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Preface

The discipline of forensic anthropology has grown considerably since the founding of the Physical Anthropology 
Section of the American Academy of Forensic Sciences in 1972. Forensic anthropologists have gone from being 
expert consultants working primarily in academia to full-time board-certified employees in the medico-legal sys-
tem (although a number of forensic anthropologists still hold dual appointments as professors and consultants). The 
formal organization of the field spurred the formation of academic programs for educating and training research-
ers and practitioners. Proper training in the theory, methods, and best practices of forensic anthropology begins 
at the undergraduate level and continues into graduate education, preferably at the PhD level. An undergraduate 
anthropology education is typically broad-based and establishes familiarity with three or four of the subdisciplines 
in the field (physical anthropology, cultural anthropology, archaeology, and linguistic anthropology). Specialization 
in applied areas such as forensic anthropology usually does not begin until the graduate level; however, more and 
more programs are offering undergraduate courses in forensic anthropology. 

As researchers, practitioners, and educators, the editors of this volume found it challenging to develop introductory 
courses in forensic anthropology because educational texts in forensic anthropology tend to be targeted at more 
advanced audiences. Hence, the motivating force behind the development of the first edition of this text was to pro-
vide a book designed primarily for an introductory course that would prepare the next generation of forensic anthro-
pologists to face the important issues of best practice being addressed currently by the Scientific Working Group for 
Forensic Anthropology (SWGANTH) and the issues brought forward in the National Academy of Sciences report 
Strengthening Forensic Science in the United States: A Path Forward (2009). To this end, these chapters are written by 
content experts in the field who have done novel research in forensic anthropology and helped to provide the founda-
tions for best practice. 

The second edition, Forensic Anthropology: A Comprehensive Introduction, has been reorganized considerably to 
provide a cohesive and user-friendly text for a semester course in forensic anthropology. The authors incorporated 
book reviews, feedback from users, and anonymous peer reviews of the first edition into the design of the second 
edition and anticipate that the new product will serve the educational community more effectively. Each chapter has 
learning objectives, review questions aligned with these objectives, a chapter summary, and glossary definitions for 
advanced terms or jargon that are not defined in the chapter text. The second edition has been condensed from 22 
chapters to 18 chapters with more specialized and advanced topics added as appendices. The text is organized into 
four main sections plus two appendices: I. Forensic Anthropology and the Crime Scene, II. The Skeleton and Skeletal 
Documentation, III. Skeletal Individuation and Forensic Anthropological Analyses, and IV. Human Identification 
and Advanced Forensic Anthropology Applications.

The first section, Forensic Anthropology and the Crime Scene, contains Chapters 1 through 4. Chapter 1 provides 
an overview of forensic anthropology in the United States, including a history of the discipline from the earliest 
application of physical anthropology in a medico-legal setting to the issues faced by forensic anthropologists today. 
Chapter 2 is new to this edition and addresses how anthropologists handle skeletal remains as evidence. Chapter 3 
discusses how archaeological methods are used to recover and document crime scenes. Chapter 4 discusses how 
taphonomic processes affect the formation, recovery, and interpretation of crime scenes and skeletal remains. 

The second section, The Skeleton and Skeletal Documentation, contains Chapters 5 through 7 and covers human 
osteology, odontology, and the first and last steps of doing a forensic anthropology case (processing and the case 
report). Chapter 5 presents basic human osteology that will be helpful for understanding the content in the  remaining 
 chapters in this book. This chapter is not meant to replace a human osteology class, but simply to provide a quick 
reference for less experienced readers; advanced reading and reference suggestions are provided for those requiring 
more in-depth osteology. Chapter 6 provides an overview of the human dentition and dental numbering  systems used 
in forensic case reports. Chapter 7 details how to process remains and prepare a forensic case report and includes 
sample case reports for reference. 
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The third section, Skeletal Individuation and Analyses, consists of Chapters 8  through 14 and covers how forensic 
anthropologists develop a biological profile from skeletal remains (sex, age, ancestry, and stature) and analyze  skeletal 
pathology and trauma. The importance of choosing proper methods and understanding the advantages and limita-
tions of available methods is highlighted throughout these chapters. In addition, the authors call attention to areas 
of burgeoning research and areas where additional research is needed. Chapters 8 through 11 deal with the  primary 
 elements of the biological profile. Chapter 12 is new to this edition and provides an overview of individualistic skel-
etal features and skeletal responses to pathology and trauma. Chapter 13 discusses the biomechanics and interpre-
tation of low- and high-velocity skeletal trauma and nascent research in the field of skeletal trauma interpretation. 
Chapter 14 provides a detailed explanation of the Fordisc program used by forensic anthropologists in the United 
States to estimate sex, ancestry, and stature from metric data, including a brief history of the software development, 
its limitations, and common criticisms. 

Chapters 15 through 18 comprise the fourth section, Human Identification and Advanced Forensic Anthropology 
Applications. Chapter 15 provides a comprehensive discussion of time since death (TSD) and the many processes 
that are factored into determining the postmortem interval (environmental/meteorological, individual, and cultural/
case-specific factors), the variety of methods available for TSD estimation (entomology, botany, soil chemistry, and 
morphoscopic techniques), and decomposition research (past, present, and future directions). Chapter 16 details 
acceptable techniques for tentative, circumstantial, and positive personal identification and their implications for 
forensic practice, research, and the investigative process. Chapter 17 deals with forensic anthropology in large-scale 
situations, namely human rights violations and mass disasters, and provides considerations for handling these unique 
and sensitive situations. Chapter 18 explicates the effects of fire on the human body and details how to approach fire 
scenes, thermal trauma, and situations in which remains are commingled. 

This book concludes with two appendices. Appendix A, Application of Dentition in Forensic Anthropology,  discusses 
the use of the dentition in forensic anthropology, including age, ancestry, and sex determination and assessing dental 
anomalies and pathologies. Appendix B, Age Estimation in Modern Forensic Anthropology, provides an advanced 
look at the topic of age estimation, including an examination of statistical methods, bias, and the problems with 
 age-at-death estimation.

Although the chapters are written so that less experienced readers can understand the content, the editors feel that 
readers from a wide variety of experience levels will find the material both interesting and useful. As the chapters are 
thoroughly referenced and give special attention to current research and best practice, the text can serve as a useful 
addition to any forensic anthropology laboratory or library. We encourage its use as part of a forensic anthropology 
curriculum, as a reference for the laboratory, and as a review of the many complex subject areas that have come to 
encompass forensic anthropology. Thank you for choosing to purchase this text, and we look forward to receiving 
input from our reading audience on this revised edition.

Natalie R. Langley and MariaTeresa A. Tersigni-Tarrant
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4    Forensic Anthropology

LEARNING OBJECTIVES

 1. Explain how forensic anthropology fits into the larger discipline of anthropology and define the major 
subdisciplines of anthropology.

 2. Describe how training in each of the anthropology subfields contributes to a forensic anthropologist’s 
understanding of human skeletal biology.

 3. Recount the events that began and ended each of the three historical periods in forensic anthropology.
 4. Explain the role of outdoor decomposition research facilities in forensic anthropology practice, research, 

and education.
 5. Discuss the importance of documented modern skeletal collections for forensic anthropology research, 

practice, and education.
 6. Explain the significance of the National Academy of Sciences (NAS) report to the forensic sciences and 

forensic anthropology. Name the organizations and committees that resulted from this report, and list 
their primary objectives.

The discipline of anthropology seeks to understand the many intricate aspects of what it means to be human. 
Derived from the Greek word anthropos, meaning “human,” and logia, referring to the “study of,” anthropology 
seeks to shed light on human behavior, biology, language, and culture in past and present contexts. Anthropology is a 
holistic discipline that encompasses multiple subdisciplines. The four most common subdisciplines are archaeology, 
sociocultural anthropology, linguistic anthropology, and physical/biological anthropology. These subdisciplines are 
not mutually exclusive, and each seeks to define and interpret various aspects of the human condition. Archaeology 
reconstructs the history of past populations through contextual analysis of the artifacts and structures (i.e., material 
culture) that these populations have left behind. Sociocultural anthropology uses observation and interviews of par-
ticipants to understand cultural groups or subcultures. Linguistic anthropology investigates the origins and use of 
language, as well as language changes over time. Physical/biological anthropology studies human biological origins, 
adaptation, and variation in an evolutionary context, as well as the life histories of our nonhuman primate relatives. 
Each subdiscipline of anthropology is broken down further into smaller, more specialized subfields or applied areas 
of study that focus on specific aspects of what it means to be human. Figure 1.1 illustrates several common subfields 
of archaeology, cultural anthropology, linguistic anthropology, and physical/biological anthropology.

Forensic anthropology is an applied subdiscipline of physical/biological anthropology. Forensic anthropologists use 
their knowledge of modern human skeletal variation to help law enforcement identify unknown decedents and, 
if possible, provide information about the circumstances surrounding a death. The American Board of Forensic 
Anthropology defines forensic anthropology as “the application of the science of physical or biological anthropology 
to the legal process,” adding that “[p]hysical or biological anthropologists who specialize in forensics primarily focus 
their studies on the human skeleton” (www.theabfa.org).

