine to the posterior superior iliac spine, the
maximum thickness of the anterior third of the crest, the maximum thickness of the middle third
of the crest, and the maximum thickness of the posterior third of the crest.

Additional

measurements include the maximum rise of the superior border perpendicular to the plane of the
iliac width, the distance from the maximum rise to the anterior superior spine, and the minimum
distance from the iliac tubercle to the anterior superior spine. The final measurement included
the distance from the maximum rise to the posterior superior spine (Camacho et al, 1993:780782). An iliac crest index was calculated by dividing the iliac crest rise by the iliac width and
multiplying this by 100. From these nine measurements and one index, it was found that three
measurements, namely the iliac crest arch, iliac crest rise, and distance from the maximum rise to
the anterior superior spine, and one index were the only variables to be statistically significant
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for sexual dimorphism (Camacho et al., 1993: 785).

Additionally, Camacho et al. (1993)

concluded that the iliac crest in males has a higher arch and exhibits more superior convexity on
the anterior third of the crest.
Straus (1927) briefly discussed the shape of the iliac crest. He reported that male iliac
crests exhibit steeper anterior and posterior slopes than female crests in the sample. Straus
(1927) also concluded that this feature presented too much variation to reliably determine sex
and that further research needed to be conducted in this area of sexual dimorphic features
(Straus, 1927: 23, 27).
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CHAPTER 3
MATERIALS AND METHODS
Introduction
Alternate methods of examining sexual dimorphism in the os Coxa, such as that proposed
here, require a well defined protocol for data collection. Detailed data procedures and data
variables must be defined to obtain accurate, repeatable data and to minimize error. This study
developed a protocol and variables to facilitate data collection using a MicroScribe-3DX
digitizer to better define shape in the ilium and iliac crest.

Materials
For the present study human specimens from the Hamann-Todd Osteological collection
were utilized. This collection is currently housed at the Cleveland Museum of Natural History in
Cleveland, Ohio. The Hamann-Todd collection is the largest skeletal collection of its kind, being
comprised of approximately 3,100 modern human specimens and 900 non-human primate
skeletons, and is used widely in research of human skeletal variation. For most of the human
skeletons various biographical information such as age at death, height, weight, sex, and group
affiliation, is available. The osteological collection is primarily composed of donated skeletal
anatomical specimens mostly from the lower socio-economical strata of ethnically White and
Black individuals from Cleveland, Ohio and may not necessarily represent American born
individuals (Todd and Lindala, 1928:36-37). The collection was first begun in 1893 by the
anatomy professor, Dr. Carl August Hamann, at Western Reserve University (Cobb, 1981).
Nearly 20 years later, in 1912, Dr. Thomas Wingate Todd succeeded Dr. Hamann as professor of
anatomy and subsequently took charge of the collection.

The Hamann-Todd collection

continued to grow until the death of Dr. Todd in 1938 (Krogman, 1939). Subsequently, a large
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number of standard methods used to estimate age at death, sex, and group affiliation by
biological anthropologists have been developed using this collection.
A sample of 150 adult White females and males, including 75 females and 75 males, of
the left side were selected. Additionally, only individuals with complete bones, known age, sex,
and group affiliation were selected. The female specimens ranged in age from 30 years to 85
years, while the male specimens ranged from 30 years to 82 years. All of the selected os Coxae
had an iliac crest and pubic symphysis that were in optimal condition, with no missing
fragments. Some of the specimens did exhibit osteophytic lipping. In these cases the data was
collected directly inferior to such presentations. For the sciatic notch data, 148 out of the
previously discussed sample of 150, 74 females and 74 males, were used as a result of missing
data. The sciatic notch scores for these two specimens were not recorded, resulting in a smaller
sciatic notch sample size.

Independent Test Sample
To test the results from the statistical analysis on the calibration sample, a second
independent test sample was compiled. The independent test sample is comprised of 17 males
and 17 females. All of the male specimens are from the Hamann-Todd collection, while 13
females are from the Hamann-Todd collection and the remaining are from the Wichita State
University Biological Anthropology Laboratory cadaver and forensic collection.

As in the

calibration sample, the test sample is composed of adult, White os Coxae of the left side. All
samples were free of any extensive damage to the iliac crest and pubic symphysis and if any
osteophytic lipping was present, the data was collected directly inferior to the presentation. For
the female sciatic notch data, 16 out of the previously discussed sample of 17 were used as a
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result of missing data. The sciatic notch score for this specimen was not recorded, resulting in a
smaller female sample size.

Hardware
A MicroScribe-3DX digitizer (Immersion Corporation, San Jose, California) was used to
collect coordinate data along the iliac crest. This equipment was chosen over standard calipers to
improve definability and repeatability.

Due to the lack of easily defined and repeatable

landmarks along the iliac crest, this study used the digitizer to take continuous points, every 0.5
millimeters, along the iliac crest.

The coordinate data points were entered into an excel

workbook and mathematical equations were developed to transform the three dimensional points
into two dimensional measurements.
The MicroScribe-3DX desk digitizer consisted of a multi-jointed arm, stylus, stylus
holder, counterweight, and base (Figure 3) (Immersion, 2000:5). The digitizer was able to
calculate the location of the stylus tip in three dimensional space by a series of optical encoders,
located in the joints of the arms, communicating with a microchip in the base (Immersion,
2000:3). The coordinate points taken by the digitizer were communicated to the host computer
through a standard serial port. This digitizer was able to accommodate several different input
accessories, such as a foot pedal or hand switch. For this study the foot pedal was used. A
Microsoft Windows (Vista) equipped computer was use as the host computer throughout this
study.
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Figure 4. Digitizer Anatomy

Software
In addition to the hardware, two different types of software
software,, Rhinoceros (version 3.0) and
Microsoft Office Excel (Vista), were used to collect and process the accumulated
ac
three
dimensional data. Rhinoceros is a three dimensional modeling program that will replicate any
free-form physical
al shape (Rhinoceros, 1993:4). The coordinate data collected in Rhinoceros
were translated into linear, two dimensional distances
distances.. These linear distances were calculated
using Microsoft Office Excel.

Quantitative Observations
In this study 42 non-traditional
traditional measurements were calculated and presented in Tables 1,
2, and 3 and Appendix A.. These measurements include
included the iliac breadth,
readth, anterior breadth,
posterior breadth, subtense, anterior length
length, posterior length,, total triangular area, anterior
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triangular area, posterior triangular area, 17 chords, and 16 angles. The iliac breadth was the
distance of the iliac blade from the most medial aspect of the epiphyseal margin of the anterior
and posterior iliac spines and was a size indicator among females and males (Table 1). The
anterior and posterior breadths were the distances from either the anterior or posterior iliac
spines, along the most medial aspect of the epiphyseal margin of the iliac crest, to the subtense
intersect of the iliac breadth dimension and helped emphasize proportional differences, if they
were to be found, in the sexes. The subtense was the height of the iliac blade, from the iliac
breadth to the apex of the medial iliac crest epiphyseal margin, and was also used to estimate size
differences in females and males. Both anterior and posterior lengths originated at either the
anterior or posterior superior iliac spines, along the most medial aspect of the epiphyseal margin,
and ended at the apex of the iliac crest.
The total triangular area was comprised of the area enclosed by the anterior and posterior
lengths and subtense and helped define the shape of the iliac blade. The anterior triangular area
was comprised of the anterior length, anterior breadth, and subtense, while the posterior
triangular area incorporated the posterior length, posterior breadth, and subtense. These areas
also aided in the definition of shape among females and males. All 17 chords were calculated by
bisecting the anterior and posterior iliac blade into eighths (Table 2). The 16 angles were
delineated by the previously discussed chords (Table 3). The chords and angles will highlight
any shape differences seen in females and males.
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The distance from the most posterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin to the apex point.

Posterior Length

The area of the triangle delineated by the iliac breadth, anterior chord, and the subtense.
The area of the triangle delineated by the iliac breadth, posterior chord, and the subtense.

Anterior Triangular Area

Posterior Triangular Area

The area of the triangle delineated by the Iliac breadth, anterior chord, and posterior chord.

The distance from the most anterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin to the apex point.

Anterior Length

Total Triangular Area

The distance from the highest point along the medial aspect of the epiphyseal margin of the iliac
crest, at a 90.0 to 90.5 degrees, to the iliac breadth.

The distance from the most posterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin to the subtense intersect of the Iliac Breadth dimension.

Posterior Breadth

Subtense

The distance from the most anterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin to the subtense intersect of the Iliac Breadth dimension.

The distance from the most anterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin to the most posterior superior point of the iliac crest on the medial aspect of the
epiphyseal margin.

Iliac Breadth (line AP)

Anterior Breadth

Definition

Measurement

Table 1. Definitions for the Iliac, Anterior, and Posterior Breadths, Subtense, Anterior and Posterior Lengths, and the Triangular Areas
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The distance from the origin point to five eighths of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.

The distance from the origin point to six eighths of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.

The distance from the origin point to seven eighths of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.
The highest point along the iliac crest on the medial aspect of the epiphsal margin at a 90.0 to 90.5
degrees to the iliac breadth.

Chord 7

Chord 8

Chord 9

The distance from the origin point to three eighths of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.

Chord 4

Chord 6

The distance from the origin point to one fourth of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.

Chord 3

The distance from the origin point to one half of the curve length from the most posterior superior
point of the iliac crest on the medial aspect of the epiphsal margin to the apex point.

The distance from the origin point to one eighth of the curve length from the most posterior
superior point of the iliac crest on the medial aspect of the epiphseal margin to the apex point.

