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CHAPTERII

INTRODUCTION

Forensic anthropology is a branch of anthropology concerned with the application of
anthropological knowledge and methods to the legal process. The identification of
skeletal remains, badly decomposed, or otherwise unidentified human remains is
important for both legal and humanitarian reasons. Forensic anthropologists apply
standard scientific techniques developed in physical anthropology to identify human
remains and assist in the medico-legal process. Frequently, forensic anthropologists work
in conjunction with forensic pathologists, odontologists, and homicide investigators to
identify a decedent, discover evidence of foul play, and/or the decedent’s postmortem
interval. In addition to assisting in locating and recovering suspicious remains, forensic
anthropologists create a biological profile, consisting of sex, age, ancestry, stature, and
unique features, such as any antemortem pathology or postmortem trauma of a decedent
from the skeleton (ABFA 1996).

Estimation of sex from the human skeleton is among the most important aspects of
establishing the biological profile of unknown individuals in forensic anthropology (Patil
and Mody 2005). The aim of the current research is to evaluate the reliability of the
sternal end of the first and second ribs in estimating the sex of unidentified skeletal
remains for a recent forensic population. When establishing the biological profile, it is

typically important to first estimate sex and age, then ancestry and stature (White and



Folkens 2005). Humans are slightly sexually dimorphic, which is apparent in primary and
secondary sexual characteristics of the soft tissue but far less obvious in hard tissue
bones. Size and shape of bones in females and males overlap somewhat, but there are
some slight differences that aid in estimating sex. For example, at the onset of puberty the
female skeleton, and especially the pelvis, begins to change shape (Hogler et al. 2008).
During this time period, the pelvic outlet expands to allow females to more easily give
birth. The male pelvic outlet does not expand and keeps a more narrow pelvic shape.

Estimation of sex via examination of sexually dimorphic features has focused
primarily on the pelvic girdle, long bones, and the skull where size and morphology are
arguably most variable. Numerous areas of the pelvis and skull are used in determining
sex (Krogman 1962; Meindle et al. 1985; Phenice 1969; Purkait 2003; Steyn and Iscan
1997). Using 11 measurements of the skull, Giles and Elliot (1963) found that sex could
be estimated correctly 85% of the time. When combined, these two areas have been
argued to produce inter-observer accuracy rates of up to 97% when examined by a
professional forensic anthropologist (Krogman 1962). However, in cases where the pelvis
and skull are not always available for study, or are too damaged for examination,
alternative methods of sex estimation are required. Other areas of the body, such as the
long bones and ribs, may provide an alternative for estimating an individual’s sex.

Sex can be estimated reasonably well using long bone measurements or visual
estimations (Rissech et al. 2008; Steel 1972). Long bones have been found to be highly
dimorphic, especially in areas such as the head and distal epiphysis of the femur, and
proximal epiphysis of the tibia (Iscan and Miller-Shaivitz 1984). The maximum head

diameter of the femur has been confirmed as a good indicator of sex, with classification



accuracy reaching 92% for males and 95% for females (Purkait and Chandra 2004).
Purkait and Chandra (2004), using a central Indian sample found that a maximum
femoral head diameter value of less than 42.9 mm indicate a female bone, and
measurements over 42.9 mm indicate a male bone. The sternal ends of fourth ribs have
also given beneficial results for sex estimation.

In the absence of the pelvis and long bones, the fourth rib was chosen in most of the
previous studies pertaining to ribs because the fourth rib was easily obtained during
routine postmortem examinations and it made for easier comparison to later studies
(Iscan 1985; Oettlé and Steyn 2000). Ribs have been analyzed using osteometric data, as
well as chest plate roentgenograms and costal cartilage calcifications (Kocak et al. 2003;
McCormick et al. 1985; Navani et al. 1970; Stewart and McCormick 1984). A
roentgenogram is a radiograph that is made by exposing photographic film to X-rays.
Unfortunately, all of these studies were conducted looking specifically at the fourth rib,
which is difficult to identify when a skeleton is disarticulated.