Forensic anthropologists employ the principles of skeletal growth, development, degeneration, and variation to ascer-
tain biological information about an individual, such as age, sex, ancestry, and stature. These four components are 
collectively referred to as the biological profile. If the remains are human, modern, and of forensic significance, a 
forensic anthropologist constructs a biological profile to assist law enforcement in identifying the unknown dece-
dent. Forensic anthropologists may also use their understanding of bone biomechanics (i.e., the way in which bone 
behaves under certain loads or forces) and/or bone healing to evaluate skeletal trauma. (The interpretation of skeletal 
trauma is discussed in detail in Chapter 13.) Furthermore, forensic anthropologists apply the principles of forensic 
taphonomy and bone weathering to determine what happened to the remains in a given depositional environment. 
Forensic taphonomy encompasses animal activity and bone weathering due to environmental factors such as sun, 
soil, plants, and humidity and is discussed further in Chapter 15.

Nationally, anthropology is recognized as one of the forensic sciences by the American Academy of Forensic Sciences 
(AAFS). The AAFS has 11 sections, each representing a different subdiscipline of forensic science. The AAFS has spe-
cific requirements for membership, as do each of the sections within the academy. Requirements have been developed 
for various levels of membership, from student and trainee affiliate members to associate and full members and fellows. 
Promotion from one level of membership to the next is contingent on completing the necessary requirements 

http://www.theabfa.org
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for promotion, which vary by section. Figure 1.2 presents the membership of each AAFS section as a percentage of 
the total AAFS membership. Figure 1.3 imparts the notion that, although anthropology is not the largest section, it is 
the section with the highest percentage of student or trainee affiliates. This may represent a significant trend for the 
future membership of the Anthropology Section of the AAFS.

Of the AAFS-recognized forensic science disciplines, anthropologists work most closely with forensic patholo-
gists and forensic odontologists. Forensic pathologists are medical doctors with specialized training in pathology. 
Pathologists conduct forensic autopsies and determine cause of death. Forensic pathologists consult forensic anthro-
pologists to examine skeletal, badly decomposed, severely burned, fragmentary, or commingled remains and sub-
mit a case report. Forensic odontologists are also referred to as forensic dentists. Forensic anthropologists rely on 
forensic odontologists to certify a positive identification of human remains by using the dentition. In these instances, 
the odontologist compares antemortem records (typically radiographs) with postmortem radiographs to make the 
identification.

Most forensic anthropologists are affiliated with the AAFS, as well as with the International Association of Forensic 
Sciences (IAFS). Forensic anthropologists also disseminate research at the American Association of Physical 
Anthropologists (AAPA’s) annual meetings. In addition, several regional forensic anthropology organizations exist 

• Forensic anthropology
• Evolutionary medicine
• Nutritional anthropology
• Primate conservation

• Human rights
• Medical anthropology
• Urban anthropology
• Economic anthropology

• Cultural resources management
• Landscape archaeology
• Forensic archaeology
• Historic preservation

• Discourse analysis
• Second language acquistion
• Forensic linguistics
• Translation

Linguistic
anthropology

Archaeology

Cultural
anthropology

Biological
anthropology

Figure 1.1 Subfields within the four major subdisciplines of anthropology.
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throughout the United States: Mountain, Swamp, and Beach Forensic Anthropologists (MS&B—Southeast United 
States); Mountain, Desert, and Coastal Forensic Anthropologists (MD&C—Southwest United States); Northeast 
Forensic Anthropology Association (NEFAA—Northeast United States); and Midwest Bioarchaeology and Forensic 
Anthropology Association (BARFAA—Midwest United States). The annual meetings of these organizations, though 
often a slightly less formal affair than the AAFS annual meetings, allow for the presentation of anthropological 
research and symposium discussions that facilitate the dissemination of research and scholarship in burgeoning 
areas of physical and forensic anthropology.

FORENSIC ANTHROPOLOGY IN THE PUBLIC EYE

The rising popularity of the forensic sciences as a result of popular crime novels and television (TV) dramas such as 
CSI and Bones has led to a misconception about the true nature of forensic anthropology. Forensic cases are not solved 
in a day, and, unfortunately, many cases go unsolved for years or even decades. Furthermore, although DNA is an 
excellent way to identify unknown persons, it is expensive and time-consuming, often taking six months or more to 
get results. Whenever possible, a forensic anthropologist seeks dental records or other radiographs to make a positive 
identification, because these methods are quick and inexpensive.* This also helps alleviate DNA laboratories of exces-
sive backlogs, so that they can process other pertinent crime scene material. Nonetheless, there are some informative 
nonfiction texts and TV shows that give an accurate depiction of forensic anthropology. For a list of some of these 
resources, please see the Additional Information section of this chapter.

WHAT WE ARE “NOT”: DEBUNKING HOLLYWOOD MYTHS

Some popular TV dramas give inaccurate depictions of the forensic sciences. In most crime scenes, multidisciplinary 
collaborations between various branches of the forensic sciences are necessary to solve a crime. For example, crimi-
nalists process scene evidence such as fingerprints and blood spatter, toxicologists process evidence from bodily 
fluids, pathologists conduct a forensic autopsy on the body, and anthropologists assist with skeletal trauma analysis. 
Each of these tasks is accomplished by trained professionals within each discipline and not by a single person with 
training in all areas of the forensic sciences. In other words, the forensic sciences are splintered into a number of 
highly specialized fields. This ensures that all aspects of a crime scene are analyzed by qualified experts and then 
assembled to give the most complete picture possible. Certainly, fictional TV dramas use their artistic license in 
order to present a case in a one-hour time slot, using a limited number of actors. Nonetheless, a number of nonfiction 
programs give more accurate depictions of how forensic scientists work together to solve crimes (e.g., Forensic Files, 
The New Detectives, and FBI Files).

Another misconception about forensic anthropology involves the educational requirements to practice forensic 
anthropology. There is no formal degree in “forensic anthropology” in the United States; instead, forensic anthro-
pologists pursue a degree in anthropology, with a concentration in physical or biological anthropology and further 
specialization in forensic anthropology. Forensic anthropologists are proficient in skeletal biology, anatomy, and 
modern human variation. In addition, many forensic anthropologists are knowledgeable in bone injury biomechan-
ics, pathology, and taphonomy, as well as statistics and archaeological recovery methods. Anthropologists emphasize 
a four-field approach and receive training in each subfield of anthropology. As a result of this multifaceted educa-
tional training, forensic anthropologists bring a unique perspective to understanding human variation in that they 
consider the biological and sociocultural determinants of human skeletal biology. For example, characteristic skeletal 
features indicate whether a skeleton is male or female, but other skeletal markers can reveal aspects of an individual’s 
identity, such as socioeconomic status, health history, and occupation. These clues give law enforcement a more 
 complete picture of an unidentified person and assist greatly in the search for identity.

Unfortunately, with the increasing number of TV dramas and movie plots based on the forensic sciences, the line 
between fiction and reality has become effectively blurred. This has resulted in general public being increasingly 

* Methods of positive identification are discussed in Chapter 16.
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aware of the forensic sciences but not necessarily well versed on what can actually be achieved through each type of 
analysis. Consequently, potential jurors and members of the public may have expectations of forensic analyses that 
are unattainable and unwarranted. Moreover, the fictionalization of forensic practitioners’ ability to be able to ana-
lyze and report on multiple aspects of a crime (such as the fingerprint analysis, ballistics, and autopsy report) can 
cause confusion when the data are presented to families or in the courtroom. In sum, while these shows are intended 
to intrigue the audience and present a plausible (however unlikely) crime scene, it would behoove the curious viewer 
to perform a critical analysis of what is fact, what is fiction, and what is a stretch with regard to the forensic sciences, 
or for that matter, any discipline that is represented in a TV drama or movie.

EDUCATIONAL AND EMPLOYMENT OPPORTUNITIES

In order to practice forensic anthropology, a master’s or doctorate in physical or biological anthropology with addi-
tional training and experience in forensic anthropology methods is recommended. Students interested in this career 
path should consult the website of American Board of Forensic Anthropology (http://www.theabfa.org/) for addi-
tional information. The website of Scientific Working Group for Forensic Anthropology also offers a list of jour-
nal articles and publications concerning forensic anthropology practice and theory that was created by the Society 
of Forensic Anthropologists (SOFA); this resource can be found at http://www.swganth.org/news–resources.html. 
Although universities do not offer a formal “forensic anthropology” degree, a number of anthropology programs 
offer a focus in forensic anthropology. In addition to an anthropology curriculum, students may benefit from course-
work in genetics and biomechanics. According to a 2009  survey of the AAFS’s Anthropology* section members, 
nearly half of practicing forensic anthropologists (44.5%) are employed at an academic institution and do forensic 
casework on a consulting basis (Agostini and Gomez 2009). Within academia, forensic anthropologists are typically 
employed as physical anthropologists, anatomists, osteologists, and/or skeletal biologists. Other common employ-
ment agencies are medical examiner and coroner’s offices (19.1%), federal agencies (12.7%), private consulting firms 
(i.e., self-employed consultants) (5.5%), museums (2.7%), and nonprofit organizations (2.7%). The remaining 12.7% 
of the members surveyed were retired or students. The survey by (Agostini and Gomez 2009) also revealed that the 
majority of forensic anthropologists report an annual income of $50,000–$100,000.

It is highly recommended that students interested in pursuing a career in forensic anthropology or any of the foren-
sic sciences, whether applied or research-oriented, read the recent National Academy of Sciences (NAS) report 
entitled “Strengthening Forensic Science in the United States: A Path Forward” (2009), as this report will likely 
affect training, policy, and practice in the forensic sciences for years to come (see section on the NAS report later in 
this chapter).