Chord 2

Chord 5

The distance from the origin point to the most posterior superior point of the ilac crest on the
medial aspect of the epiphyseal margin.

Definition

Chord 1

Measurements

Table 2. Definitons of the Seventeen Chords
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Definition
The distance from the origin point to seven eighths of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to six eighths of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
The distance from the origin point to five eighths of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to one half of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to three eighths of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to one fourth of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to one eighth of the curve length from the most anterior
superior point of the iliac crest on the medial aspect of the epiphyseal margin to the apex
point.
The distance from the origin point to the most anterior superior point of the ilac crest on the
medial aspect of the epiphyseal margin.

Measurements

Chord 10

Chord 11

Chord 12

Chord 13

Chord 14

Chord 15

Chord 16

Chord 17

Table 2. Definitons of the Seventeen Chords (Continued)

Table 3. Definition of the Sixteen Angles
Measurements

Definition

Angle 2

The angle delineated by chord 1 and chord 2.

Angle 3

The angle delineated by chord 2 and chord 3.

Angle 4

The angle delineated by chord 3 and chord 4.

Angle 5

The angle delineated by chord 4 and chord 5.

Angle 6

The angle delineated by chord 5 and chord 6.

Angle 7

The angle delineated by chord 6 and chord 7.

Angle 8

The angle delineated by chord 7 and chord 8.

Angle 9

The angle delineated by chord 8 and chord 9.

Angle 10

The angle delineated by chord 9 and chord 10.

Angle 11

The angle delineated by chord 10 and chord 11.

Angle 12

The angle delineated by chord 11 and chord 12.

Angle 13

The angle delineated by chord 12 and chord 13.

Angle 14

The angle delineated by chord 13 and chord 14.

Angle 15

The angle delineated by chord 14 and chord 15.

Angle 16

The angle delineated by chord 15 and chord 16.

Angle 17

The angle delineated by chord 16 and chord 17.
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All of the distance measurements were calculated in millimeters, area dimensions were in
millimeters squared, and the angles were calculated in degrees. The iliac, anterior, and posterior
breadths, subtense, anterior length, posterior length, and all chords were converted from the
coordinate points into two-dimensional chords using equation (0.1).

ԡ ԡ = ඥሺܺଶ − ܺଵ ሻଶ + ሺܻଶ − ܻଵ ሻଶ + ሺܼଶ − ܼଵ ሻଶ

(0.1)

Equation (0.1) took the ending X, Y, Z coordinate point and subtracted the origin X, Y, Z
coordinate point to obtain the distance between the two coordinate points. Since the individual
coordinate points were squared, the squared root was taken to find the absolute value of the
distance. Subsequent to the calculation of the two dimensional breadths, lengths, and chords, the
triangular areas were defined by the previously discussed linear dimensions and were calculated
using equation (0.2).

=ܣ

ଵ
ଶ

ܪܤ

(0.2)

The previously detailed angles were calculated using equation (4.6). Where θ, the angle, was
ሬሬሬሬሬറ multiplied by vector ܵܲ
ሬሬሬሬറ and then divided by the length
equal to the inverse cosign of vector ܵܺ
of vector ሬሬሬሬሬറ
ܵܺ multiplied by the length of vector ሬሬሬሬറ
ܵܲ.

ሬሬሬሬሬറ
ሬሬሬሬሬറ
ௌ ∙ ௌ

ߠ = cos ିଵ ൬ฮௌ
൰
ሬሬሬሬሬറฮ ฮௌ
ሬሬሬሬሬറฮ
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(4.6)

Qualitative Observations
The sciatic notch of the os Coxa was used as an osteological control for this research.
The ordinal scoring scale, -2 (hyperfemale) to +2 (hypermale), was modified from Walker
(2005). While maintaining the correct orientation, each specimen was held approximately six
inches above the scale diagram (Figure 5) and moved from each sciatic notch representation until
the closest match was found. The score was then recorded in an Excel worksheet.

-2

-1

0

+1

+2

Figure 5. Sciatic Notch Ordinal Scoring Scale

Digital Collection Protocol
Digitization
Before the digital data was collected, an origin point, X and Y axes were marked with
pencil on the os Coxa. This assured more accurate digitizing. In this study, the origin point
selected for all data points was the most superior point of the pubic symphysis in the midline of
the symphysis. The X axis was the most anterior superior beginning point of the iliac crest on
the medial aspect of the epiphyseal margin, and the Y axis was the most inferior point on the
pubic symphysis in the midline. Once the origin point and X and Y axes were marked, the work
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space was arranged for maximum work efficiency. The host computer needed to be within
reach, but set off to the side. The digitizer was located close enough to the specimen as to have
full range of the digitizer arm while still allowing the foot pedal to be placed in a comfortable
position under the work space. The specimen was positioned in a vise and/or clay, for maximum
stability, with the medial side facing the researcher and located near the digitizer. When the
initial work space was ready for the digitizing process, the hardware was connected to the host
computer, the foot pedal, and a power source.
After the workspace was set up and the hardware was connected, the Rhinoceros (Rhino)
software was opened. The initial step in the digitizing process was to activate the connection
between the computer and digitizer using connect digitizer. This was done by clicking on the
radio icon found in the digitizer toolbar located at the top of the screen. It must be noted that a
majority of the radio buttons serve dual functions. A left mouse click will elicit a different
command than a right mouse click on the same radio button (Immersion, 2002:10). Left clicking
the connect digitizer button and selecting MicroScribe as the digitizer allowed the digitizer to
connect to Rhino and calibrate. With the digitizer connected and the model of digitizer selected,
Rhinoceros requested the selection of an origin point, an X-axis, and a Y-axis with the digitizer.
These points, were selected by placing the stylus tip at the previous discussed locations and
pressing the left foot pedal. Once the points were selected the program asked to enter an origin
in Rhino, for this command the world origin was used by pressing the Enter key.
To begin digitizing, a function for the collection of coordinate data must be selected. In
this study, to obtain accurate and repeatable data, the Sketch a Curve with Digitizer function was
used. This function was selected by placing the curser over the radio button and left clicking.
Rhino then prompted the user to designate the settings. For this research, “points” were used and

36

the point spacing was set to take a point every 0.5 millimeters. No other options were used. The
Sketch a Curve with Digitizer function was chosen because it takes continuous data, with a point
taken at the specified spacing, while the foot pedal was being pressed down. This provided a
continuous curve from which points were selected later as needed.

This was extremely

important, as there are only two repeatable landmarks to define along the iliac crest.
Once the settings were designated, the researcher begun to collect coordinate data. To
collect the coordinate points, the stylus was placed at the starting point, the assigned X axis
point, the right foot pedal was held down, and the medial aspect of the iliac crest along the
epiphyseal margin was traced by the stylus tip. Once the crest had been traced and the stylus tip
was at the ending point, the most anterior posterior ending point of the iliac crest on the medial
aspect of the epiphyseal margin, the researcher removed pressure from the right foot pedal to
stop collecting data and pressed the Enter key.

Exporting Digital Data
After the iliac crest had been completely digitized, the points were exported for analysis.
One of the four view screens was selected and all of the coordinate points were brought into the
field of view by using the zoom extents radio button from the toolbar. Once in the field of view,
all points were selected by left clicking while the cursor was over the points. The points were
then exported as a Points File. With the points still selected, the data were exported by choosing
export selected in the File menu located at the upper left corner of the screen. The points were
saved as a Points File (*.txt). In the Points File Export Options, the tab delimiter was selected
along with 16 significant digits and surround values with double-quotes checked.
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Importing Digital Data
Once the coordinate data are saved as text files, they can be analyzed using most
analytical programs. For ease and familiarity, this author chose to use Microsoft Office Excel.
To import the data, an Excel workbook was opened; in the case of this study, a customized
workbook labeled “Cleveland Excel Spreadsheet Template A.” From the top menu, the Data tab
was selected. In the Get External Data menu, From Text was selected. The Text Import Wizard
Step 1 requested the selection of a file type. The delimited option was selected. In Step 2 of the
Text Import Wizard, the Tab delimited was selected and in the final step, the column data format
was set to general. Upon selecting Finish, the program requests a location for the data, in this
case the data was placed in the existing worksheet.
The coordinate data points were entered into the Excel sheet in the same order they were
digitized, thus the first point digitized was the first point seen in the worksheet. The first three
columns in this worksheet were the X, Y, and Z coordinates and the fifth column was the
distance, in millimeters, from the coordinate point to the origin point. This fifth column was
used to verify that the digitizer was working correctly. The Excel workbook was saved as the
specimen name.

Translating Digital Data into Linear Measurements
When the coordinate data were in an Excel worksheet, calculations were conducted on
the data to translate it into linear measurements. To complete such a complex process, two
separate worksheets, of the same Excel workbook labeled “Data Process Template 1”, were used
to break down the multi-step process. The data from the first workbook, “Cleveland Excel
Spreadsheet Template A,” was copied into the second Excel workbook in worksheet one (Figure
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6). Along with copying the data into the “Data Process Template 1” workbook, other data, such
as the last three coordinate points and total number of points, had to copied and pasted into their
respective locations within the second workbook on the first worksheet. Once all of the data was
pasted into its proper location, a series of trigonometric functions and vector calculus equations
were programmed to automatically calculate a line, vectors, and an angle.