Many areas of the skeleton have been researched in regards to sex because estimation
of sex is extremely important for the biological profile of an individual. In most cases,
forensic anthropologists receive an incomplete skeleton. Although the pelvis, long bones,
and skull have been shown to provide accurate estimates of sex, there are numerous
occasions where these elements are not recovered or are rendered useless due to peri- or
postmortem damage (Ubelaker 1997). It is important for alternate areas of the skeleton to
be researched for sex estimation. One possible area that may aid in the estimation of sex
is the sternal end of the first or second rib. The first and second ribs are more uniquely

shaped making their identification much easier than the fourth rib, and are ideal when the



pelvis and skull are absent. Visual estimates are based on basic sexual dimorphism,
anticipating that males are normally larger in size than females.

The purpose of this research is to determine whether sexual dimorphism of the first or
second rib is sufficient to be of value for sex estimation. This research is important and
distinctive because it provides quantitative results. Data that contain quantitative results
strengthen the reliability of ribs as potential sex estimators, especially in courtroom
settings. The first important ruling regarding the admissibility of scientific evidence was
issued in Frye v. United States (Christensen 2004). This rule became the standard for
determining admissibility of scientific evidence in courts because it was easy to apply
and little scientific knowledge was needed. Due to modifications or disregard of the Frye
standard, the Federal Rules of Evidence was enacted, which was the first uniform set of
evidentiary rules for trial in federal courts that specifically addressed expert witness
testimony (Christensen 2004). Confusion still occurred in the courts concerning the
admissibility of scientific evidence, which led to a set of factors referred to as the
“Daubert guidelines”. Daubert is a legal precedent set in 1993 by the Supreme Court of
the United States regarding the admissibility of expert witness testimony during federal
legal proceedings. Daubert requires forensic anthropologists to validate their claims with
scientifically tested methods and, in particular, with probability assessments (Dirkmaat et
al. 2008). The Daubert guidelines for determining whether evidence is scientific and
therefore admissible under Federal Rule 702 are (U.S. Supreme Court 2003):

1. The content of the testimony can be (and has been) tested using the scientific

method.



2. The technique has been subject to peer review, preferably in the form of

publication in peer-reviewed literature.

3. There are consistently and reliably applied professional standards and known or

potential error rates for the technique.

4. Consider general acceptance within the relevant scientific community.

Testifying as an expert witness has become an important and increasingly accepted
role of the forensic anthropologist (Christensen 2004). In regard to the Daubert
guidelines, publications in peer-reviewed literature and professional standards are few in
number for the estimation of sex from the ribs. It is imperative for forensic
anthropologists to continue conducting research and publishing quality data on biological
profile methods and techniques. Research attempting to estimate sex from the first and
second ribs is important to forensic anthropology because it gives supporting evidence of
an unknown individual’s sex. Given this, the potential to use a multitude of different
bones to estimate sex could be of vital importance. Additionally, Daubert reinforces the
need for modern forensic samples as a basis for testing traditional analytical methods as

well as developing new methods.



CHAPTER 11

LITERATURE REVIEW

Estimation of sex from the sternal ends of the fourth rib has been shown to hold
promise (McCormick et al. 1985). The ribs were analyzed using chest plate
roentgenograms, costal cartilage calcification, and osteometric analysis. McCormick and
Stewart (1983) were among the first to examine the possibility that sex differences
existed in the chest area. Their study consisted of over 650 chest X-rays of autopsied
males and females. The results found that there was a difference among the sexes in the
ossification patterns of most individuals. A later report by Stewart and McCormick
(1984) expanded on particular patterns of costal-cartilage ossification and determined that
there was a distinctive pattern found only in females. The distinctive pattern consists of a
rounded or solitary ossified foci confined to the central portions of the costal cartilages.
When this pattern is present, the individual can be identified as an elderly female.
Although these results were useful when focusing on ossification patterns, there is no
specific focus on the rib itself and it is specific to elderly females only.