BRIEF HISTORY OF FORENSIC ANTHROPOLOGY

Forensic anthropology is a relatively young subfield within biological anthropology. The development of forensic 
anthropology is divided into three periods that are divided by events that arguably changed the path of the field: the 
formative period (early 1800s–1938), the consolidation period (1939–1971), and the modern period (1972–present).

FORMATIVE PERIOD (EARLY 1800s–1938)

The origin of forensic anthropology is said to lie within the twisted tale of the Parkman murder in 1849. Dr. George 
Parkman was a physician who donated the land to Harvard, on which the medical school was built. Dr. Parkman 
was murdered by Harvard’s Chemistry Professor John Webster in the medical building. Dr. Webster had purport-
edly borrowed money from Parkman and killed him to avoid paying back the debt. The local newspapers reported 
the salacious details of the case, suggesting that Webster mutilated Dr. Parkman’s body, put parts of it in the anatomy 
laboratory and in a septic tank, and burned the head in the furnace. Harvard’s anatomy professors Oliver Wendell 
Holmes and Jeffries Wyman were asked to aid in the investigation of Dr. Parkman’s death. Wyman and Holmes were 
able to put the pieces back together and to suggest that the skeleton belonged to a person whose description was con-
sistent with George Parkman. Webster was eventually convicted of the murder when dentures found in the furnace 
were shown to match a mold of Parkman’s teeth that his dentist had used to make the dentures.

* When the study was published, the Anthropology Section of the AAFS was known as the Physical Anthropology section. 

http://www.swganth.org/news%E2%80%93resources.html
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The first avid practitioner of the applied study of forensic anthropology was Thomas Dwight (1843–1911). Dwight 
was considered the father of forensic anthropology in the United States (Stewart 1979), because he was one of the 
first Americans to discuss how to identify remains using information obtained from the human skeleton. In 1878, 
Dwight submitted an essay to the Massachusetts Medical Society entitled, “The Identification of the Human Skeleton. 
A Medico-Legal Study” (Dwight 1878). Dwight succeeded Oliver Wendell Holmes in the Parkman Professorship of 
Anatomy position at Harvard. As a trained anatomist, Dwight recognized the need for research on methods to deter-
mine age, sex, and stature from the skeleton.

George Dorsey (1839–1931) learned from Dwight’s research at Harvard. Dorsey received his doctorate from Harvard 
in anthropology in 1894 and became curator of the Field Museum of Natural History in Chicago. It was at this 
museum that Dorsey tested his theory that the articular surfaces of long bones could be used as an indicator of sex; 
he concluded that humeral head diameter was a better diagnostic tool for sex estimation than the femoral head diam-
eter, a point later confirmed by (Dwight 1905). Dorsey was asked to consult on the case of the Leutgert murder, in 
which the Chicago sausage maker Adolph Leutgert was accused of killing his wife by placing her in a vat of potash, 
which effectively dissolved most of the body, except four small pieces of bone and the ring that she normally wore. 
Dorsey was able to say that the fragments came from a human rib, hand, and foot. Leutgert was later convicted, but 
Dorsey faced harsh criticism from other anatomists of the time for his testimony and conclusions in this case. This 
criticism is said to have caused Dorsey to abandon further pursuit of forensics, although (Stewart 1979) believes 
that Dorsey’s assertions about the skeletal remains were correct. At the beginning of World War I, Dorsey removed 
 himself from academe and joined the U.S. Navy.

Harris H. Wilder (1864–1928) was a contemporary of George Dorsey, whose most notable contribution to forensic 
anthropology dealt with personal identification. Wilder was a European-trained zoologist, who became interested 
in physical anthropology while teaching at Smith College late in his career. Wilder’s physical anthropological focus 
was on dermatoglyphics (fingerprint analysis) and facial reconstruction by using skulls. Wilder and Bert Wentworth 
published a book in 1918 entitled Personal Identification: Methods for the Identification of Individuals, Living or Dead 
(Wilder and Wentworth 1918). However, (Stewart 1979) points out that this text has no mention of Dwight’s previ-
ous research on identification, suggesting that at that point, Dwight’s research may not have found its way to other 
scholars within and outside of the field.

Another American anatomist whose work had implications for forensic anthropology was Paul Stevenson (1890–
1971). Stevenson spent a good deal of his career studying in China. He contributed two important publications deal-
ing with age determination based on epiphyseal union (Stevenson 1924) and stature estimation by using long bones 
in a Chinese population (Stevenson 1929). However, it is unclear if Stevenson was aware of the impact of these con-
tributions on forensic anthropology.

According to (W.M. Krogman 1976), Aleš Hrdlička (1869–1943) was the “founding father of American Physical 
Anthropology.” Hrdlička was born in Bohemia in 1869 and came to New York in 1882, at the age of 13 years, where he 
worked as a cigar maker and went to school at night. After a bout with typhoid at the age of 19 years, Hrdlička began to 
study medicine at the Eclectic Medical College of New York City, where he graduated in 1892. He went on to study at 
the New York Homeopathic College for two years, and he took an internship at the New York Homeopathic Hospital for 
the Insane, where he published on the somatometry of adult patients with various types of insanity. In 1896, Hrdlička 
received his training in physical anthropology in Paris under Manouvrier, where he learned how to measure the skel-
eton quantitatively. In 1897, Hrdlička began to study human skeletons at the College of Physicians and Surgeons in 
New York City. In 1899, Hrdlička embarked on a series of trips to study the American Indians of the southwestern 
United States and northern Mexico for the American Museum of Natural History. In 1903, he became a part of the 
Division of Physical Anthropology at the U.S. National Museum in Washington, DC (now known as the Smithsonian), 
and became  curator in 1910. Hrdlička was a giant in the field of physical anthropology. He founded the American Journal 
of Physical Anthropology (AJPA) in 1918 and the American Association of Physical Anthropologists (AAPA) in 1928,   
two contributions for which he is often remembered most. Hrdlička was the editor of AJPA from 1918 until 1942.

Another physical anthropologist whose work on human variation shaped the theoretical foundations of biological 
and forensic anthropology was Earnest A. Hooton (1887–1954). Hooton received his doctorate in liberal arts at the 
University of Wisconsin in 1911. In 1912, he received his diploma in anthropology from Oxford University, and the 
following year, he joined the anthropology department at Harvard. Hooton’s research focused on human variation 
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with respect to human origins and adaptation. Under his direction, Harvard became an important center for training 
physical anthropologists, and his students became prominent practitioners in the field.

T. Wingate Todd (1885–1938) was also a prolific researcher in anatomy and physical anthropology during the latter 
part of the formative period. Todd’s work influences forensic anthropology even today. Todd was interested in skele-
tal aging methods and growth and development. He was trained in England as an anatomist and moved to the United 
States in 1912 to take Dr. Carl Hamann’s vacated teaching position at Western Reserve University (Dr. Hamann had 
become Dean of the medical school). A recent change in Ohio state law permitted professors to retain cadavers that 
the medical students dissected, and Drs. Todd and Hamann had the foresight to begin an anatomical collection that 
would soon surpass any other in existence in terms of number of specimens and level of documentation (i.e., age, sex, 
ancestry, stature, weight, cause of death, and case history). In addition, Todd took anthropometric measurements and 
photographs of most of the cadavers. By the time of his death in 1938, Todd had managed to build a skeletal research 
collection containing over 3000  documented individuals. He used the specimens in the collection for numerous 
anatomical and anthropological studies, and the Hamann–Todd Collection continues to be an important resource 
for skeletal biology research today.

Todd’s contributions to anthropology are numerous and include documentation of differences in limb proportions 
between American Blacks and Whites; establishment of the usefulness of endo- and ectocranial suture closure for 
age estimation; development of an age estimation method based on the pubic symphysis; establishment of principles 
of epiphyseal union; and extensive documentation of human postcranial and craniofacial growth, development, and 
maturation. During his career, Todd authored nearly 200 publications in anatomy and physical anthropology, many 
of which have significant implications for forensic anthropology. In addition, two of his students, Wilton Krogman 
and Montague Cobb, went on to make important contributions to physical anthropology. We discuss Krogman in 
the following sections, but his legacy includes the landmark bulletin Guide to the Identification of Human Skeletal 
Material (Krogman 1939), as well as the close mentoring of William M. Bass. Cobb was the first African-American 
to earn a Ph.D. in physical anthropology and left behind a legacy reminiscent of his mentor. The W. Montague Cobb 
Human Skeletal Collection at Howard University contains approximately 700 skeletons and serves many of the same 
research purposes as the Hamann–Todd Collection in Cleveland.

Robert J. Terry (1871–1966) was also an anatomist who had the foresight to curate a research collection of skele-
tal remains. Dr. Terry was an anatomy professor and department head at Washington University Medical School in 
St.  Louis, Missouri. In the same manner as Todd, Terry began collecting skeletal remains from medical school cadavers 
during the 1920s. Terry Collection cadavers have associated morgue records with the individual’s name, sex, age, ances-
try, date, and cause of death. Terry also took photographs and anthropometric measurements of most of the cadavers, 
as well as skin and hair samples; however, only the hair samples remain today. In addition, plaster death masks were 
made of 836 of the cadavers. Terry retired in 1941, and Dr. Mildred Trotter (1899–1991) assumed his anatomy teaching 
position and continued to build the collection, until she retired 26 years later. Today, the nearly 2000 skeletons of the 
Terry Anatomical Collection are housed in the Smithsonian Institution in Washington, DC.