Figure 6. Data Process Template 1, Sheet 1

The first worksheet defined a line (line AP), vector ሬሬሬሬሬറ
ܵܺ, vector ሬሬሬሬറ
ܵܲ, and the angle of
ሬሬሬሬሬറ and ܵܲ
ሬሬሬሬറ. Once these measurements were defined, the apex of the iliac crest, relative
vectors ܵܺ
to the iliac breadth/line AP, at an angle of 90.0 to 90.5 degrees was found. To find the apex, the
total number of points on the calculated AP line was changed, either adding or subtracting
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points, until the longest distance of vector ሬሬሬሬሬറ
ܵܺ had an angle that was between 90.0 and 90.5
degrees.
When copying and pasting data points from the first worksheet to the second worksheet,
for example the apex data point, a point above and below the actual data point were also copied.
The three points were taken to provide an average thereby minimizing error introduced by the
uneven surface found on the os Coxa. Once the apex had been located, the three coordinate
points of the apex, along with the three coordinate points for the vector ሬሬሬሬሬറ
ܵܺ were copied and
pasted into the second worksheet in their respective locations. The data point of the apex, along
with the total number of points for the specimen were entered into their assigned location. As
ሬሬሬሬሬറ, the data point of the apex,
soon as the three points of the apex, the three points of the vector ܵܺ
and the total number of points were copied into their proper location, the worksheet was
programmed to calculate which sets of three points were needed for each of the 17 chords.
These points were then copied and pasted into the designated location from worksheet one.
When the assigned three data points for each of the chords were pasted into their respective
location, Excel was programmed to calculate all 42 variables.

Calculations
Once the three dimensional coordinate data was entered into Rhinoceros and exported
into Microsoft Office Excel, the data was translated into linear distances. This translation was a
multi-step process that required a series of trigonometric functions and vector calculus. The
process was broken down into five steps. The first step was to define a line, the iliac breadth,
with three dimensional coordinates (Figure 7).
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P

A

Figure 7. Iliac Breadth A-P Line

Equations (1.1) through (1.3) were used to define the iliac breadth (line AP) (Marsden and
Tromba, 2003:15).
ܺ = ܺ + ݐܣ

(1.1)

ܻ = ܻ + ݐܤ

(1.2)

ܼ = ܼ + ݐܥ

(1.3)

X, Y, and Z were three dimensional coordinates (X,Y,Z) representing points on the line at a
given time (t). Point (X0,Y0,Z0) was the first point to be digitized. When the specimens were
digitized in this study, the starting point was the most anterior point of the medial aspect of the
iliac crest, noted as A, while the ending point was the most posterior point of the medial aspect
of the iliac crest, noted as P. Point P was represented by (A,B,C) and was found by taking the
average of the last three sample points.
The next step was to define vectors from points on the iliac breadth, S, to corresponding
points on the iliac crest, X (Figure 8).
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X
ሬሬሬሬറ
ܵܺ
P

A
S

Figure 8. Vector ሬሬሬሬሬറ
ܵܺ

Initially, the corresponding points were determin
determined
ed by taking the (t) term from equation
e
(1.1)(1.3) and defining it as having a range between 0 and 1. By making each step of (t) = 1/(# of
sample points on the
he AP curve), the AP line was broken into a number of segments equal to the
number of points defining the curve. Equation (2.1) was the theoretical equation to find this
vector (Marsden and Tromba,, 2003:12
2003:12).
ሬሬሬሬሬറ
ܵܺറ = ሺܺ − ܺௌ ሻ + ሺܻ − ܻௌ ሻ + ሺܼ − ܼௌ ሻ

(2.1)

Because of the
he complexity of equation (2.1), it was broken down into three smaller equations,
equation (2.2) to (2.4), for excel to properly calculate the vector.
ܺௌ
ሬሬሬሬሬറ = ܺ − ܺௌ

(2.2)

ܻሬሬሬሬሬറ
ௌ = ܻ − ܻௌ

(2.3)

ܼௌ
ሬሬሬሬሬറ = ܼ − ܼௌ

(2.4)

(XSX,YSX,,ZSX) wass the coordinate representation of the ሬሬሬሬሬറ
ܵܺ vector.
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With a series of vectors defined between the AP line and the measured curve, the angle of
each vector must be determined before the apex can be located. Calculation of the angle
between the AP line and measured curve required an additional vector defined for each point (S)
along the AP line. These vectors each started at a point (S) on the line and extend along the line
toward point P (Figure 9).

X

ሬሬሬሬሬറ
ܵܺ

P
ሬሬሬሬറ
ܵܲ

A

S

Figure 9. Vector ሬሬሬሬറ
ܵܲ

Equation (3.1) was used to represent this vector (Marsden and Tromba, 2003:12).
ሬሬሬሬറ
ܵܲ = ሺܺ − ܺௌ ሻ + ሺܻ − ܻௌ ሻ + ሺܼ − ܼௌ ሻ

(3.1)

As with the previous vector, equation (3.1) was too complicated to calculate in excel, thus
equations (3.2) through (3.4) were used (Marsden and Tromba, 2003:12).

ܺሬሬሬሬሬറ
ௌ = ܺ − ܺௌ

(3.2)

ܻௌ
ሬሬሬሬሬറ = ܻ − ܻௌ

(3.3)
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ܼௌ
ሬሬሬሬሬറ = ܼ − ܼௌ

(3.4)

ሬሬሬሬറ vector.
(XSP,YSP,ZSP) was the coordinate representation of the ܵܲ
Once the breadth and both vectors were determined, the angle, AN, between vectors ሬሬሬሬሬറ
ܵܺ
ሬሬሬሬറ was calculated (Figure 10).
and ܵܲ

X
P

ሬሬሬሬሬറ
ܵܺ

AN

A

ሬሬሬሬറ
ܵܲ

S

Figure 10. Angle of Vectors ሬሬሬሬሬറ
ܵܺ and ሬሬሬሬറ
ܵܲ

To determine the angle, two alternate equations were utilized as a result of the theoretical
equation being too complex for excel. Equation (4.1) was the theoretical equation (Marsden and
Tromba, 2003:26-27).
ሬሬሬሬሬሬറ ∙ ܵܲ
ሬሬሬሬറ = ฮܵܺ
ሬሬሬሬሬറฮ ฮܵܲ
ሬሬሬሬറฮ cos ߠ
ܵܺ

(4.1)

Where
ሬሬሬሬሬሬറ
ሬሬሬሬറ = ൫ܺሬሬሬሬሬറ ൯ ൫ܺሬሬሬሬሬറ ൯ + ൫ܻሬሬሬሬሬറ ൯ ൫ܻሬሬሬሬሬറ ൯ + ൫ܼሬሬሬሬሬറ ൯ ൫ܼሬሬሬሬሬറ ൯
ܵܺ ∙ ܵܲ
ௌ
ௌ
ௌ
ௌ
ௌ
ௌ
ଶ
ଶ
ଶ
ሬሬሬሬሬറฮ = ට൫ܺሬሬሬሬሬറ
ฮܵܺ
+ ܻሬሬሬሬሬറ
+ ܼሬሬሬሬሬറ
൯
ௌ
ௌ
ௌ
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(4.2)
(4.3)

ଶ
ଶ
ଶ
ሬሬሬሬറฮ = ට൫ܺሬሬሬሬሬറ
ฮܵܲ
+ ܻሬሬሬሬሬറ
+ ܼሬሬሬሬሬറ
൯
ௌ
ௌ
ௌ

(4.4)

and ߠ was equal to the angle created by vector ሬሬሬሬሬറ
ܵܺ and ሬሬሬሬറ
ܵܲ. By rearranging equation (4.1) the
desired angle was solved for by equations (4.5) and (4.6).
ሬሬሬሬሬറ∙ ௌ
ሬሬሬሬሬറ
ௌ

cos ߠ = ൬ฮௌ
൰
ሬሬሬሬሬറฮ ฮௌ
ሬሬሬሬሬറฮ
ሬሬሬሬሬറ∙ ௌ
ሬሬሬሬሬറ
ௌ

ߠ = cos ିଵ ൬ฮௌ
൰
ሬሬሬሬሬറฮ ฮௌ
ሬሬሬሬሬറฮ

(4.5)
(4.6)

The final step in translating the coordinate data into linear dimensions was to determine the
ܵܺ. This was accomplished by using equation (4.3).
length of vector ሬሬሬሬሬറ

Analytical Methods
Four different types of analysis were utilized to interpret the calculated data.

These

analyses included descriptive statistics, univariate sectioning points, independent t-tests, and
proportional analysis. All analyses were conducted on the calibration and independent test
samples. The descriptive statistics were separated by sex and included the mean, standard
deviation, the maximum, and minimum values for each measurement. The descriptive statistics
were used to identify differences in means between females and males, to evaluate univariate
variation among the sexes and to establish ranges for all measurements.
Univariate sectioning points were used to identify the accuracy of correct classification
for each variable. The univariate sectioning points were calculated using the mean for each
variable. From the sectioning points each measurement’s mean, for both females and males,
were classified as hypermale, male, female, or hyperfemale. Additionally, correct classification
percentages were calculated for the sciatic notch data. Each specimen was assigned a score of
hypermale, male, female, or hyperfemale, which was then compared to the known sex. To
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obtain the correct classification percentages for the sciatic notch data, the number of correct sex
classification was divided by the total number of samples.
For all measurements, Independent t-tests were conducted on the female and male means.
Independent t-tests detected statistically significant differences in the means of females and
males. For this study, statistical significance was determined using a conservative α-level of .01,
where P < .01.
Proportional analysis of four measurements, all breadths and subtense, were conducted in
an attempt to standardize the ilium for size. From these four measurements, three different
proportions of the iliac blade were calculated. The anterior proportion was found by dividing the
anterior breadth by the iliac breadth, while the posterior proportion was calculated by dividing
the posterior breadth by the iliac breadth. The final proportion, height/breadth proportion, was
derived from dividing the subtense by the iliac breadth.
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CHAPTER 4
RESULTS

Introduction
This chapter presents the results obtained from the analytical methods preformed on the
collected data. Tables are supplied throughout this section to summarize the results of the data.
The presentation of the results begins with descriptive statistics and continues to univarite
sectioning points, Independent t-tests, and proportion analysis.