McCormick et al. (1985) examined sex differences on over 1,100 chest plate
roentgenograms. The chest plate is defined as the anterior portion of the thoracic cage
consisting of the complete, intact sternum, costal cartilages, sternal rib ends, and the

associated soft tissues (McCormick et al. 1985). The five parameters used to evaluate sex



are the: 1) manubrium-corpus, 2) fourth rib width, 3) corpus sterni, 4) manubrium-corpus
area, and 5) pattern of costal cartilage ossification.

Although the study by McCormick et al. (1985) examined several parameters, the
focus of this discussion is on the impact of the fourth rib width, which is defined as the
transverse diameter measured by a line perpendicular to a tangent to the costal margin
and immediately lateral to the fossa costae. According to the McCormick et al. (1985)
study, it is determined that the fourth rib width exhibits sexual dimorphism. If a cutoff of
16 mm is used for male, an accuracy of 84.6% is obtained for the entire study population
(McCormick et al. 1985). It was also found that in 196 cases reviewed, the fourth rib
width was more predictive of sex than ribs I, 111, or V. Although the fourth rib width
measurement did not show strong sex differences by itself, the measurement is useful
with the computation of the manubrium-corpus area estimate, which the authors found to
be a better indicator of sex.

When looking specifically at the effectiveness of using the fourth rib, the McCormick
et al. (1985) study does not give overwhelming support for sex estimation. As mentioned,
fourth rib width measurements are most useful in conjunction with the computation of the
manubrium-corpus area estimate. McCormick et al. (1985) focuses on sex estimation
from the entire chest plate x-ray, which is not as useful in a “typical” forensic setting.

Torwalt and Hoppa (2005) also conducted research to test the accuracy given to sex
estimation from chest radiograph measurements. This study used chest plates from 130
adult individuals of a known sample and looked at the fourth rib width and the sternal
area as a whole. Results confirmed the accuracy of previous research and additionally

found that the fourth rib width and sternal area used together were the best predictors of



sex with rates of 95.8% for males and 90.3% for females (Torwalt and Hoppa 2005).
Similar to the McCormick et al. (1985) study, this research is helpful only when the
entire sternal area is available and is not appropriate for most forensic anthropological
cases.

Navani et al. (1970) conducted a study to evaluate the prevalence of costal
calcification in males and females to examine the influences of age and sex on patterns of
costal cartilage calcification. The authors used 1,000 frontal chest roentgenograms from
in-patients at the Boston City Hospital. The first rib was not used in this study because,
according to the authors, sexual differences in patterns of costal cartilage calcification
were not found in this rib. Costal cartilage calcification was divided into three broad
categories and used when analyzing the results. These categories are: A. Type |
(marginal), B. Type Il (central), and C. Type Ill. VVarious patterns of calcification appear
in males and females and are prevalent in Type | and Type Il calcification.

Several findings have emerged from these data that suggest sex can be predicted with
high accuracy from costal cartilage calcification patterns of the lower ribs (Navani et al.
1970). Type | calcification predominately occurs in males and Type Il calcification
predominately occurs in females. Another interesting finding is the infrequent occurrence
of calcification of any kind in males under 20 years of age. Certain problematic issues
arise with this study, however. For example, Navani et al. (1970) divide calcification into
three categories but give no detailed description to further explain what each category
encompasses. Figures are included, but are difficult for examination and discerning what
is being viewed as “marginal,” “central,” or other. It would be beneficial in future studies

to include more descriptive definitions of each category. Additionally, it is unlikely that a



forensic anthropologist would benefit from these findings because of the lack of retrieval
of costal cartilage in ribs in most instances.