CONSOLIDATION PERIOD (1939–1971)

It has long been posited that the end of the initial period of forensic anthropology (here termed the formative period) 
and the beginning of the consolidation period were marked by the publishing of Wilton Marion Krogman’s Guide 
to the Identification of Human Skeletal Material in the Federal Bureau of Investigation’s (FBI’s) Law Enforcement 
Bulletin in 1939. This publication summarized all that had been discovered about the identification of skeletal 
remains until that time. The significance of this publication is that, for the first time, an article pertaining to forensic 
identification had been written by an anthropologist and was included in a journal focused on forensics, as opposed 
to anatomy or the broader discipline of physical anthropology.

Wilton Marion Krogman’s prestigious career began in the spring of 1925, where he first lectured in physical anthropol-
ogy at the University of Chicago. Krogman insisted that it was this experience, coupled with a term paper assignment 
on the anthropology of teeth given by his professor Dr. Fay-Cooper Cole, that focused his entire professional career:

That did it! Teeth lead to jaws, jaws to face, face to head, head to body: in other words a coordinated whole. But more than 
that, it led from statics to the dynamics of age progress. Thus launched my life-work in growth and development, compara-
tive and human anatomy (Krogman 1976).
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The term paper introduced Krogman to paleontology, orthodontia, and the work of T. Wingate Todd. Krogman 
submitted a reworked version of this term paper to the First District Dental Society of New York City’s Morris L. 
Chaim Prize, where T. Wingate Todd was one of the judges. Krogman won the prize, and Todd saw promise in the 
paper and in Krogman. On a stopover in Chicago, Todd sought out Krogman, who indicated that he would like to do 
graduate work with Todd. In 1928, Krogman was awarded the Cleveland Foundation Fellowship in anatomy, thanks 
to Todd’s arrangements. Krogman wrote his dissertation under Todd’s direction. In 1929, Krogman instructed at the 
University of Chicago, and in 1930, he took a fellowship at the Hunterian Museum at the Royal College of Surgeons 
in London. In 1931, Krogman became an associate professor of anatomy and physical anthropology at Western 
Reserve University. Krogman’s appointment at his mentor’s department put him in contact with the foremost physi-
cal anthropologists of the time. As Krogman (1976) explained, “Todd’s department was a magnet for the physical 
anthropologists of the 1930s.”

Krogman expanded upon his article in the FBI bulletin and produced the first textbook in Forensic Anthropology, 
entitled The Human Skeleton in Forensic Medicine (Krogman 1962). The textbook focused on the practical application 
of human osteology to forensics. Krogman’s text became the primary reference for physical anthropologists  practic-
ing forensic anthropology, much like his 1939 article had been at the time of its publication. The theme of the book 
was human variation. Krogman emphasized that the methods identified within the text did not present hard and fast 
rules; instead, they were meant to be guidelines for assessing remains, with the understanding that humans repre-
sented a wide range of morphological variability. Krogman’s dedication to research helped push forensic anthropol-
ogy forward. He imparted a great deal of his wisdom on his graduate students. One of these students, William M. Bass, 
undoubtedly had the greatest impact on the modern era of forensic anthropology. We discuss the influence and 
legacy of Bass in greater detail in the following sections.

MODERN PERIOD (1972–PRESENT)

The founding of the Physical Anthropology Section of the American Academy of Forensic Sciences (AAFS) in 
1972 is often referred to as the beginning of the modern period in forensic anthropology. At this time, the term 
“forensic anthropologist” began to be used on a regular basis to refer to practitioners in the field. The section 
founding was thanks in a large part to Ellis R. Kerley (1924–1998). Kerley had joined AAFS in 1968 as part of 
the pathology/biology section. Through his encouragement, other physical anthropologists also joined the AAFS. 
By 1972, with 14 anthropologists as members of the academy, Kerley and colleagues had exceeded the minimum 
number of members required to establish a new section. Thus, the Physical Anthropology Section of AAFS was 
born, and this formal organization of the field provided an appropriate stage for the presentation of new ideas. In 
addition, the academy’s flagship journal, Journal of Forensic Sciences, was well suited for research concerning new 
methods in the identification of skeletal remains.

Ellis Kerley was also instrumental in establishing the American Board of Forensic Anthropologists (ABFA) in 1977. 
This board certifies forensic anthropologists in a similar manner to the certification of physicians by their various 
boards, using a rigorous application and examination process to ensure that each diplomate of the board is qualified 
and competent to undertake forensic anthropology casework. In 1987, Kerley became the forensic anthropology con-
sultant and scientific director of the United States Army Central Identification Laboratory in Hawaii, where he over-
saw the identification of repatriated war remains. He also served as president of the AAFS from 1990 to 1991. In 2000, 
the Ellis R. Kerley Forensic Sciences Foundation was established in his memory. The foundation is dedicated to fur-
thering the development of forensic anthropology by assisting students in the field of anthropology and continuing 
the research in forensic identification of the skeleton (http://www.kerleyfoundation.org/). Each year, the foundation 
issues at least one scholarship to a graduate student who is enrolled in a physical or forensic anthropology program 
and who is involved with the AAFS or the ABFA. In addition, the foundation hosts a reception at the AAFS annual 
meetings, where it presents an award to recognize innovative efforts to continue research in human identification.

As mentioned earlier, William M. Bass was Kerley’s student who went on to have the most significant impact on 
forensic anthropology. In the 1960s, Bass established a graduate program in physical anthropology at the University 
of Kansas and recruited Ellis Kerley and Thomas McKern to be a part of the department. This graduate program 
produced some of the foremost physical/forensic anthropologists, including Douglas Ubelaker, Walter Birkby, Judy 
Suchey, Linda Klepinger, and Richard Jantz.

http://www.kerleyfoundation.org/
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In 1971, Dr. Bass moved from Kansas to Tennessee, and in doing so, he began an anthropology program in the 
eastern United States that has produced more forensic anthropologists than any other program to date. By the time 
Dr. Bass retired in 1994, he had trained over 20  practitioners, including Bill Rodriguez, Anthony Falsetti, Hugh 
Berryman, Steve Symes, Murray Marks, Doug Owsley, Stephen Ousley, Emily Craig, and Walter Birkby (Rhine 1998). 
In fact, nearly 40% of practicing forensic anthropologists can trace some element of their academic lineage through 
Bass (Marks 1995). Many of this new generation of graduates went on to change the face of forensic anthropology 
by taking it from a strictly academic discipline, in which practitioners acted as consultants, to an applied field that 
became incorporated into the medical examiner setting. Hugh Berryman was the first forensic anthropologist to 
be employed full-time outside of academia. In 1980, he was hired as morgue director of the Shelby County Medical 
Examiner and University of Tennessee Hospital Morgue in Memphis. Over three decades, that single position grew to 
over 20 full-time positions nationwide and continues to grow today (Berryman 2009) (Figure 1.4). While the major-
ity of these positions are filled by PhDs, a little more than one-third of these employees have master’s degrees only. 
Several factors that contributed to the increase in full-time medical examiner/coroner positions over the last 30 years 
include a favorable economy, the realization that forensic anthropologists’ skills include more than just skeletal anal-
ysis, and a number of mass disasters that required anthropological expertise (i.e., the Oklahoma City bombing, the 
9/11 attacks on the Pentagon and World Trade Center, and the Tri-State Crematorium situation in Noble, Georgia) 
(Berryman 2009).

Although a number of forensic anthropologists attained full-time positions in coroner’s and medical examiner’s 
offices, many maintained academic appointments and continued to train new practitioners. For example, one of Bass’ 
students, Richard Jantz, has mentored a number of forensic anthropologists, including Stephen Ousley, with whom 
he created the Fordisc program. Fordisc stands for “forensic discrimination” and is currently in its third version. 
The Fordisc program has made it possible for forensic anthropologists to determine the sex, ancestry, and stature of 
unknown remains from cranial and/or postcranial measurements with the click of a button. We discuss this program 
in detail in Chapter 14.

ANTHROPOLOGY RESEARCH FACILITIES

Perhaps, Bass’ most notorious accomplishment is the establishment of the first outdoor research facility devoted to 
the study of human decomposition. The Anthropology Research Facility (ARF) was founded in 1980 in response to 
Dr. Bass’ realization that the forensic community needed information about the postmortem interval that was based 
on controlled scientific research on human cadavers. The need for this type of research became evident to Dr. Bass in 
1977, when he was asked to inspect decomposing remains that were discovered in a disturbed burial (Bass 1984; Bass 
and Jefferson 2003). Based on his field observations of the state of decomposition, Dr. Bass estimated that the remains 
had been in the grave for approximately 1 year. However, after exhuming the remains and bringing them back to his 
laboratory for closer inspection, he noticed aspects of the clothing that indicated that they belonged to a Civil War 
colonel. To his dismay, Bass had underestimated the time since death (TSD) by 113 years! To Bass’ credit, Colonel Shy’s 
remains had been uncharacteristically well preserved for that era owing to embalming and a high-quality iron casket. 
Nonetheless, a survey of the literature exposed a dearth of research on decomposition changes, so Dr. Bass resolved to 
remedy the situation. Fortunately, he had the full support of an open-minded UT administration and an available plot 
of land on which to establish the unconventional research facility.