Descriptive Statistics
Descriptive statistics were calculated for all variables in the calibration and independent
test samples and are provided in Tables 4-7. The descriptive statistics are separated by sex and
sample and included the mean, standard deviation, maximum values, and minimum values. The
results suggested that in the calibration sample the male means were larger for all variables;
while in the independent test sample females had larger means for several variables.
Additionally, the results showed that both female and males are relatively variable, with females
being more so than males in numerous measurements.
In the calibration sample, all of the female means were smaller than the male means, with
the exception of angle 7 (Tables 4 and 5).
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Table 4. Female Descriptive Statistics for the Calibration Sample (n=75)
Variable
Iliac Breadth
Anterior Breadth
Posterior Breadth
Subtense at 90 Degrees
Anterior Length
Posterior Length
Total Triangular Area
Anterior Triangular Area
Posterior Triangular Area
Chord 1
Chord 2
Chord 3
Chord 4
Chord 5
Chord 6
Chord 7
Chord 8
Chord 9
Chord 10
Chord 11
Chord 12
Chord 13
Chord 14
Chord 15
Chord 16
Chord 17
Angle 2
Angle 3
Angle 4
Angle 5
Angle 6
Angle 7
Angle 8
Angle 9
Angle 10
Angle 11
Angle 12
Angle 13
Angle 14
Angle 15
Angle 16
Angle 17

Female Mean
145.8122
67.8665
77.9461
66.4294
94.9277
102.8083
4855.4703
2258.5580
2596.9243
159.1955
160.7298
164.7156
170.2979
174.4206
177.2410
180.4306
184.4972
187.2899
185.5786
182.2101
175.7298
167.4050
157.6695
147.8197
139.5345
134.1443
4.9228
4.8025
4.7497
4.7632
4.6277
4.6173
4.4594
4.6539
5.0508
4.1326
4.0561
3.9571
3.9075
3.5873
3.3978
2.8135

Female Std.
7.7471
9.6303
8.5374
6.1105
8.6654
8.5884
629.4712
402.8768
424.6928
9.6675
10.8956
11.4435
11.5625
11.5326
11.9673
11.0560
10.9717
10.7626
10.6633
10.5328
10.5952
10.4750
10.2623
9.7243
9.1996
8.8613
0.8374
0.7907
0.8525
0.7821
0.6872
0.6330
0.7017
0.6029
0.6256
0.5858
0.6599
0.6568
0.6480
0.7294
0.5660
0.5624
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Female Max.
164.8472
94.2183
98.9674
79.8910
111.6305
123.5919
6560.4000
3078.4224
3759.6919
180.1933
183.9318
189.0698
194.7216
199.7968
202.6668
202.3033
205.9925
208.8422
208.6361
205.2253
200.2291
188.8223
179.4650
168.4006
158.8208
153.1543
6.7486
7.6735
7.3411
7.0887
6.3910
6.3494
5.8101
6.1692
7.0371
5.8918
6.6132
5.7183
5.1740
5.2778
4.6452
4.1071

Female Min.
133.0348
47.6774
53.0055
55.1792
76.4300
79.6699
3837.8199
1432.5194
1566.4616
125.8866
121.3964
121.1225
125.4741
126.4587
133.6520
146.7333
153.2758
158.4912
158.1101
156.9647
150.8712
142.2502
132.6190
127.1056
119.5650
115.3656
2.8611
2.7449
1.9613
2.8920
2.5064
2.5803
2.5667
2.9286
3.8196
2.8555
2.2701
2.4862
2.1633
1.9725
2.2289
1.1869

Table 5. Male Descriptive Statistics for the Calibration Sample (n=75)
Variable
Iliac Breadth
Anterior Breadth
Posterior Breadth
Subtense at 90 Degrees
Anterior Length
Posterior Length
Total Triangular Area
Anterior Triangular Area
Posterior Triangular Area
Chord 1
Chord 2
Chord 3
Chord 4
Chord 5
Chord 6
Chord 7
Chord 8
Chord 9
Chord 10
Chord 11
Chord 12
Chord 13
Chord 14
Chord 15
Chord 16
Chord 17
Angle 2
Angle 3
Angle 4
Angle 5
Angle 6
Angle 7
Angle 8
Angle 9
Angle 10
Angle 11
Angle 12
Angle 13
Angle 14
Angle 15
Angle 16
Angle 17

Male Mean
150.6208
70.6022
80.0188
75.3463
103.2071
110.4249
5684.7963
2666.2402
3018.5640
161.1428
162.8310
167.3511
173.0546
177.7422
180.8758
185.5100
189.9918
193.4690
191.1898
186.9355
179.6333
170.1406
159.4470
148.8412
140.1156
134.4170
5.1921
5.1297
4.9750
4.9698
4.7926
4.4865
4.6472
4.7147
5.3959
4.6207
4.3704
4.1233
4.0946
4.0486
3.8573
3.2463

Male Std.
9.2064
9.7596
10.0579
5.9040
8.6955
8.9310
667.2391
470.7624
475.7377
9.6959
11.0188
11.2523
10.7268
10.5263
10.3584
9.4503
8.7541
8.7618
8.4196
8.6194
8.9181
9.0659
8.8172
8.2611
7.7308
7.8197
0.8617
0.8352
0.8886
0.7585
0.7912
0.7047
0.5506
0.5274
0.6617
0.6797
0.7255
0.6765
0.6352
0.8166
0.6542
0.7822
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Male Max.
170.7948
93.8779
108.7965
90.1737
125.6820
138.8821
7289.4134
3951.7392
4660.6194
184.8730
188.4733
193.5164
199.1690
203.0849
206.3925
208.0195
210.3879
214.1373
210.0686
205.7686
198.9804
190.0455
179.0984
167.3030
156.0156
153.0458
7.6940
6.9625
7.0108
7.0327
6.7634
6.3286
6.2115
6.3273
7.1047
6.8334
5.9683
6.0152
5.9026
6.6482
5.4313
5.2424

Male Min.
128.6421
51.4543
63.5286
63.9110
84.9323
91.6771
4113.3638
1751.1417
2091.9900
143.7413
140.7794
144.3689
148.6969
152.6005
157.5800
162.2427
167.2194
171.5994
170.5626
168.0004
159.8612
151.7848
142.2083
132.1343
123.2494
118.6747
3.2514
2.2323
2.1538
3.4452
2.5732
2.2976
3.5423
3.7005
4.0920
3.3206
2.6353
2.7719
1.9231
2.1793
1.6929
1.3988

For this angle, the female mean of 4.6173 degrees was 0.1308 degree larger than the male mean
of 4.4865 degrees. Such findings suggested that there was a size difference, with the male form
larger than that of the female. The female means for the iliac, anterior and posterior breadths,
subtense, and anterior and posterior lengths were smaller than the male means by an average of
5.7383 millimeters (mm) (Tables 4 and 5). The female means for the total, anterior, and
posterior triangular areas were smaller than the male means by an average of 522.8827
millimeters squared (mm2) (Tables 4 and 5). The female means for chords 1-15 were smaller
than the male means by an average of 3.5283 mm (Tables 4 and 5). Chords 16 and 17 female
means were only slightly smaller, an average of 0.4269 mm, than the male means (Tables 4 and
5). Additionally, angles 2-6 and angles 8-17 also had female means that were slightly, an
average of 0.2864 degree, smaller than the male means (Tables 4 and 5).
In all 42 measurements there is extensive variability in both sexes.

All standard

deviations, female and male, were above 5.90 for all breadths, subtense, and anterior and
posterior lengths, above 400.00 for the triangular areas, above 7.73 for all chords, and above 0.52
for all the angles (Tables 4 and 5). In 20 measurements, including the subtense, chords 3-17,
angle 5, angles 8, 9, and 14, females were more variable than males (Tables 4 and 5).
Furthermore, the standard deviation percent of the mean was high for all measurements. A
minimum of 4.40% for all variables was observed (Tables 4 and 5). The anterior and posterior
breadths, all triangular areas, and all angles had the highest standard deviation percentages,
ranging from 10.95% to 24.10% in females and males (Tables 4 and 5).
The female and male range data were consistent with the standard deviation results,
suggesting that the measurements were too variable to be reliable indicators of the female and
male form.