Morphological estimation of sex specifically from sternal rib ends is a useful method,
but few studies exist on this subject. Two previous studies by Iscan (1985) and Kocak et
al. (2003) focus on osteometric analysis of sexual dimorphism. The Iscan (1985) study
attempts to estimate sex from the sternal end of the fourth rib. A sample of 230
individuals of known age, sex, and race was obtained from a medical examiner’s office.
Iscan divided the sample into three groups, consisting of young (mean ages 14 to 28), old
(mean ages 28 to 65), and combined total groups (mean ages 14 to 65) to control the
effect of age on sexual dimorphism. Three measurements were taken at the costochondral
junction of the rib: maximum superior-inferior height (SIH), maximum anterior-posterior
breadth (APB), and maximum pit depth (MPD). The costochondral junction of the rib is
the junction of the rib into cartilage in the anterior chest. SIH is the maximum distance
between the most superior and inferior points at the end of the rib. APB is measured at
the end of the rib between the most anterior and posterior points. MPD is defined as the
maximum depth of the concavity at the medial articular surface of the rib and is taken
with a depth caliper. Results from the study show that males are larger in all dimensions,
and with the exception of MPD in the young group, the differences between the sexes is
significant at a probability level of less than 0.001 (Iscan 1985). Average accuracy for
classification of sex varied from 82% in the young group to 89% in the old group.
Additionally, females were more accurately classified than males in the young group.

Kocak et al.’s (2003) study also looks at sex estimation from the sternal end of the rib

by osteometric analysis. In this study, 251 right fourth ribs of known age, sex, and race
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from Izmir, Turkey are used to establish a sample group from this population. Three
measurements taken in this study are the superior-inferior height (SIH), anterior-posterior
breadth (APB), and medial pit depth (MPD), the same measurements as used by Iscan.
Differences between Kocak et al. and Iscan’s studies include the population and the total
age range used. Kocak et al. (2003) separate ages into a young group (15-32 years), old
group (33-89 years), and total group (15-89 years). Despite the minor differences, this
study gives similar results as achieved by Iscan (1985). SIH is found to be the most
effective parameter to estimate sex; APB is the second most effective measurement in sex
estimation. Accuracy rates vary slightly depending on the age group used, but using SIH
of the total group yields an accuracy of 85.5% for males and 87.2% for females.

Cologlu et al. (1998) conducted a study using the sternal end of the fourth rib of
almost 300 autopsied Turkish individuals to determine sex. The focus of their research
was to use measurements of the superior-inferior (SIH) edge and anterior-posterior
(APB) edge of the rib to estimate the usefulness of this bone. Using both dimensions
together, Cologlu et al. (1998) reported accuracy results of 86% to 90% with the SIH
being the most dimorphic dimension.

Osteometric analysis of sexual dimorphism was also conducted on a West African
population. Wiredu et al. (1999) carried out a study specifically looking at sex estimation
from the height and width of the sternal end of the fourth rib. As seen in studies by Iscan
(1985) and (Kocak et al. 2003) mentioned above, Wiredu et al. divided their sample into
three groups: young (<30 years), old (>30 years), and total sample (total group). Their
analysis showed that accuracy of sex estimation varied between the young and old

groups, with the total group yielding 78% accuracy rates. An important issue with the
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Kocak et al. (2003), Cologlu et al. (1998), and Wiredu et al. (1999) studies is that they
use samples from Turkish and West African populations respectively. Results obtained
by these three studies are for specific populations, and are not representative of North
American populations. Rib size has been found to be population-specific, affected by
environmental and climatic differences (Kocak et al. 2002). Therefore, the Kocak et al.
(2003), Cologlu et al. (1998), and Wiredu et al. (1999) studies are not applicable for
North American populations.

While these previous investigations are extremely useful, Iscan (1985), Kocak et al.
(2003) and Wiredu et al’s (1999) studies focus more specifically on the sternal end of the
fourth rib, which is an element that forensic anthropologists may recover from a scene
and use in estimating age and sex of an individual. Issues arise though when the skeletal
remains are not found in articulation or when remains are very badly damaged. Although
the adult fourth rib can be reliably used to estimate sex by discriminant function analysis,
the fourth rib is difficult to identify when the skeleton is disarticulated because it
resembles most other ribs in the human body. In a typical human body, the ribs increase
in length from the first through the seventh rib and decrease from the eighth through the
twelfth rib. This information is useful when all of the ribs are recovered, but is of little
help when only a few ribs are found.