The first ARF consisted of a 16-square-foot concrete slab enclosed on all sides and above by a chain-link fence. The 
first donation arrived in 1981, and three more followed that year. Many of the early donations were unclaimed bod-
ies from the State of Tennessee Medical Examiner, but as the donation program grew in popularity with increas-
ing publicity, the donor population also grew in diversity. In 2009, the ARF received its 1000th donation and has 
received nearly 1800 donations since inception. Over 3500 individuals have filed paperwork to donate their bodies 
to the ARF for scientific research. The pre-registered donor paperwork requests information about donors, such 
as birth date, sex, ancestry, height, weight, number of children, medical and dental history, occupation, habitual 
activities, handedness, shoe size, education level, childhood socioeconomic status, and photographs. In addition, 
hair and blood samples are taken as donations arrive, and fingerprints and laser scans are soon to be added to that 
protocol. As a result of the increase in body donations, the ARF has expanded its initial 16-foot plot to a 1.3-acre 
tract of land. Today, the ARF is part of a larger establishment within the UT Anthropology Department—the 
Forensic Anthropology Center (FAC). The FAC oversees all activities at the ARF, including donor relations, law 
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Figure 1.4 Forensic anthropologists working in the medical examiner’s setting between 1980 and 2010.
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enforcement training and education, public outreach, and human identification services. The FAC offers hands-on 
training in forensic taphonomy, human identification, and human remains recovery to a variety of professionals, 
including the FBI’s Emergency Response Teams, the National Forensic Academy, and participants in the FAC’s 
regular short courses.

Since its inception 30 years ago, the ARF has fulfilled Bass’ initial goal. Anthropologists now understand the vari-
ous stages of human decomposition and the variables affecting the rate at which the decomposition process occurs.* 
This understanding has enabled forensic anthropologists to give more accurate TSD estimates. While much of the 
early research focused on general decomposition changes at the macroscopic level, some of the more recent proj-
ects have begun to explore decomposition at the microscopic level. For instance, Dr. Arpad Vass isolated chemical 
signatures produced by volatile fatty acids during the decomposition process; he used this information to predict 
TSD with a high degree of accuracy (Vass et al. 1992, 2002). Vass also developed a Decompositional Odor Analysis 
(DOA) Database for surface and buried remains; this database can be used for training cadaver dogs as well as in the 
development of portable analytical instruments to locate human remains in shallow burial sites (Vass et al. 2004, 
2008). Other researchers have studied DNA recovery from various parts of decomposing remains (i.e., bone, hair, 
and fingernails) in different environmental conditions (i.e., open ground, shaded ground, buried, and aqueous) 
(Opel et al. 2006). In addition, projects have explored the effects of factors such as clothing and covers, indoor versus 
outdoor environments, insect and animal activity, and aqueous environments. One could say that for every question 
answered by research at the ARF, several more have surfaced. Many of these questions are related to the effects of 
different geographic locations and climates on the decomposition process (i.e., desert versus woodland). As a result, 
outdoor research facilities have been established at other geographic locations, and their research is helping forensic 
anthropologists obtain a more complete picture of the human decomposition process in various environments.

The first of the new generation of decomposition research facilities was opened in 2006 at Western Carolina 
University (WCU) in Cullowhee, North Carolina, as part of the Western Carolina Human Identification 
Laboratory. The WCU facility is smaller than the ARF, but it allows for the study of decomposition in a mountain 
environment. In 2008, Dr. Jerry Melbye at Texas State University in San Marcos obtained funding and land for the 
Forensic Anthropology Research Facility (FARF). The FARF is under the direction of Dr. Daniel Wescott, a former 
student of Dr. Richard Jantz, and employs other faculty, including Dr. Michelle Hamilton, a former student 
of Dr. Bass; Drs. Kate Spradley and Ashley McKeown, former students of Dr. Richard Jantz; and Dr. Nicholas 
Herrmann, a former student of Dr. Lyle Konigsberg. The facility sits on a 26-acre section of the 4200-acre Freeman 
Ranch in Texas Hill Country and has an adjoining laboratory to help with facility operations and processing. The 
ranch has already proven a valuable location to study vulture scavenging—a previously unaddressed topic in the 
literature (Reeves 2009; Spradley et al. 2012). Much like the ARF, the FARF serves as a resource for forensic anthro-
pology students and law enforcement agencies. Furthermore, the FARF is contributing much-needed data about 
decomposition in warm, arid climates.

A nearby facility has also opened recently at Sam Houston State University. The Southeast Texas Applied Forensic 
Science Facility (STAFS) is an outdoor research and training facility located on a 247-acre parcel of land near the 
Sam Houston National Forest. The research facility proper is a 1-acre plot surrounded by security fencing and 
an adjoining 8 acres of minimum security reserved for training activities. The STAFS has a variety of simulated 
environmental conditions, including a fluvial environment, and webcams are located to monitor the facility from 
computers. In addition, the STAFS has a morgue building with coolers, freezers, digital radiograph, and micro-
scope capabilities (http://www.cjcenter.org/stafs/). Human decomposition outdoor research facilities have been 
proposed in Illinois, Nevada, and even India, and decomposition research on pigs has begun in Montana, as well.

DOCUMENTED DONATED SKELETAL COLLECTIONS

Research facilities have made it possible to assemble modern skeletal collections, as well. While the Hamann-Todd, 
Terry, and Montague Cobb Collections are invaluable contributions to physical anthropology in the United States, 
the demographic profile of these collections is primarily of European American and African American individuals 

* Chapter 15 provides a detailed discussion of the decomposition process and the variables affecting decomposition rates.

http://www.cjcenter.org/stafs/
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from the early to mid-twentieth century. The human skeletal form is in a constant state of flux owing to the chang-
ing demographics of the American population and changes in diet and healthcare (to name a few factors). In order 
for forensic anthropologists to develop methods and standards to use in modern forensic casework, we need modern 
skeletal samples, and the selfless individuals who donate their remains to forensic anthropology research facilities 
have made this possible.

For example, after bodies are used for research at the University of Tennessee’s ARF, the skeletal remains are 
collected carefully, cleaned, and curated in the William M. Bass Donated Skeletal Collection, where they are 
used for teaching and research purposes. Since record keeping began in 1994, researchers ranging from uni-
versities to biomedical research companies to law enforcement agencies such as the FBI have visited the Bass 
Collection (Shirley et al. 2011). The Bass Collection is the largest collection of modern human skeletal remains 
in the country, and it has given researchers an unparalleled opportunity to gain an understanding of modern 
human skeletal variation. Researchers have documented differences between twentieth and twenty-first century 
Americans and their nineteenth century predecessors, including increases in stature and changes in cranial form 
(Jantz 2001, 1999, 2000; Meadows and Jantz 1995; Ousley and Jantz 1997). These studies have demonstrated the 
importance of using modern skeletal samples to establish criteria for estimating age, sex, ancestry, and stature 
from skeletal remains. The Bass Collection is predominantly of American White males, but the demographic 
profile is increasing in diversity each year. Presently, the collection contains Americans of European, African, 
Hispanic, Native American, and Japanese ancestries. It comprises ∼70% males and 30% females, with ages rang-
ing from fetal to 101 years. To date, 800 of the skeletons have been scanned using computed tomography (CT) 
scanning, and these scans have been used in a variety of research projects in anthropology as well as biomedi-
cal engineering, including the development of a female knee implant design by Dr. Mohamed Mahfouz and 
colleagues in the UT Department of Mechanical, Aerospace, and Biomedical Engineering (Shirley et al. 2011).
The Forensic Anthropology Research Facility (FARF) at Texas State University follows the ARF model and 
accessions donor skeletal remains into the Texas State Donated Skeletal Collection for scientific research and 
education purposes.

Another important collection of modern human skeletal remains is the Maxwell Museum Documented Skeletal 
Collection at the University of New Mexico. This collection was established in 1984, and it contains over 200 indi-
viduals with documented age, sex, ancestry, and cause of death. In addition, health and occupational data are available 
for donations dating 1995 and later. The Maxwell Donated Collection is housed in the Osteology Repository directly 
above the Maxwell Museum Laboratory of Human Osteology and serves as a resource for training, education, and 
research. During his tenure at University of New Mexico (UNM), Dr. Stan Rhine often consulted the collection to 
answer questions about forensic cases that he consulted on for the New Mexico Office of the Medical Investigator 
(Rhine 1998). In addition, the collection has been used for instructional seminars in forensic anthropology and for 
research concerning bone response to repetitive motions, skeletal manifestations of disease, skeletal trauma, identifi-
cation of handedness, and modern human variation.

Finally, a number of forensic anthropology laboratories curate remains from unsolved cases, as well as remains donated 
by the families of victims. The Louisiana State University FACES Laboratory is one such laboratory. Although these 
collections do not have the extensive documentation that is associated with the donated collections at the University 
of Tennessee and the University of New Mexico, they serve as valuable research resources.

ETHICS IN PRACTICE AND RESEARCH

Unfortunately, when judged by today’s ethical standards, physical anthropology has a tainted past when it comes 
to handling skeletal remains. Some of the existing skeletal collections (particularly collections of Native American 
remains) were obtained in an opportunistic manner that would be considered unethical today. However, at the time 
that the collections were amassed, there were no laws or regulations governing the collection and handling of human 
skeletal remains. Laws such as the Native American Graves Protection and Repatriation Act (NAGPRA, 1990) 
set a precedent for addressing ethical concerns that have spread beyond the handling of Native American skeletal 
material. Physical anthropologists have made great strides in correcting the misdoings of early practitioners, and 
in doing so, they have created an environment in which research and education are conducted with the utmost 
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respect and reverence. As researchers and curators of human skeletal material, physical anthropologists take their 
moral responsibility seriously. Indeed, a number of physical anthropologists have become involved in human rights 
organizations around the globe. Forensic anthropologist bring valuable skills to the table in dealing with human 
rights violations, including the ability to sort commingled remains in mass graves, establish a biological profile from 
unidentified skeletal remains, evaluate skeletal trauma, ascertain manner and/or cause of death, and handle the 
sociocultural factors affiliated with this type of work. Forensic anthropologists have done work in Bosnia, Kosovo, 
Rwanda, Argentina, Peru, Colombia, and Iraq, to name a few countries. This type of work and the organizations 
under which it is  performed are discussed in Chapter 17.