All ranges were moderately large relative to the length/area/degree of the
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measurement. Out of the distance measurements, the largest range was 73.3382 mm, while the
smallest range was 24.7118 mm for females and males (Tables 4 and 5). For the triangular areas,
3176.0496 mm2 was the largest and 1645.9030 mm2 was the smallest for both sexes (Tables 4
and 5). The angles had relatively large ranges, with the smallest range at 2.4163 degrees for
females and males (Tables 4 and 5). Similar to the standard deviations, the female ranges were
larger than the male ranges in 26 measurements. These measurements included the anterior and
posterior breadths, chords 1-17, angles 3-5, angles 8-10 and 12 (Tables 4 and 5).
Unlike the calibration sample means, the independent test sample had 11 measurements
out of the total number of measurements in which the female means were larger than the male
means (Tables 6 and 7). These 11 measurements included the posterior breadth, chords 1-7, and
angles 7-9.
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Table 6. Female Descriptive Statistics for the Independent Test Sample (n=17)
Variable
Iliac Breadth
Anterior Breadth
Posterior Breadth
Subtense at 90 Degrees
Anterior Length
Posterior Length
Total Triangular Area
Anterior Triangular Area
Posterior Triangular Area
Chord 1
Chord 2
Chord 3
Chord 4
Chord 5
Chord 6
Chord 7
Chord 8
Chord 9
Chord 10
Chord 11
Chord 12
Chord 13
Chord 14
Chord 15
Chord 16
Chord 17
Angle 2
Angle 3
Angle 4
Angle 5
Angle 6
Angle 7
Angle 8
Angle 9
Angle 10
Angle 11
Angle 12
Angle 13
Angle 14
Angle 15
Angle 16
Angle 17

Female Mean
146.0609
65.1956
80.8656
67.3385
93.7875
105.6466
4934.4685
2206.4721
2728.0053
156.9433
158.9671
163.4676
168.6940
174.1096
177.0918
179.7276
183.3619
185.7653
184.2070
180.5851
174.4834
166.1842
156.6918
146.8396
137.8479
132.2692
4.8046
4.8877
4.9555
4.9384
5.1199
5.0374
4.6587
4.9904
5.1089
4.1432
3.9478
4.0300
3.8707
3.4665
3.6060
3.0121

Female Std.
9.0634
10.9214
10.1141
6.9229
10.2873
9.6088
713.5772
494.9593
473.5367
8.1914
10.0221
10.5045
9.2220
8.4979
8.1003
8.2949
8.8600
8.8981
9.2569
10.0303
10.2921
10.2934
9.8893
9.4438
9.0136
9.1141
0.8631
0.7775
1.0245
0.6746
0.7503
0.8177
0.8758
0.7922
0.7409
0.5629
0.5409
0.6004
0.6400
0.6121
0.6071
0.5697
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Female Max.
164.7991
82.6673
104.3988
78.4475
108.8717
124.9294
5950.2104
2962.6393
3572.6817
169.8228
171.1295
175.9030
182.3555
185.5332
188.6239
196.0090
201.0674
203.0658
202.1855
199.8712
190.5761
178.8960
171.3392
161.5212
154.3946
148.4193
6.3833
6.2359
6.4486
6.8369
6.5656
7.3370
6.3748
6.4217
6.4413
4.9653
5.2168
5.0100
5.0129
4.3052
4.6367
4.1727

Female Min.
132.6394
47.6557
67.4904
53.2783
75.5884
87.0673
3630.4289
1437.9263
1847.2586
142.0567
140.8611
144.8055
151.3313
158.5514
163.3183
167.7894
169.3535
173.9468
171.7413
165.1489
157.5889
149.1352
140.8429
131.2607
124.0404
117.5284
3.2888
3.6691
2.6438
3.9328
3.7256
4.0386
3.0658
4.0000
3.8299
3.2140
3.3623
3.0236
2.7035
2.3501
2.3649
2.1325

Table 7. Male Descriptive Statistics for the Independent Test Sample (n=17)
Variable
Iliac Breadth
Anterior Breadth
Posterior Breadth
Subtense at 90 Degrees
Anterior Length
Posterior Length
Total Triangular Area
Anterior Triangular Area
Posterior Triangular Area
Chord 1
Chord 2
Chord 3
Chord 4
Chord 5
Chord 6
Chord 7
Chord 8
Chord 9
Chord 10
Chord 11
Chord 12
Chord 13
Chord 14
Chord 15
Chord 16
Chord 17
Angle 2
Angle 3
Angle 4
Angle 5
Angle 6
Angle 7
Angle 8
Angle 9
Angle 10
Angle 11
Angle 12
Angle 13
Angle 14
Angle 15
Angle 16
Angle 17

Male Mean
150.8737
72.1360
78.7379
77.9908
106.0674
111.2554
5907.3097
2831.4516
3075.8649
154.6813
156.8404
160.2888
165.6005
171.5584
175.3974
179.6516
185.6964
189.6973
187.9835
184.1678
177.5570
168.1129
157.7789
147.2953
138.1298
132.4916
5.6556
5.4371
5.1017
5.1141
5.2153
4.6575
4.6006
4.7897
5.6218
4.9458
4.6750
4.5017
4.4717
4.0419
3.8355
3.2479

Male Std.
11.5216
9.7329
7.7326
6.7277
10.2936
8.0079
924.2473
586.1959
467.1419
7.0147
9.1255
9.4368
8.7452
8.1677
8.5191
9.2434
8.7486
8.4357
8.6404
9.4464
10.1585
9.9246
9.9696
9.0717
9.3199
9.2012
1.2700
0.8298
0.7425
0.8423
0.6845
0.7961
0.6854
0.6835
0.6999
0.5063
0.7785
0.6737
0.7146
0.9501
0.5524
0.7131
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Male Max.
180.6894
88.7706
93.5471
97.3793
131.1440
134.4959
8797.7036
4298.1543
4499.5506
170.5742
174.7925
179.8651
185.6798
190.7809
194.0217
200.2363
203.9197
207.2379
205.2282
201.8805
196.9694
186.7104
177.0658
166.3917
161.0216
155.0134
9.5368
6.6566
6.3962
6.5773
6.8821
5.8569
5.9234
5.8797
7.1829
5.8409
6.2227
5.9460
5.9177
6.0734
4.8057
4.6843

Male Min.
131.1129
52.7849
62.8487
67.9063
93.0300
102.3762
4871.7803
2030.8935
2585.3841
142.4392
144.8091
145.7682
154.5151
161.5682
164.3936
168.5451
175.4310
180.7957
178.0186
172.6744
166.6160
157.4639
143.2622
135.0977
126.3164
120.6697
3.9679
3.5632
3.5237
3.4733
4.4253
2.7121
3.1678
3.4658
4.5314
3.7505
3.6286
3.2858
2.9763
2.3741
2.8470
1.8583

The standard deviations for the independent sample were slightly higher than the
calibration sample. In females and males, the standard deviations were greater than 6.72 for the
breadths, subtense, and anterior and posterior lengths, larger than 467.14 for the triangular areas,
more than 7.01 for all chords, and greater than 0.50 for the angles (Figures 6 and 7). Females
were more variable than males in the anterior and posterior breadths, subtense, posterior length,
posterior triangular area, chords 1-5, chords 8-13 and 15, and angles 4, 6-11, and 16 (Figures 6
and 7). Similarly, the standard deviation percent of the mean was relatively high. A minimum
of 4.45% for all variables was observed (Figures 6 and 7). The anterior and posterior breadths,
all triangular areas, and all angles had the highest standard deviation percentages, ranging from
9.82% to 23.51% in females and males (Figures 6 and 7).
In contrast, the independent test sample ranges were relatively smaller than the
calibration sample ranges. The largest range for the distance measurements in females and males
was 49.5764, while the smallest range was 25.1692 (Figures 6 and 7). For the triangular areas
the largest range was 3925.9233 and the smallest was 1524.7130 in males and females (Figures 6
and 7). The smallest range for the angles was 1.7513 for females and males (Figures 6 and 7).
Despite the smaller ranges in the independent test sample, the measurements were still
considered variable.

Univariate Sectioning Points
Univariate sectioning points were calculated using each variable’s mean. From these
sectioning points each specimen was classified as hypermale, male, female, or hyperfemale. The
new assigned sex was then calculated into a correct classification percentage. The assigned
correct classification percentages for all variables are provided in Tables 8 and 9. In the
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Table 8. Univariate Correct Classification Results for the Calibration Sample
Female Correct
Male Correct
Pooled Correct
Variable
Classification (n=75)
Classification (n=75)
Classification (n=150)
Iliac Breadth
46 ( 61.33% )
44 ( 58.67% )
90 ( 60.00% )
Anterior Breadth
39 ( 52.00% )
44 ( 58.67% )
83 ( 55.33% )
Posterior Breadth
39 ( 52.00% )
37 ( 49.33% )
76 ( 50.67% )
Subtense at 90 Degrees
57 ( 76.00% )
57 ( 76.00% )
114 ( 76.00% )
Anterior Length
51 ( 68.00% )
51 ( 68.00% )
102 ( 68.00% )
Posterior Length
51 ( 68.00% )
48 ( 64.00% )
99 ( 66.00% )
Total Triangular Area
56 ( 74.67% )
55 ( 73.33% )
111 ( 74.00% )
Anterior Triangular Area
54 ( 72.00% )
51 ( 68.00% )
105 ( 70.00% )
Posterior Triangular Area
53 ( 70.67% )
49 ( 65.33% )
102 ( 68.00% )
Chord 1
42 ( 56.00% )
39 ( 52.00% )
81 ( 54.00% )
Chord 2
41 ( 54.67% )
40 ( 53.33% )
81 ( 54.00% )
Chord 3
46 ( 61.33% )
42 ( 56.00% )
88 ( 58.67% )
Chord 4
41 ( 54.67% )
42 ( 56.00% )
83 ( 55.33% )
Chord 5
41 ( 54.67% )
44 ( 58.67% )
85 ( 56.67% )
Chord 6
39 ( 52.00% )
47 ( 62.67% )
86 ( 57.33% )
Chord 7
44 ( 58.67% )
47 ( 62.67% )
91 ( 60.67% )
Chord 8
44 ( 58.67% )
46 ( 61.33% )
90 ( 60.00% )
Chord 9
43 ( 57.33% )
46 ( 61.33% )
89 ( 59.33% )
Chord 10
44 ( 58.67% )
47 ( 62.67% )
91 ( 60.67% )
Chord 11
41 ( 54.67% )
46 ( 61.33% )
87 ( 58.00% )
Chord 12
39 ( 52.00% )
43 ( 57.33% )
82 ( 54.67% )
Chord 13
37 ( 49.33% )
41 ( 54.67% )
78 ( 52.00% )
Chord 14
40 ( 53.33% )
39 ( 52.00% )
79 ( 52.67% )
Chord 15
39 ( 52.00% )
42 ( 56.00% )
81 ( 54.00% )
Chord 16
38 ( 50.67% )
42 ( 56.00% )
80 ( 53.33% )
Chord 17
37 ( 49.33% )
39 ( 52.00% )
76 ( 50.67% )
Angle 2
44 ( 58.67% )
46 ( 61.33% )
90 ( 60.00% )
Angle 3
40 ( 53.33% )
45 ( 60.00% )
85 ( 56.67% )
Angle 4
38 ( 50.67% )
45 ( 60.00% )
83 ( 55.33% )
Angle 5
45 ( 60.00% )
40 ( 53.33% )
85 ( 56.67% )
Angle 6
40 ( 53.33% )
40 ( 53.33% )
80 ( 53.33% )
Angle 7
33 ( 44.00% )
39 ( 52.00% )
72 ( 48.00% )
Angle 8
42 ( 56.00% )
39 ( 52.00% )
81 ( 54.00% )
Angle 9
36 ( 48.00% )
39 ( 52.00% )
75 ( 50.00% )
Angle 10
47 ( 62.67% )
45 ( 60.00% )
92 ( 61.33% )
Angle 11
49 ( 65.33% )
45 ( 60.00% )
94 ( 62.67% )
Angle 12
47 ( 62.67% )
45 ( 60.00% )
92 ( 61.33% )
Angle 13
41 ( 54.67% )
37 ( 49.33% )
78 ( 52.00% )
Angle 14
37 ( 49.33% )
42 ( 56.00% )
79 ( 52.67% )
Angle 15
50 ( 66.67% )
46 ( 61.33% )
96 ( 64.00% )
Angle 16
49 ( 65.33% )
49 ( 65.33% )
98 ( 65.33% )
Angle 17
48 ( 64.00% )
48 ( 64.00% )
96 ( 64.00% )