The first and second ribs are more easily identifiable in comparison to the fourth rib
due to their unique shape and structure. Fourth ribs are less easy to identify because
morphologically, they are very similar to the third, fifth, sixth, and seventh ribs. When
ribs are not recovered, determining which rib is the fourth can be difficult. In contrast,

both the first and second ribs are more morphologically distinct. The first rib is the



broadest, short, tightly curved, and almost flat. It also has a relatively long neck in
relation to its overall size. The second rib is longer than the first and is also strongly
curved. The present study evaluates the success of using first and second sternal rib end

measurements for sex estimation.
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CHAPTER 11

MATERIALS AND METHODS

The present study includes 87 females and 236 males of known age and sex. Ages of
the measured individuals range from 22 to 101 years and are predominately of American
White and American Black ancestry. The data samples were collected in the summer of
2008 from two existing skeletal collections, the William Bass Donated Skeletal
Collection at the University of Tennessee and the Maxwell Museum’s Documented
Skeleton Collection at the University of New Mexico. The two collections were chosen
because both consist of well-documented individuals with accurate and detailed
biological profile information. Additionally, both collections consist of individuals from
recent forensic populations.

The Bass Collection currently houses over 700 individuals in separate boxes with all
available biological profile information on the side for easier viewing. The contents of
each box are sorted in a systematic manner, with the ribs conveniently located at the top
of the disarticulated skeleton. Ribs are typically separated into right and left sides and
bound together with string or Velcro. To avoid observer bias throughout the data
collection stage, multiple precautions were taken. Crania, innominate, and long bones
were not removed from the box unless they were specifically obstructing the path to the
ribs. This was done to ensure that the observer would not have other visual methods

available to estimate sex.
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In this study, measurements were taken in rounds, consisting of more than one box
being placed on a research table at a time. Each “round” of measurements consisted of up
to three separate boxes brought simultaneously to the research table and turned around so
as to hide the biological information on the side of the boxes. First and second left and
right ribs were taken out of each box and placed in close proximity to their respective box
to ensure the correct rib was recorded with the corresponding individual. Each rib,
totaling up to four ribs per individual (right first, left first, right second, left second), was
measured with a Titan digital caliper and the results were recorded to the nearest tenth of
a millimeter on a spreadsheet. After all ribs from the three boxes were measured and
recorded on the spreadsheet, the University of Tennessee identification number given to
the individual was recorded and the boxes were returned to their specific shelves. This
process was repeated and measurements were taken with the time available. A total of
221 individual observations were collected at this location.

Unlike the Bass collection, boxes from the Maxwell Museum Collection did not
contain biological profile information on the outside. Therefore, only one box was
brought to the table at a time. All other procedures performed were similar to the
procedures outlined for the Bass collection. One hundred and two individual observations
were collected at this location. Both the Bass and Maxwell Museum collections
graciously supplied complete biological profile information (including the individual’s
sex) after all of the observations had been collected and recorded. Individual observations
and measurements are noted in Appendix A.

To account for observer bias, the individual’s sex was unknown until measurements

for all samples had been completed from each collection. Both collections house more
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males than females. Subsequently, the number of males greatly outnumbered the number
of females measured for in this research. It is important to obtain a large sample of both
males and females, and this was accomplished despite the number of male observations
outweighing the number of females.

The right and left first and second ribs were collected from samples of known age and
sex. For all analyses, the right rib was used unless it was missing or too badly damaged.
The right rib was chosen to keep consistent with previous studies that focus their analyses
on this side (Iscan 1985; Kocak et al. 2003; Wiredu et al. 1999). Additionally, the
difference in overall descriptive statistics between the left and right side was negligible. If
damage was present or the right rib was not available, the left rib was used in analysis,
and is documented in Appendix A. Two measurements taken for each rib were superior-
inferior height (SIH) and anterior-posterior breadth (APB). All measurements were taken
in accordance with the procedure described by Iscan and associates (Iscan et al. 1984).
Although not given in precise detail, Iscan et al. took the SIH and APB measurements at
the costochondral junction of each rib, the method followed by the present study. The
costochondral junction is defined as the junction of the rib into cartilage in the anterior
chest. All of the measurements were taken with a digital sliding caliper calibrated to the
nearest 0.1 mm. These measurements are defined as:

1. Superior-Inferior Height (SIH) (Figure 1): the maximum distance between the
most superior and inferior points at the end of the rib; and
2. Anterior-Posterior Breadth (APB) (Figure 2): the maximum distance between

the most anterior and posterior points at the end of the bone.
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a) b)
Figure 1. Superior-inferior height (SIH) measurement: a) first rib; b) second rib.

a) b)
Figure 2. Anterior-posterior breadth (APB) measurement: a) first rib; b) second rib.