BEST PRACTICE IN FORENSIC ANTHROPOLOGY: FROM SWGANTH TO OSAC

Germane to the topics covered in this chapter is a brief review of several important developments within the larger 
forensic science field. This includes the National Academy of Sciences (NAS) report entitled “Strengthening Forensic 
Science in the United States: A Path Forward” (2009) as well as the work of the Scientific Working Group for Forensic 
Anthropology (SWGANTH) and the Organization of Scientific Area Committees (OSAC).

The NAS report is a final grant report published by the U.S. Department of Justice and contains recommendations 
for improving research, practice, and training in the forensic sciences. (For more information on the NAS report, 
please go to https://www.ncjrs.gov/pdffiles1/nij/grants/228091.pdf.) The report proposed the creation of an inde-
pendent federal entity, to be named the National Institute of Forensic Science, to serve as an administrator and 
advisory board to enforce best practice in the forensic sciences. Many predicted that the NAS report suggestions 
would restructure the way in which many forensic anthropologists operate, particularly with respect to mandated 
laboratory accreditation and individual certification. An initial response to this report was the independent creation 
of Scientific Working Groups (SWGs) by many of the forensic science disciplines. The working group for forensic 
anthropologists is the Scientific Working Group for Forensic Anthropology (SWGANTH).

Mirrored after similar scientific working groups in other disciplines, the SWGANTH was charged with identifying 
“best practices” in forensic anthropology. The SWGANTH was established by the Department of Defense Central 
Identification Laboratory (DoD CIL) and the Federal Bureau of Investigation (FBI) and consists of a 20-member 
board that comprises forensic anthropologists from various backgrounds and agencies. In an effort to remove the 
veil that often cloaks forensic anthropology methods and practice, the SWGANTH board established committees 
to review multiple aspects of forensic anthropology and to establish a “best practice model” for each of these areas. 
These committees drafted best practice suggestions in areas pertinent to the practice of forensic anthropology, 
including proficiency testing, ethics, qualifications, laboratory management, age estimation, sex assessment, stature 
estimation, commingled remains, and many other aspects of case analyses. (For a full listing of the guidelines estab-
lished by the SWGANTH, go to www.swganth.org.) Despite the thorough nature of the guidelines, the SWGANTH 
does not have the ability to enforce these guidelines within the field or regulate forensic anthropology practitioners. 
Instead, the onus is on the practitioners to be certain that they are aware of these “best practices” and are striving 
to achieve these goals.

The NAS report’s recommendation to create an independent federal entity that enforces best practice in the foren-
sic sciences became a reality in 2013. The Department of Justice (DOJ) partnered with the National Institute of 
Standards and Technology (NIST) to create the National Commission on Forensic Science. The commission seeks 
to promote scientific validity, reduce fragmentation, and improve federal coordination of forensic science. The com-
mission consists of federal, state, and local forensic science service providers, research scientists and academics, law 
enforcement officials, prosecutors, defense attorneys, and judges. The NIST, in coordination with the forensic science 
community and its practitioners, has created the Organization of Scientific Area Committees (OSAC), which will 
help develop or coordinate the development of guidelines and standards for the forensic sciences. The Scientific Area 
Committees will replace the independent SWGs and develop national standards for the forensic science disciplines.

These guidelines and standards, similar to those created by the SWGs, are intended to ensure that the highest- 
quality science is used in each of the forensic sciences and that conclusions are derived through research and testing 
and are based on rigorous scientific facts. Guidelines and standards are provided for research, testing, reporting 
and testimony for each of the recognized forensic disciplines. The OSAC has a governing board called the Forensic 
Science Standards Board, which comprises research representatives, professional association representatives, 

http://www.swganth.org
https://www.ncjrs.gov/pdffiles1/nij/grants/228091.pdf
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Scientific Area Committee (SAC) chairs, and an NIST ex officio member. This group of individuals is charged 
with overseeing all the committees and subcommittees of the OSAC, approving scientific standards, and facilitat-
ing communication among the OSAC committees and subcommittees and between OSAC and the forensic sci-
ence community. Within the OSAC, the forensic science disciplines are separated into five SACs: Biology/DNA; 
Chemistry/Instrumental Analysis; Crime Scene/Death Investigation; Digital/Multimedia; and Physics/Pattern 
Interpretation. (See Table 1.1 for a complete listing of the forensic science disciplines encompassed by each SAC.) 
Anthropology falls under the Crime Scene/Death Investigation SAC. In practice, each SAC develops scientific 
standards for the forensic disciplines covered by that committee. Then, the OSAC Forensic Science Standards 
Board approves these standards. Once accepted, the guidelines are disseminated to practitioners in the forensic 
science disciplines affected by these guidelines. More information on the OSAC can be found at: http://www.nist.
gov/forensics/osac/index.cfm.

FORENSIC ANTHROPOLOGY IN THE INTERNATIONAL ARENA

Although the primary focus of this chapter and much of this textbook is practice and research in forensic anthropol-
ogy in the United States, the discipline has an international presence as well. Chapter 17 summarizes several impor-
tant ways in which forensic anthropologists are employed in the global arena. The above-mentioned International 
Association of Forensic Sciences (IAFS) is a worldwide association of academics and practicing professionals from 
various disciplines in forensic science; it holds meetings every three years. Forensic Science International is an English 
journal that publishes original contributions in the forensic sciences and has an international audience. In addition, 
a number of non-English journals publish forensic research and case reports.

The Forensic Anthropology Society of Europe (FASE) also offers a certification process for forensic anthropologists. 
It is structured differently than that provided by the American Board of Forensic Anthropologists. The FASE certifi-
cation has three levels: one for practitioners with a master’s degree (level II); a more advanced certification for practi-
tioners with more experience and an MD or PhD (level II), and the Honoris Causa certification for more experienced 
and established practitioners, who have been practicing for at least 15 years.

Table 1.1 Current listing of the Scientific Area Committees and the Forensic Science 
Disciplines covered by each committee.

Scientific Area Committee
Forensic Science Disciplines covered 

by committee

Biology/DNA Biological data interpretation and reporting
Biological methods
Wildlife forensics

Chemistry/Instrumental Analysis Fire debris and explosives
Geological materials
Gunshot residue
Materials (trace)
Seized drugs
Toxicology

Crime Scene/Death Investigation Anthropology
Disaster victim identification
Dogs and sensors
Fire and explosion investigation
Medico-legal death investigation
Odontology

Digital/Multimedia Digital evidence
Facial identification
Speaker recognition
Video/imaging technology and analysis

Physics/Pattern Interpretation Blood stain pattern analysis
Firearms and toolmarks
Footwear and tire
Forensic document examination
Frictionridge

http://www.nist.gov/forensics/osac/index.cfm
http://www.nist.gov/forensics/osac/index.cfm
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Skeletal collections (both modern and archaeological) are also available for research in various countries throughout 
the world, including South Africa, Colombia, Portugal, England, France, Germany, China, and Japan. However, to 
the knowledge of these editors, outdoor human decomposition research facilities are not known outside of the con-
tinental United States.

Readers interested in the practice of forensic anthropology outside of the United States are encouraged to consult 
Dr. Douglas Ubelaker’s (2013) edited volume Forensic Science: Current Issues, Future Directions.

SUMMARY

In summary, forensic anthropology can be described as an applied subdiscipline of physical/biological anthropology. 
In practice, forensic anthropologists assist the medico-legal community in the identification of unknown remains by 
developing a biological profile by using information gleaned from a skeletal examination. They are often involved in 
trauma analysis of the skeleton, postmortem interval estimation, single and mass burial excavations, mass disasters, 
and human rights work. The unique multi-disciplinary training of forensic anthropologists enables them to bring a 
unique perspective to understanding human variation in that they consider the biological and sociocultural deter-
minants of human skeletal biology.

Forensic anthropologists in the United States are affiliated with the American Academy of Forensic Sciences (AAFS), 
International Association of Forensic Sciences (IAFS), and American Association of Physical Anthropologists 
(AAPA). Many forensic anthropologists also attend regional conferences. The Anthropology Section of the AAFS 
was founded in 1972 and comprises 7% of the AAFS membership; it has the largest percentage of student members 
of any of the sections.

The history of forensic anthropology can be subdivided into three distinct periods, each initiated by an important 
publication or event. The Formative Period (early 1800s–1938) began with the earliest practitioners and researchers, 
most of whom were anatomists. The Consolidation Period (1939–1971) began with Krogman’s 1939 publication in 
the Federal Bureau of Investigation’s (FBI’s) Law Enforcement Bulletin (Guide to the Identification of Human Skeletal 
Material). The Modern Period (1972–present) began with the founding of the Physical Anthropology Section of the 
American Academy of Forensic Sciences (AAFS) in 1972. Key events and influential figures in each of these periods 
helped shape forensic anthropology into the discipline that it is today.

