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The Proceedings of the American Academy of Forensic Sciences is an official publication of the American Academy
of Forensic Sciences (AAFS). It is devoted to the publication of the abstracts of technical oral papers and posters
presented at the AAFS Annual Scientific Conference. These include various branches of the forensic sciences such as
anthropology, criminalistics, digital evidence, forensic nursing, engineering, jurisprudence, odontology, pathology,
psychiatry, questioned documents, and toxicology. Similar submissions dealing with forensic-oriented aspects of the
social sciences are also included.

Please note that some of the abstracts included in the Proceedings deal with topics, results, and/or conclusions that are
controversial. The publication of abstracts does not imply that the AAFS, its sections, or the individual section
program chairs/committee members have verified or agree with the studies, results, and/or conclusions of each
abstract. During the process of planning a scientific program, it is impossible to “peer-review” each abstract and
presentation to the degree that is accomplished during manuscript review. Abstracts and presentations are accepted, in
part, so they can be critiqued and reviewed by other scientists. Thus, a forum is created to discuss controversial issues.
The views expressed in this publication are not those of the AAFS. The data and opinions appearing in the published
material were prepared by and are the responsibility of the contributor(s), not of the AAFS nor its respective
employees, employers, officers, and agents. The AAFS does not supply copies of meeting papers. Please write
directly to individual authors to obtain copies of specific papers. Presentation of some abstracts may have been
scheduled or canceled after the publication of this document.

English is the official language of the AAFS and its meetings; neither oral nor written translations will be provided.
Copyright 2023 by the AAFS. Unless stated otherwise, non-commercial photocopying of editorial material published
in this periodical is permitted by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in
any form other than photocopying must be obtained from the AAFS.
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\/ Special Sessions—2023

S1 Education, Training, and Experiences: The Ingredients to Make Science Work!

Zain Bhaloo, MSc*, Canada Border Services Agency, Ottawa, Ontario, Canada,; Emily Rue, PhD, lowa Department of Public Safety, Ankeny, IA;
Laura C. Fulginiti, PhD*, Forensic Science Center, Phoenix, AZ; Brandon L. Garrett, JD* Wilson Center for Science and Justice, Durham,
NC; Denise Gemmellaro, PhD*, Kean University, Union, NJ; Cheryl Hunter, AAFS, Colorado Springs, CO; Gregory E. Laskowski, MPA¥*,
Criminalistics Services International, Bakersfield, CA; Henry C. Lee, PhD*, Henry C. Lee Institute of Forensic Science, West Haven, CT; Brooke W.
Kammrath, PhD¥*, University of New Haven, CT; Barry K. Logan, PhD*, CFSRE, Willow Grove, PA; Elaine M. Pagliaro, JD*, Henry C. Lee Institute
of Forensic Science, West Haven, CT; Carrie Polston, PhD*, Universite de Lausanne, Lausanne, Vaus, SWITZERLAND; Dayla Rich, PhD*, Federal
Bureau of Investigation, Huntsville, AL; Corey W. Scott, MSFS*, Federal Bureau of Investigation, Redstone Arsenal, AL; Donald E. Shelton, PhD¥
University of Michigan-Dearborn, Saline, MI; Dirk M. Vastrick, BA*, Dirk Vastrick Presents, Spokane Valley, WA; C. Ken Williams, MSc, JD¥*,
Erin Worrell, BSc*, Denver Olffice of the Medical Examiner, Denver, CO; Charlotte Word, PhD*, Forensic Science Expert, Richmond, VA, Paul
Yount, MSFS*, Phoenix Police Department Crime Laboratory, Phoenix, AZ

Learning Overview: The Young Forensic Scientist Forum (YFSF) provides students and young professionals with less than five years of experience
an opportunity to network, collaborate and learn from fellow peers and experts in the field. This session will prepare attendees for a successful career
in their discipline of choice and allow them to look from the outside-in as they evaluate themselves and their future impact on forensic science. Our
mission is to provide education, mentorship, and resources to students and burgeoning forensic scientists to promote interest and longevity in the field
and encourage participation and advancement in the AAFS.

Impact Statement: After attending this session, attendees will better understand how forensic science has evolved over the years and how every
forensic science discipline impacts and enhances the field regardless of one’s experience and background. In addition, attendees will learn the
importance of education, extensive training, and innovative scientific research. Finally, attendees will learn about the “science” behind job interviewing
and become adept in resume building in the forensic sciences.

This year the American Academy of Forensic Sciences (AAFS) is celebrating 75 years of global engagement. The overall theme of the conference is
Science Works. In the past few years, science and the scientific method have been under attack, denigrated, and dismissed. AAFS President Laura
Fulginiti’s plan is to offer scientific content demonstrating that forensic science provides trustworthy, objective data that can be relied upon by the
judicial system, Congress, and the public. Our Special Session theme, Education, Training, and Experiences: The Ingredients to Make Science Work!,
was chosen to invigorate young forensic scientists and demonstrate how education and training play a vital role in making forensic science work. This
full-day session will show young forensic scientists that their contribution matters and that the decisions they make today can have a positive impact on
the scientific community at large.