55

Table 9. Univariate Correct Classification Results for the Independent Test Sample
Female Correct
Male Correct
Pooled Correct
Variable
Classification (n=17)
Classification (n=17)
Classification (n=34)
Iliac Breadth
10 ( 58.82% )
7 ( 41.18% )
17 ( 50.00% )
Anterior Breadth
12 ( 70.59% )
12 ( 70.59% )
24 ( 70.59% )
Posterior Breadth
8 ( 47.06% )
7 ( 41.18% )
15 ( 44.12% )
Subtense at 90 Degrees
12 ( 70.59% )
16 ( 94.12% )
28 ( 82.35% )
Anterior Length
11 ( 64.71% )
13 ( 76.47% )
24 ( 70.59% )
Posterior Length
12 ( 70.59% )
10 ( 58.82% )
22 ( 64.71% )
Total Triangular Area
11 ( 64.71% )
14 ( 82.35% )
25 ( 73.53% )
Anterior Triangular Area
11 ( 64.71% )
13 ( 76.47% )
24 ( 70.59% )
Posterior Triangular Area
12 ( 70.59% )
10 ( 58.82% )
22 ( 64.71% )
Chord 1
10 ( 58.82% )
3 ( 17.65% )
13 ( 38.24% )
Chord 2
10 ( 58.82% )
5 ( 29.41% )
15 ( 44.12% )
Chord 3
9 ( 52.94% )
4 ( 23.53% )
13 ( 38.24% )
Chord 4
10 ( 58.82% )
4 ( 23.53% )
14 ( 41.18% )
Chord 5
9 ( 52.94% )
4 ( 23.53% )
13 ( 38.24% )
Chord 6
9 ( 52.94% )
5 ( 29.41% )
14 ( 41.18% )
Chord 7
35.29%
10 ( 58.82% )
6 (
)
16 ( 47.06% )
Chord 8
10 ( 58.82% )
5 ( 29.41% )
15 ( 44.12% )
Chord 9
10 ( 58.82% )
6 ( 35.29% )
16 ( 47.06% )
Chord 10
10 ( 58.82% )
6 ( 35.29% )
16 ( 47.06% )
Chord 11
9 ( 52.94% )
7 ( 41.18% )
16 ( 47.06% )
Chord 12
9 ( 52.94% )
7 ( 41.18% )
16 ( 47.06% )
Chord 13
9 ( 52.94% )
7 ( 41.18% )
16 ( 47.06% )
Chord 14
9 ( 52.94% )
7 ( 41.18% )
16 ( 47.06% )
Chord 15
9 ( 52.94% )
5 ( 29.41% )
14 ( 41.18% )
Chord 16
10 ( 58.82% )
5 ( 29.41% )
15 ( 44.12% )
Chord 17
10 ( 58.82% )
6 ( 35.29% )
16 ( 47.06% )
Angle 2
10 ( 58.82% )
13 ( 76.47% )
23 ( 67.65% )
Angle 3
10 ( 58.82% )
12 ( 70.59% )
22 ( 64.71% )
Angle 4
6 ( 35.29% )
10 ( 58.82% )
16 ( 47.06% )
Angle 5
8 ( 47.06% )
13 ( 76.47% )
21 ( 61.76% )
Angle 6
4 ( 23.53% )
12 ( 70.59% )
16 ( 47.06% )
Angle 7
6 ( 35.29% )
10 ( 58.82% )
16 ( 47.06% )
Angle 8
7 ( 41.18% )
9 ( 52.94% )
16 ( 47.06% )
Angle 9
8 ( 47.06% )
9 ( 52.94% )
17 ( 50.00% )
Angle 10
8 ( 47.06% )
12 ( 70.59% )
20 ( 58.82% )
Angle 11
11 ( 64.71% )
16 ( 94.12% )
27 ( 79.41% )
Angle 12
12 ( 70.59% )
12 ( 70.59% )
24 ( 70.59% )
Angle 13
9 ( 52.94% )
12 ( 70.59% )
21 ( 61.76% )
Angle 14
9 ( 52.94% )
14 ( 82.35% )
23 ( 67.65% )
Angle 15
12 ( 70.59% )
9 ( 52.94% )
21 ( 61.76% )
Angle 16
8 ( 47.06% )
12 ( 70.59% )
20 ( 58.82% )
Angle 17
10 ( 58.82% )
10 ( 58.82% )
20 ( 58.82% )
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calibration and independent test samples, 17 and 15 variables, respectively, had pooled correct
classification percentages of 60.00%-94.12% (Tables 8 and 9).
In the calibration sample, several dimensions have a moderate correct classification
percentage ranging from 60% - 76% (Table 8). These dimensions included the iliac breadth,
subtense, anterior and posterior lengths, all triangular areas, chords 7-8 and 10, and angles 2, 1012, and 15-17 (Table 8). For these variables, only the subtense, anterior length and angles 16
and 17 had equal female and male classification percentages (Table 8). Females classified at a
higher percentage for the iliac breadth, posterior length, all triangular areas, angles 10-12, and
angle 15, while males classified higher in chords 7, 8, and 10 (Table 8). The best classifier was
the subtense, which had the highest classification percentage for males, females, and pooled at
76% (Table 8).
The independent test sample correct classification percentage data confirmed that
dimensions of the iliac blade and select angles from the iliac crest had the highest percentages
out of all variables (Table 9). Dimensions such as the subtense, anterior and posterior lengths,
all triangular areas, angle 2, angles 11, 12 and 15 had a pooled correct classification percentage
of at least 60% in both samples (Table 9). Additionally, females and males from the test sample
classified differently and the best classifier for this sample was the subtense, which classified
females at 70.59%, males at 94.12%, and pooled at 82.3% (Table 9).
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Independent t-tests
Independent t-tests were conducted on female and male means of all measurements.
Independent t-tests tested for statistically significant differences in the female and male means.
If the means were found to be statistically different than sexual dimorphism was concluded.
Statistical significance was determined using an α-level of 0.01 for the independent t-tests, where
P < 0.01. The independent t-test results are provided in Tables 10 and 11. The calibration
sample showed 18 significant variables; whereas the independent test sample only exhibited six
significant measurements (Tables 10 and 11).

Table 10. Statistically Significant Variables* for the Calibration Sample
Female Mean Male Mean Female Variance Male Variance
Variable
(n=75)
(n=75)
(n=75)
(n=75)
Iliac Breadth
145.8122
150.6208
60.0180
84.7584
Subtense at 90 Degrees
66.4294
75.3463
37.3383
34.8567
Anterior Length
94.9277
103.2071
75.0889
75.6122
Posterior Length
102.8083
110.4249
73.7610
79.7634
Total Triangular Area
4855.4703
5684.7963
396234.0029
445207.9804
Anterior Triangular Area
2258.5580
2666.2402
162309.7220
221617.2410
Posterior Triangular Area
2596.9243
3018.5640
180364.0092
226326.3286
Chord 7
180.4306
185.5100
122.2344
89.3080
Chord 8
184.4972
189.9918
120.3788
76.6343
Chord 9
187.2899
193.4690
115.8328
76.7690
Chord 10
185.5786
191.1898
113.7063
70.8896
Chord 11
182.2101
186.9355
110.9402
74.2934
Angle 10
5.0508
5.3959
0.3914
0.4379
Angle 11
4.1326
4.6207
0.3431
0.4620
Angle 12
4.0561
4.3704
0.4354
0.5263
Angle 15
3.5873
4.0486
0.5321
0.6668
Angle 16
3.3978
3.8573
0.3204
0.4280
Angle 17
2.8135
3.2463
0.3163
0.6119
* Significant at P < .01
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Table 11. Statistically Significant Variables* for the Independent Test Sample
Female Mean
Male Mean
Female Variance Male Variance
Variable
(n=17)
(n=17)
(n=17)
(n=17)
Subtense at 90 Degrees
67.3385
77.9908
47.9272
45.2615
Anterior Length
93.7875
106.0674
105.8289
105.9577
Total Triangular Area
4934.4685
5907.3097
509192.4910
854233.0950
Anterior Triangular Area
2206.4721
2831.4516
244984.6979
343625.6819
Angle 11
4.1432
4.9458
0.3169
0.2564
Angle 12
3.9478
4.6750
0.2925
0.6061
*Significant at P < .01