Documented skeletal collections and outdoor research facilities serve as the laboratories for much of the research 
in forensic anthropology and as a data source for developing and validating methods. The University of Tennessee’s 
Anthropology Research Facility (ARF) was established in 1981. It is the oldest of the human decomposition outdoor 
research facilities in the United States. Texas State University’s Forensic Anthropology Research Facility (FARF) was 
founded in 2008. Other facilities exist (e.g., Sam Houston State University’s Southeast Texas Applied Forensic Science 
Facility [STAFS] and a facility at Western Carolina University), and still others are proposed each year. These facilities 
contribute much-needed data about decomposition in various climates and geographic regions. They also offer train-
ing courses to law enforcement, educators, practitioners, and researchers, and they have made it possible to assemble 
modern skeletal collections to study modern skeletal variation.

The National Academy of Sciences (NAS) report “Strengthening Forensic Science in the United States: A Path Forward” 
(2009) forever changed the face of the forensic sciences. The initial response was the creation of Scientific Working 
Groups (SWGs) to make recommendations for best practice. The Scientific Working Group for Forensic Anthropology 
(SWGANTH) was established by the Department of Defense Central Identification Laboratory (DoD CIL) and the 
Federal Bureau of Investigation (FBI) and consists of a 20-member board that comprises forensic anthropologists from 
various backgrounds and agencies. SWGANTH committees have drafted best practice suggestions in areas pertinent to 
the practice of forensic anthropology, including proficiency testing, ethics, qualifications, laboratory management, age 
estimation, sex assessment, stature estimation, commingled remains, and other aspects of case analyses.

The NAS report’s recommendation to create an independent federal entity that enforces best practice in the 
forensic sciences was instituted in 2013,  when the Department of Justice (DOJ) partnered with the National 
Institute of Standards and Technology (NIST) to create the National Commission on Forensic Science. The com-
mission seeks to promote scientific validity, reduce fragmentation, and improve federal coordination of forensic 
science. The NIST has created the Organization of Scientific Area Committees (OSAC), which will coordinate 



Forensic Anthropology in the United States   19

the development of guidelines and standards for the forensic sciences. The Scientific Area Committees (SACs) 
will replace the independent SWGs and develop national standards for the forensic science disciplines. Within 
the OSAC, the forensic science disciplines are separated into five SACs: (1) Biology/DNA, (2) Chemistry/
Instrumental Analysis, (3) Crime Scene/Death Investigation, (4) Digital/Multimedia, and (5) Physics/Pattern 
Interpretation. Anthropology falls under the Crime Scene/Death Investigation SAC. The OSAC has a govern-
ing board (Forensic Science Standards Board) that comprises research representatives, professional association 
representatives, Scientific Area Committee (SAC) chairs, and an NIST ex officio member. In practice, each SAC 
develops scientific standards for the forensic disciplines covered by that committee, and then, the OSAC Forensic 
Science Standards Board approves these standards. Once accepted, the guidelines are disseminated to practitio-
ners in the forensic science disciplines affected by these guidelines.

Although this text takes a U.S.-centric approach to forensic anthropology practice and research, readers should be 
aware that the discipline has a global presence. Professional organizations, scientific journals, certification processes, 
and skeletal collections are present in many countries outside of the United States. Readers interested in the practice 
of forensic anthropology outside of the United States should consult Dr. Douglas Ubelaker’s (2013) edited volume 
Forensic Science: Current Issues, Future Directions.

Review questions

 1. List and define the subdisciplines of anthropology.
 2. Describe the general principles used by forensic anthropologists to develop a biological profile.
 3. Identify the AAFS and describe its structure.
 4. Identify the three main historic periods of the history of forensic anthropology and describe the salient event that 

initiated each period.
 5. Describe the contributions of T. Dwight, A. Hrdlička, and W. M. Krogman to physical/forensic anthropology.
 6. What do anthropologists hope to learn from outdoor research facilities?
 7. Name three documented modern skeletal collections. Why are these important to the discipline of forensic 

anthropology?
 8. What is NAGPRA and why is it important to forensic anthropology?
 9. What did the NAS report conclude regarding the state of forensic science in the United States? What has been 

done to address this?
 10. Describe the SWGANTH and its purpose.
 11. Define OSAC. What is the principle charge of this group? Where does forensic anthropology fit into the SACs?

Glossary

American Academy of Forensic Sciences (AAFS): the professional organization with which most forensic anthro-
pologists are affiliated in the United States. The AAFS is comprised of 11 sections and publishes the Journal 
of Forensic Sciences.

American Association of Physical Anthropologists (AAPA): the leading professional organization for physi-
cal anthropologists consisting of paleoanthropologists, primatologists, and forensic anthropologists. The 
AAPA publishes the American Journal of Physical Anthropology and the Yearbook of Physical Anthropology.

American Board of Forensic Anthropology (ABFA): a nonprofit organization that provides a program of certifica-
tion in forensic anthropology. Diplomates must demonstrate an ongoing record of practice and research in 
the field of forensic anthropology and engage in continuing education.

Anthropology: the discipline that studies all aspects of what it means to be human (culture, language, history and 
origins, and biology).

Biological profile: the four primary components of a person’s physical identity (phenotype) that forensic anthropolo-
gists ascertain from the skeleton: age, sex, ancestry, and stature. The biological profile helps law enforcement 
in the search for missing persons.
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Four-field approach: the study of the four subfields of anthropology in order to gain a more holistic understanding 
of humans and our ancestors (cultural anthropology, biological anthropology, linguistic anthropology, and 
archaeology).

International Association of Forensic Sciences (IAFS): the only worldwide association of academics and practicing 
professionals from various forensic science disciplines. The IAFS holds meetings every three years.

National Commission on Forensic Science: a commission created by the Department of Justice (DOJ) and the 
National Institute of Standards and Technology (NIST) upon the recommendation of the NAS report (2009). 
The commission seeks to promote scientific validity, reduce fragmentation, and improve federal coordina-
tion of forensic science.

Native American Graves Protection and Repatriation Act (NAGPRA): An Act enacted in 1990 that requires fed-
eral agencies and institutions that receive federal funding to return Native American remains and cultural 
items to lineal descendants and culturally affiliated Indian tribes. NAGPRA also establishes processes for 
the excavation or discovery of Native American cultural items and makes it a crime to traffic in Native 
American human remains without the right of possession.

Organization of Scientific Area Committees (OSAC): the overarching committee that consists of five scientific area 
committees (SACs). The OSAC coordinates development of standards and guidelines to improve quality and 
consistency of work in the forensic science community.

Scientific Working Group for Forensic Anthropology (SWGANTH): a scientific working group consisting of a 
number of committees that recommend and disseminate guidelines for best practice, quality assurance, and 
quality control in forensic anthropology.
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Maxwell Museum of Anthropology Documented Skeletal Collection (http://www.unm.edu/∼osteolab/coll_doc.html)

Midwest Bioarchaeology and Forensic Anthropology Association (http://archlab.uindy.edu/barfaa/index.php)

Mountain, Desert, and Coastal Forensic Anthropologists (http://foil.ucsc.edu/mdc/)

National Commission on Forensic Science (https://www.justice.gov/ncfs)

National Institute of Standards and Technology (http://www.nist.gov)

Organization of Scientific Area Committees (http://www.nist.gov/forensics/osac.cfm)

Scientific Working Group for Forensic Anthropology (www.swganth.org)

Skeletal Collections Database website—includes a list of collections from around the world (http://skeletal.highfantastical.com/)
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http://www.unm.edu/%E2%88%BCosteolab/coll_doc.html
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http://www.physanth.org
http://www.aafs.org
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Chapter 2

Skeletal Remains as Evidence

Marin A. Pilloud and MariaTeresa A. Tersigni-Tarrant

LEARNING OBJECTIVES

 1. Describe the process by which forensic anthropologists first assess whether the material in question is 
bone.

 2. Explain how forensic anthropologists ascertain whether bone is human.
 3. Describe how forensic anthropologists determine if human skeletal remains are modern.
 4. Explain how forensic anthropologists determine whether modern human skeletal remains are of forensic 

significance.

INTRODUCTION

When a forensic anthropologist is presented with remains suspected to be human skeletal material, it is necessary 
to assess the materials for evidentiary value. Forensic anthropologists utilize a biocultural approach to determine 
medico-legal significance. Most forensic anthropologists are trained to evaluate the cultural, archaeological, and 
physical evidence (both bone and other material) to determine if materials have forensic value. Forensic anthropolo-
gists ask a series of questions to conclude if a forensic investigation is warranted. These questions include: (1) Is the 
material bone? (2) Is the material human bone? (3) Is the material modern? and (4) Is the material of interest to the 
medico-legal community; that is, could it be related to a civil or criminal matter?

CONTENTS

Introduction 23
Is it bone? 24
Is it human? 25

How many individuals are present? 27
Is the material modern? 28
Is the material of forensic significance? 28

Remains of fetuses 29
Chain of custody 31
Conclusions 31
Summary 31
Review questions 31
Glossary 32
References 32



24    Forensic Anthropology

These are not mutually exclusive categories; for example, nonhuman or nonmodern bone may still be of medico-legal 
interest. For example, in 2009, the Michigan State University Forensic Anthropology Laboratory assisted with a legal 
dispute between two parties regarding the disappearance of 160 heads of cattle. The forensic anthropologists were 
asked to determine the number of cattle and to estimate a postmortem interval (Megyesi et al. 2011). Additionally, 
archaeological remains may be of interest in antiquities dealings or other illegal activities. Native American human 
remains are protected under the Native American Graves Protection and Repatriation Act (NAGRPA) enacted in 
1990 (“Native American Graves Protection and Repatriation Act” 1990). One of the provisions of NAGRPA is that 
criminal penalties may result from the illegal trafficking of remains protected under this provision (Section 4).