Iscan et al. (1984) also took measurements of the maximum pit depth (MPD), but it was
not used in this study because it was found to be ineffective for results in previous studies
(Kocak et al. 2003).

The superior-inferior height was defined as the maximum distance between the most
superior and inferior points at the end of the rib. This measurement was taken by holding
the rib in anatomical position. The fixed arm of the sliding caliper was held parallel to the
inferior side of the sternal end of the rib and the caliper’s moving arm was adjusted to
meet the most superior point on the sternal end of the rib. It should be noted that the

shape and position of the sternal end of the rib is variable, so the calipers will not always



17

lie perfectly across the height of the sternal end. The measurement was always taken at
the maximum distance.

The anterior-posterior breadth was defined as the distance between the most anterior
and posterior points at the end of the bone. This measurement was taken by holding the
rib so that it faced perpendicular to anatomical position. The sliding caliper was held
parallel to one edge of the rib and adjusted to meet the maximum breadth point of the
sternal end of the rib. As noted for the superior-inferior height, the measurement was
always taken at the maximum distance.

Previous studies, including Iscan et al. (1984) and Kocak et al. (2003), assigned a rib
to an age group based on its metamorphic phase. Iscan and Loth (1986) found the sternal
rib to be one part of the skeleton in which dimorphism increased with age throughout
most of the adult life span, although in their study, the average percentage of correct
prediction of the different age groups did not differ significantly. Due to the slight
differences in average percentage correct between age groups, age was considered
negligible for the present study and not taken into account when analyzing the data. In
addition, age estimation is increasingly difficult to determine without additional skeletal
material, such as the pelvis. Age, nevertheless, was obtained for each individual for
future studies and is documented in Appendix A.

Although age was not considered in the data analysis, the sternal end of a rib exhibits
certain changes with advancing age. Iscan et al. (1984) studied the sternal end of the
fourth rib and found that changes occur in form, shape, texture, and overall quality. They
created a 9-phase model standard for both males and females, illustrating each phase by

both a picture and description. Early phase characteristics of the sternal end of the fourth



18

rib contain ribs that have a more regular, rounded rim with the bone smooth and solid.
Middle phase characteristics show some pit depth and thinner walls. Late phase
characteristics include more visible pit depth, thin walls, and an irregular rim with brittle
projections of bone at the superior and/or inferior margins of the rib.

Early and middle phase characteristics did not affect the SIH and APB rib
measurements taken. Projections of bone that were present in the late phase of rib
development presented an obstacle when trying to keep measurements consistent.
Whenever a rib was encountered that exhibited this extra bone projection, the
measurement was still taken at the maximum height and breadth, and the projection was
documented during collection and is noted in Appendix A. This was done to keep all
measurements consistent, even if the measurement with the projection slightly
misrepresented the sternal end’s true dimensions.

For each collection used, race was available, but not taken into account in this study.
Individuals with known or observable pathology affecting the integrity of the sternal end
of the rib were not used in this study. If an individual’s rib was measured and the
individual had a noted pathology, the information was documented during data collection
and can be found in Appendix A. When an individual’s rib was fractured or cracked, it
was only measured if the integrity of the rib’s sternal end was not compromised or
altered. The measurement taken adhered to previously stated guidelines. Any
measurement taken on a fractured rib was documented during data collection and noted
in Appendix A.

The goal of the current research is to provide forensic anthropologists with another

means of estimating sex through discriminant function analysis (DFA). This research
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uses four measurements from the first and second right ribs from individuals contained in
the William Bass Donat