Proportional Analysis
In an attempt to standardize the ilium for size, three different proportions of the iliac
blade were calculated from the calibration and independent test samples (Tables 12 and 13).
Each proportion was calculated for both females and males. The first proportion was the
proportion of the anterior breadth to the iliac breadth. Second, the proportion of the posterior
breadth to the iliac breadth was calculated. These first two proportions were derived from
dividing the anterior/posterior breadth by the overall iliac breadth. Lastly, the proportion of the
subtense relative to the iliac breadth was found by dividing the subtense by the iliac breadth.
In the calibration sample, females and males did not exhibit any proportional differences
in the anterior and posterior proportions. Such a conclusion was made because the male anterior
proportion value was only larger than the female value by 0.0033, while the female posterior
proportion value was only larger than the male by 0.0033 (Table 12).

Table 12. Proportional Analysis Results for the Calibration Sample
Male
Anterior
Posterior
Proportion Proportion
0.4687
0.5313

Height/Breadth
Proportion
0.5002

Anterior
Proportion
0.4654
59

Female
Posterior
Proportion
0.5346

Height/Breadth
Proportion
0.4556

Despite females and males showing no proportional differences in the anterior and posterior
ilium, slight proportional differences in the height to iliac breadth was observed among females
and males. The male height/breadth value of 0.5002 was greater than the female height/breadth
value 0.4556 by 0.0446, thus suggesting that males had relatively higher and narrower iliac
blades than did the females (Table 12).
The independent test sample exhibited different results than the calibration sample by
supporting proportional differences in females and males in the anterior and posterior breadths
along with differences in the height/breadth proportions (Table 13). The male proportion values
were larger than the female proportion values in anterior and height/breadth proportions by
0.0318 and 0.0559 respectively, while females were larger in the posterior proportion by 0.0318
(Table 13).

Table 13. Proportional Analysis Results for the Independent Test Sample

Anterior
Proportion
0.4781

Male
Posterior
Proportion
0.5219

Height/Breadth
Proportion
0.5169

Anterior
Proportion
0.4464

Female
Posterior
Proportion
0.5536

Height/Breadth
Proportion
0.4610

Univariate Sectioning Point and Independent t-tests Comparison Analysis
From the previously discussed analyses, univariate sectioning points and independent ttests, a distinct pattern suggesting sexual dimorphism became evident.

Seven iliac blade

dimensions, including the iliac breadth, subtense, anterior and posterior lengths, and all
triangular areas, five central chords, chords 7-11, and the mid to anterior angles of 10-12 and 1517 were found to be statistically significant along with having the highest classification
percentages for all measurements. This finding is presented in Table 14.
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Confirming the sexual dimorphic indications of certain dimensions of the iliac blade and
iliac crest, the independent test sample also found that the statistically significant variables
indeed had the highest correct classifications. These dimensions include the subtense, anterior
length, total triangular area, anterior triangular area, and angles 11 and 12 (Table 15).

Table 14. Statistically Significant Variables* for the Calibration Sample and Associated Univariate Correct Classification Results
Female Correct
Male Correct
Pooled Correct
Variable
Classification (n=75)
Classification (n=75)
Classification (n=150)
Iliac Breadth
46 ( 61.33% )
44 ( 58.67% )
90 ( 60.00% )
Subtense at 90 Degrees
57 ( 76.00% )
57 ( 76.00% )
114 ( 76.00% )
Anterior Length
51 ( 68.00% )
51 ( 68.00% )
102 ( 68.00% )
Posterior Length
51 ( 68.00% )
48 ( 64.00% )
99 ( 66.00% )
Total Triangular Area
56 ( 74.67% )
55 ( 73.33% )
111 ( 74.00% )
Anterior Triangular Area
54 ( 72.00% )
51 ( 68.00% )
105 ( 70.00% )
Posterior Triangular Area
53 ( 70.67% )
49 ( 65.33% )
102 ( 68.00% )
Chord 7
44 ( 58.67% )
47 ( 62.67% )
91 ( 60.67% )
Chord 8
44 ( 58.67% )
46 ( 61.33% )
90 ( 60.00% )
Chord 9
43 ( 57.33% )
46 ( 61.33% )
89 ( 59.33% )
Chord 10
44 ( 58.67% )
47 ( 62.67% )
91 ( 60.67% )
Chord 11
41 ( 54.67% )
46 ( 61.33% )
87 ( 58.00% )
Angle 10
47 ( 62.67% )
45 ( 60.00% )
92 ( 61.33% )
Angle 11
49 ( 65.33% )
45 ( 60.00% )
94 ( 62.67% )
Angle 12
47 ( 62.67% )
45 ( 60.00% )
92 ( 61.33% )
Angle 15
50 ( 66.67% )
46 ( 61.33% )
96 ( 64.00% )
Angle 16
49 ( 65.33% )
49 ( 65.33% )
98 ( 65.33% )
Angle 17
48 ( 64.00% )
48 ( 64.00% )
96 ( 64.00% )
* Significant at P < .01

Table 15. Statistically Significant Variables* for the Independent Test Sample and Associated Univariate Correct Classification Results
Female Correct
Male Correct
Pooled Correct
Variable
Classification (n=17)
Classification (n=17)
Classification (n=34)
Subtense at 90 Degrees
12 ( 70.59% )
16 ( 94.12% )
28 ( 82.35% )
Anterior Length
11 ( 64.71% )
13 ( 76.47% )
24 ( 70.59% )
Total Triangular Area
11 ( 64.71% )
14 ( 82.35% )
25 ( 73.53% )
Anterior Triangular Area
11 ( 64.71% )
13 ( 76.47% )
24 ( 70.59% )
Angle 11
11 ( 64.71% )
16 ( 94.12% )
27 ( 79.41% )
Angle 12
12 ( 70.59% )
12 ( 70.59% )
24 ( 70.59% )
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Univariate Correct Classification for the Sciatic Notch
For both the calibration and the independent test samples, univariate correct classification
percentages were calculated by dividing the correctly classified sex by the total number of
samples. The correct classification percentages for females and males in the calibration and
independent test samples are presented in Table 16.

Table 16. Univariate Correct Classification Results for the Sciatic Notch in the Calibration and Independent
Test Samples
Male
Calibration Sample
(n=74)
23 ( 31.08% )

Independent Test Sample
(n=17)
10 ( 58.82% )

Calibration Sample
(n=74)
69 ( 93.24% )

Female
Independent Test Sample
(n=16)
13 ( 81.25% )

In the calibration sample, females had a correct classification percentage of 93.24%, while males
had a significantly lower correct classification of 31.08%. The independent test sample was
consistent with the calibration sample by the females being able to correctly classify at a
relatively high percent, 81.25%, where as the males were only able to correctly classify at
58.82%.
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CHAPTER 5
DISCUSSION

Introduction
What has been set forth in these pages is a new protocol that examines potential sexual
dimorphism in the iliac crest and associated iliac blade. In accordance with the proposed metric
protocol, the resulting data provides slight indications of sexual dimorphism of various pelvic
dimensions, which represent both size and shape differences. Although sexual dimorphism is
less marked and classification is moderately low, differences are observed in the male and
female ilium and iliac crest. Further investigation and refinement of this method should be
sought before it is put into practice. This chapter will discuss in detail the metric results, the
morphological implications of these results, whether or not the results confirm previous studies,
and how further investigation and refinement of this method could supplement the proposed
research question.

Metric Results
Descriptive Statistics
The descriptive statistics of the White female and male calibration sample suggested that
there were slight differences in the means of the two groups (Tables 4 and 5). Such differences
indicated that the male os Coxa is overall relatively larger in size than the female os Coxa.
Indeed, there was significant variation as reflected in the associated standard deviations for all
variables in the data set. Females were more variable than males in several measurements
(Tables 4 and 5). The extent of the observed variation blurs the distinction between the female
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and male form, and the results presented here suggest that all of the quantitative observations
provide less distinct clarification of sexual dimorphism than was initially expected. However
differences between female and male form did exhibit itself, even if only slightly.
The independent test sample data were comparatively consistent with the calibration
sample, with only minor differences.

Overall, the test sample confirmed that there were

indications of differences in means between males and females, there was significant variation
throughout all variables, and females were more variable than males in several measurements
(Tables 6 and 7). The standard deviations and standard deviation percent of the mean were
similar in the two samples, while marked differences in the means and ranges were observed.
Eleven measurements, posterior breadth, chords 1-7, and angles 7-9, had larger female means
than male means (Tables 6 and 7). This possibly suggests that there was a difference in means,
but blurs any indications of size difference between the male and female form.