Regardless of the outcome of these questions, each one must be asked by the forensic anthropologist. The response 
to each will guide future analyses and aid law enforcement or civil parties in deciding how to proceed with the case. 
The processes involved in addressing each of these questions are outlined below.

IS IT BONE?

Many materials can look like bone to the untrained eye. Qualified biological anthropologists use their skills as oste-
ologists to determine if the material is osseous in nature. If the fragment is large enough, it should be relatively easy 
to determine the nature of the material. Smaller pieces may be more difficult to assess, particularly if the material is 
natural, as small pieces of wood, plants, charcoal, and shell can be mistaken for bone. Other materials such as rocks, 
plastic, and ceramics are also commonly mistaken for bone. Any circumstance where these materials may become 
intermixed with bone or bone fragments requires the assistance of an anthropologist to differentiate osseous from 
nonosseous materials (Figure 2.1).

There are several means to distinguish human from nonhuman material if gross examination cannot answer the 
question. Microscopic examination is the first step (Ubelaker 1998). Bone has a distinct surface that can be detected 
at even low magnification. Skeletal material has a compact cortical outer surface that appears dense and smooth. This 
layer covers a trabecular structure that looks like disorganized strands of bone under low magnification. The forensic 
anthropologist should have known exemplars of bone in the laboratory with which to compare the unknown speci-
men. A comparison of visual properties aids in determining if a material is osseous.

Radiographs are another means to determine if a material is osseous. Skeletal material is radiopaque, in that it 
absorbs and scatters radiation, giving it a white appearance on film (Fleckenstein and Tranum-Jensen 2001). A radio-
graph may quickly differentiate radiopaque material from radiolucent material, as a crude means to identify dense 
materials similar to bone in a large sample of material. For example, a good practice for a forensic anthropologist is 

“Item 2”

Additional
osseous
remains

“Item 4”

Figure 2.1 An example of separating osseous material from nonosseous material.
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to radiograph a body bag after skeletal material has been sorted and removed for analysis. An examination of the 
radiographs helps the analyst identify any skeletal material (such as a phalanx or tooth) that may have been over-
looked. This practice may be particularly important if the bag contained other materials or debris, such as wood, that 
obscured the skeletal material.

Finally, elemental analysis may aid in determining if a material is bone. A scanning electron microscope with energy dis-
persive spectroscopy (SEM-EDS) or an X-ray fluorescence (XRF) analyzer can identify the elemental composition of an 
object and help determine if the material is osseous or nonosseous (Christensen et al. 2012; Ubelaker et al. 2002). Both 
tools utilize characteristic X-ray emissions to determine the elements that are present (Houck 2015). Bone is primarily 
made of hydroxyapatite, which is a mineral composed of calcium, phosphorus, hydrogen, and oxygen (Kuhn 2007). 
SEM-EDS and XRF are best at detecting heavier elements (Houck 2015); therefore, when identifying bone, the analyst 
is most interested in identifying the presence of calcium and phosphorus, and hydrogen and oxygen are of less interest.

IS IT HUMAN?

If the material is found to be bone or teeth, the next step is to assess if the remains are human. Determining human 
versus nonhuman bone and teeth requires a trained osteologist. All aspects of the material must be scoured for evi-
dence of human morphology, especially if the material is fragmentary or taphonomically compromised. Given the 
proximity of humans to other animals, particularly large mammals, it is common for the forensic anthropologist to 
receive a mixed assemblage of faunal and human remains for examination. In those cases, it is important to separate 
all nonhuman and human remains.

If the specimen in question is relatively large or contains diagnostic morphology, a determination of whether the bone 
is human or not can usually be made through gross visual examination. The unique size and mode of locomotion of 
humans result in distinct articular surfaces and bone shapes (Figure 2.2). However, several bones from large mammals 
can closely resemble human skeletal material. For example, a highly decomposed bear paw may surprisingly approximate 
the appearance of a human hand. A trained forensic anthropologist, however, can differentiate the two based on distinct 
morphological differences. Given these similarities in mammalian species, forensic anthropologists frequently make 
assessments of human versus nonhuman bone via photographs (with scales) provided by law enforcement (Figure 2.3).

If the osseous remains are highly fragmentary, it may be difficult to use either gross morphology or size to deter-
mine if the remains are human. In these cases, it is useful to examine a histological sample of the remains by 
using a light microscope to assess whether the remains have characteristic human micromorphology. Typical adult 

Figure 2.2 Faunal remains received for examination.



26    Forensic Anthropology

human micromorphology contains osteonal bone throughout the entirety of the bone section. (See Chapter 5 for 
a more detailed discussion on human bone micromorphology.) Other nonhuman mammals have varied micro-
morphology, including plexiform bone, which is easily distinguished from human remains (Figure 2.4). However, 
some mammals have full-thickness osteonal bone; therefore, it may not be possible to differentiate human from 
nonhuman based on micromorphology. In these cases, additional analysis may be required. (See Chapter 4, Box 
4.3, for further details.)

Figure 2.3 An example of a photograph sent from law enforcement to determine if the remains are human. In this case, the teeth 
were not human.

Human femur 50X 50XDeer tibia

Figure 2.4 Differentiating human from nonhuman bone based on histology. Note that the human bone has round osteons, while 
the deer bone has brick-shaped plexiform bone.
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Finally, it is possible to determine if a piece of bone is human or not through an analysis of DNA. Studies have 
achieved success at species identification through tests of the highly conserved regions of mitochondrial 12S and 16S 
ribosomal RNA (Yang et al. 2014).

How many individuals are present?
Once bone and teeth are determined to be human, the next step is to identify how many individuals are present. 
This assessment is referred to as the determination of the minimum number of individuals (MNI). A detailed dis-
cussion of MNI assessment is provided in Chapter 18 of this volume. Briefly, an MNI estimate is made by assessing 
present skeletal elements or fragments of skeletal elements to look for duplicates or duplicating segments of bone. 
If there are two complete right femora, then you may assume that the MNI would be two, as each human only has 
one right femur.

Elements can also be segregated by age to aid in the estimation of the MNI. For example, if a right femur with 
an unfused femoral head is present (representing a skeletally immature individual) and a left femur with a fused 
femoral head is also present (representing a skeletally mature individual), the assumption could be made that 
these femora represent two different people. Large differences in size also aid in determining the MNI (Figure 2.5). 
Small  differences should be approached cautiously, as slight bilateral asymmetry is not uncommon in a single indi-
vidual. Taphonomic differences may also provide clues as to number of individuals present. Elements that have been 
in dissimilar postdepositional environments may look very different from each other.

Figure 2.5 An example of human remains (left femora) that can be sorted into distinct individuals based on size.
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IS THE MATERIAL MODERN?

Human remains are often recovered in remote locations, during construction activities, or even among personal 
belongings. When human remains are discovered, they are delivered to law enforcement or to the coroner. Depending 
on the state or the county, the coroner is usually not qualified to make a determination about forensic significance, so 
a nearby medical examiner or forensic anthropologist, or both, must evaluate the remains. This assessment involves 
looking at the following characteristics of the material: state of preservation, antemortem body modifications, asso-
ciated personal belongings, and the conditions of interment.

Initially, a consideration of postmortem interval may be appropriate. If soft tissue is in a relatively fresh state and 
adheres to the remains, the remains are probably relatively recent. However, if remains are mummified and tissues 
are desiccated, then environmental conditions must be considered carefully, since, in the right conditions, soft tissue 
can preserve for an extended period of time. See Chapter 15 for a discussion on the postmortem interval.

If remains are completely skeletonized, it may be difficult to determine the modernity of the elements. Various clues 
indicate the age and potential origin of remains. For example, working in the United States may require determining 
if remains are of archaeological significance and/or prehistoric (i.e., Native American). Several skeletal and dental 
characteristics and other physical evidence may indicate the antiquity of the remains or if they are Native American. 
Such an analysis includes a consideration of the color of the remains, as archaeological skeletal material will often be 
of a brownish color, as bones take on coloration from the surrounding matrix in which they are buried. The condition 
of the teeth may also be an indicator of antiquity. Prehistoric skeletons typically have severely worn teeth (Figure 2.6). 
Cultural indicators, such as grave goods and artifacts associated with the remains, may also be indicators of antiq-
uity. Moreover, if known, the circumstances of the interment can indicate the age (e.g., if the burial was in a flexed 
position or found in an archaeological matrix). An assessment of ancestry also assists in determining if remains are 
of archaeological significance and Native American. If the antiquity cannot be definitively ascertained through gross 
examination, radiocarbon dating can be employed to estimate the date of the skeletal material.

IS THE MATERIAL OF FORENSIC SIGNIFICANCE?

Once it is determined that the remains are human and relatively modern, it is necessary to determine if the remains 
are forensically important. The forensic anthropologist can determine whether the remains are of medico-legal inter-
est, that is, relevant to a civil or criminal matter. There are several other reasons human remains may be encountered 
that are of no interest to the medico-legal community. These alternative scenarios are outlined below and should be 
eliminated as possible sources of the remains, before a full forensic investigation can begin. Nonetheless, the remains 
may still be of forensic significance, even if found to be prehistoric or faunal.

On occasion, historic skeletal remains are recovered that are not of forensic significance. Indicators of historic remains 
might include evidence of embalming, such as embalming artifacts and heightened levels of embalming fluid in the 

Figure 2.6 An example of archaeological teeth (Left: mandible, Right: maxilla). The teeth are severely worn, with little enamel 
remaining; teeth in this condition may indicate that the remains are not modern.