Univariate Sectioning Points
The univariate sectioning points presented distinct trends in the data. These trends
suggest that dimensions of the iliac blade, namely the subtense, had higher classification
percentages than the associated iliac crest dimensions. Although the iliac blade classification
percentages were more distinct than the iliac crest dimensions, neither was high enough to be
considered accurate discriminators of sexual dimorphism.
In the calibration sample data a discernable pattern was apparent. This pattern was also
shown to be consistent in the independent test sample. Out of all of the variables, several
dimensions of the iliac blade, the central chords, and several angles had the highest pooled
classification percentages at 60% - 76% (Table 8). These dimensions include the iliac breadth,
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subtense, anterior and posterior lengths, all triangular areas, chords 7-8 and 10, and angles 2, 1012, and 15-17 (Table 8). These results imply that the overall size of the iliac blade, the shape of
the central iliac crest, and the central and anterior angles were able to correctly classify the
female and male pelvis at a higher percentage than the anterior and posterior aspects of the iliac
crest and the associated posterior angles.

Independent t-tests
Similar to the univariate selection point data, the independent t-tests produced distinct
trends in the calibration data. Several dimensions of the iliac blade, the central chords, and
several angles of the mid to anterior iliac blade exhibited statistically significant differences in
the female and male means. The variables that were statistically significant include the iliac
breadth, subtense, anterior and posterior lengths, all triangular areas, chords 7-11, and angles 1012 and 15-17 (Table 10). These variables indicate that the female and male os Coxa were
statistically different in the shape and size of the iliac blade, the shape of the central iliac crest
and associated central and anterior angles. The independent t-tests also produced variance values
for both sexes. Females had higher variances for the subtense and all chords, while the males
were more varied for the iliac breadth, posterior length, all triangular areas, and all angles (Table
10). The anterior length presented similar variances for both females and males. Such variances
showed that both the female and male form was variable in all quantitative observations, with
each sex being more variable in some measurements than others.
The independent t-tests for the independent test sample supported that the iliac blade
dimensions along with a few of the angles were statistically significant. The subtense, anterior
length, total and anterior triangular areas, and angles 11 and 12 were found to have statistically
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significant differences of means between females and males (Table 11). The variance values that
were produced exhibited females to be more variable in the subtense and angle 11, while the
males were more variable for the triangular areas and angle 12 (Table 11). The anterior length
had similar variance values for both sexes.

Proportional Analysis
A proportional analysis was conducted in an attempt to standardize female and male iliac
blade for size, thus highlighting shape differences. The calibration data suggested that the
female and male iliac form showed no sexual dimorphism in relationship to the anterior and
posterior breadths to the overall iliac breadth (Table 12). These results indicated that breadth of
the anterior and posterior iliac blade was relatively similar in female and male pelves.
Alternately, slight indications of sexual dimorphism in the relationship of the iliac height and the
iliac breadth were exhibited. Such a finding suggested that the male iliac form is taller than it is
wide, while the female form was narrower in relationship to height. The latter finding was
supported by the independent test sample results.

Univariate Correct Classification for the Sciatic Notch
Univariate correct classification percentages were calculated for the qualitative
observation of the sciatic notch. The calibration data, which was supported by the independent
test sample data, suggested that females were able to be correctly classified at a relatively high
percentage, 93.24% in the calibration sample and 81.25% in the independent test sample, where
as males were correctly classified at significantly lower percentage of 31.08% in the calibration
sample and 58.82% in the independent test sample. The results of this study indicated that the
sciatic notch, as a sex estimation tool, was more accurate for the female form than the male form
66

and should be used with caution, thus not making this qualitative observation any more reliable
than the quantitative observations of this research. It must be noted that this method of recording
the sciatic notch score was modified from Walker (2005). In his study, Walker (2005) reported a
bias toward the female form in the score of -1. Walker (2005) stated that more males than
females were assigned the sex score of -1, thus significantly lowering the probability of correct
sex estimation (Walker, 2005:389). In addition to Walker (2005), Tague (2005) proposed that
the default adult pelvic morphology is that of a female, where testosterone redirects growth from
the default anatomy to the male form. A conclusion such as Tague’s (2005) is a possible
explanation for the unequal sex classification exhibited in this research. Therefore the presented
results of this study are consistent with Walker (2005) and suggest that this method has unequal
correct classification for females and males and should be used with caution.

Morphological Implications of the Metric Results and their Relationship to Previous Studies
From the previously discussed metric results a trend emerged. The seven iliac blade
dimensions, iliac breadth, subtense, anterior and posterior lengths, and all triangular areas, the
five central chords, chord 7-10, and the six angles from the mid to anterior iliac blade, angles 1012 and 15-17, proved to be statistically significant and had the highest correct classification
percentages out of all 42 measurements (Table 14).

This finding was consistent with the

independent test sample, which suggested that the subtense, anterior length, total triangular area,
anterior triangular area, and angles 11 and 12 were both statistically significant and had the
highest correct classification percentages (Table 15).
Thus, in the present study, it is clear that there were slight indications of sexual
dimorphism in the height of the iliac blade (subtense), the size and shape of the iliac blade
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(anterior and posterior lengths, iliac breadth and the three triangular areas), and the shape of the
middle portion of the iliac crest (chords 7-10 and angles 10-12 and 15-17). For all of these
dimensions the male form was larger than the female form, which implied that size plays an
integral part in the dimorphic condition. Despite the statistical significance and the correct
classification percentages, these measurements had large standard deviations, standard deviation
percents of the mean, and variances, which maked the measurements too variable to give an
accurate and reliable sex estimation. With these presented results, the proposed test has failed to
reject the null hypothesis that females and males are indistinguishable for dimensions of the
ilium and iliac crest.
As previously discussed in Chapter 2, there exist enumerable studies on the dimorphic
condition of the os Coxa. Out of the studies presented, three of the studies had similar variables
as this research.

These prior studies included Straus (1927), Segebarth-Orban (1980) and

Camacho et al. (1993). The significance of the iliac breadth in understanding pelvic shape was
discussed by Straus (1927) and the Segebarth-Orban (1980) studies, while Camacho et al. (1993)
addressed the iliac breadth, subtense, and anterior and posterior lengths. The findings reported
here were in support of those documented by both Straus (1927) and Segebarth-Orban (1980), in
which the iliac breadth was dimorphic, with males having a larger dimension than females.
While the present research suggested that iliac breadth, subtense, and anterior and posterior
lengths had sexual dimorphic attributes, the Camacho (1993) study in contrast concluded that the
subtense was the only measurement that exhibited statistically significant difference in means.
With males found to be larger than females for this dimension. The difference in conclusions
with the Camacho (1993) study could be attributed to the size and group affiliation of the sample
in their research.
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Additionally, of the previously discussed studies, six, including Young and Ince (1940),
Letterman (1941), Kelly (1979), Segebarth-Orban (1980), Moore-Jansen and Harrison (2004)
and Walker (2005), addressed the sciatic notch as a reliable sex estimator.

All of these

researchers suggested that the sciatic notch was an extremely accurate and reliable method of sex
estimation in the os Coxa. This research was consistent with the suggestion that the sciatic notch
can be used in sex estimation, but does not support that it was accurate and reliable in females
and males equally.

Summary and Conclusion
This research was preliminary and in some ways exploratory in nature, with the purpose
of presenting a new method in which to investigate sexual dimorphism in the iliac crests and
associated os Coxa. From the proposed protocol, slight indications of sexual dimorphism in the
dimensions of the iliac blade and the central iliac crest were presented. Significant variation and
moderately low correct classification percentages prevented the reported findings from being
accurate and reliable sex estimators. Thus these results have failed to reject the null hypothesis
that sex estimation cannot be documented in the size, shape, and proportional dimensions of the
ilium and iliac crest.

Further investigations of the reported results are required to better

understand the sexual dimorphism or the lack thereof in iliac crest and iliac blade. Several
problematic issues that were encountered in the preliminary research will need to be addressed in
future advancements of this study.
As a result of not being able to define repeatable landmarks along the iliac crest, the
previously discussed data collection protocol was established. This protocol had several benefits
along with disadvantages. The first disadvantage was the iliac breadth measurement. Because
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only the medial aspect of the epiphyseal margin of the iliac crest was digitized, the lateral flares
of the anterior and posterior superior iliac spines were not utilized. Therefore the iliac breadth
was classified as non-traditional measurement. Without the lateral flares of the superior iliac
spines, it was thought that the strength of the iliac breadth was compromised. In continued
research, it would be insightful to incorporate these aspects of the iliac crest and to test whether
these portions of the crest are dimorphic in nature. The second disadvantage of this protocol was
the large quantities of calculations required to obtain the dimensional information. This method
has proven to be labor and time intensive, thus making it considerably less desirable to other
methods regardless of accuracy and reliability.
In addition to further testing, other issues such as utilizing a larger independent test
sample and conducting multivariate analysis must be sought to appropriately confirm or negate
the reported findings. Multivariate analysis would further the research by standardizing the size
component, therefore solely highlighting shape differences among males and females.
What has been set forth in this research was a well defined and repeatable protocol which
presented signs of sexual dimorphism in certain dimensions of the ilium and iliac crest. The
presented research has furthered the study of morphological variation in the human skeleton by
quantifying the female and male form of the iliac crest and associated iliac blade. The results
reported in this study indicated that the characteristic “S” shape of the iliac crest is not more
defined in the male form than in the female form, thus providing evidence against the hypothesis
that sex estimation can be obtained from this anatomical feature of the os Coxa. Further research
and additional statistical analysis of the collected data could provide greater insight to the
dimorphic condition of the ilium and iliac crest.
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APPENDIX
DIAGRAMS OF QUANTITATIVE OBSERVATIONS

Subtense

Posterior Breadth

Anterior Breadth

Iliac Breadth

Figure 1a. Diagram of the Iliac Blade Quantitative Observations
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APPENDIX (continued)
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Figure 1b. Diagram of the Chords along the Iliac Crest
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