This year the YFSF is excited to present an outstanding group of speakers. These distinguished presenters have been carefully selected to provide
exceptional mentorship to attendees through topics such as how to stay true to science, present results in a scientifically correct and neutral manner,
manage high-profile cases, and interact with prosecutors and defense attorneys. The session will also include thoughtful demonstrations on assessing
one’s professional goals, establishing what success looks like for a young forensic scientist, and thinking about one’s responsibilities as a mentor and
leader as they advance into a career.

The YFSF Special Session provides an inclusive atmosphere for young forensic scientists to have the opportunity for professional growth/development
and scientific engagement with esteemed colleagues. Through these presentations, attendees will hear from experienced practitioners as they discuss their
extensive education, training, and experiences that have led to success in their field of study. These presentations include case-driven research, innovative
methodology, scientific studies, and personal stories. Additionally, each presenter will include thoughtful discussions on their struggles and setbacks that
have ultimately made “science work.” Through this session, the YFSF aims to integrate young professionals into the field as they begin their journey into
forensic science. The YFSF offers two additional opportunities for young professionals and students: the Bring Your Own Posters (BYOP) Session and
the Bring Your Own Slides (BYOS) Session. We are excited to announce that this year we have collaborated with The Center for Forensic Science
Research and Education (CFSRE) to honor and award two outstanding scientists for their contributions to forensic science. Finally, the session will end
with a resume review workshop, so do not forget to update your resume and bring several printed copies with you to the session!

YFSF; Forensics; Special Session
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S2 HHRRC Symposium: The Contemporary Global Scope of Forensic Human Rights Investigations and a
New AAFS Initiative

Dawnie W. Steadman, PhD*, University of Tennessee, Knoxville, TX; Luis Fondebrider, BA*, International Committee of the Red Cross, Buenos Aires,
ARGENTIZA

Learning Overview: After attending this presentation, attendees will have a greater understanding of the role of and need for forensic science in human
rights investigations as well as learn of new initiatives to involve AAFS members in such projects.

Impact Statement: This presentation will impact the forensic science community by: (1) highlighting some of the current forensic science human
rights investigate efforts, and (2) providing direct access to some of the organizations and individuals currently involved in human rights investigations
globally.

The purpose of this half-day international symposium is to provide an overview of contemporary forensic science applications to human rights
investigations by some of the individuals and organizations responsible for the forensic responses, including the Equipo Argentino de Antropologia
Forense, International Criminal Court, and the International Committee for the Red Cross. There will also be a discussion of the challenges of forensic
work in these international contexts, beyond the scientific challenges. Current international protocols and standards in forensic human rights
investigations will also be presented. In addition, the HHRRC will introduce a new initiative to create a database of AAFS members who wish to be
involved in humanitarian and human rights investigations that will serve as a subject matter expert resource for inte national organizations seeking
forensic experts. The second portion of the symposium will consist of a panel of the presenters who will answer questions from the attendees.

Global; Human Rights; Investigations
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S3 Implementation of Standards: OSAC Registry Checklist

Sarah Kerrigan, PhD, Sam Houston State University, Huntsville, TX; Allison Getz, BS*, NIST, Gaithersburg, MD, Laurel Farrell, BA*, ANSI National
Accreditation Board, Firestone, CO; Erika Ziemak, MSFS* Houston Forensic Science Center, Houston, TX; Lori Nix, BS* Georgia Bureau of
Investigation, Decatur, GA; Jason Bundy*, Florida Department of Law Enforcement, Tallahassee, FL; Chris Krug, MS*, Johnson County Sheriff’s
Office, Olathe, KS

Learning Overview: After attending this presentation, attendees will have gained insight regarding tools, training, and resources to support the
implementation of standards on the Organization of Scientific Area Committees (OSAC) Registry. Specifically, attendees will understand how to
access and use checklists to document objective evidence of conformance and how to use these checklists within their own organizations for gap
analysis or for internal auditing purposes.

Impact Statement: Forensic science service providers will benefit from additional resources that are available to facilitate OSAC Registry
implementation efforts (i.e., checklists) as part of the National Institute of Standards and Technology-American Academy of Forensic Sciences (NIST-
AAFS) Collaborative Agreement.

Program Description: In this interdisciplinary symposium, checklists to document objective evidence of conformance, progress toward
implementation, and auditing use will be explained. Insights regarding checklist development, beta-testing, delivery, and versioning will be presented.
Collaborations with quality management personnel will be explored, and the practical use of checklists within a forensic service provider will be
discussed.

During this interdisciplinary symposium, the benefits of checklist use will be presented. Free access to this resource will be provided, and the practical
use of these flexible tools will be explained from the perspective of the developers, providers, and other stakeholders. This special session will include
instructions regarding the use of checklists for standards on the OSAC Registry, integration in the quality management system, and practical advice
regarding their use. This session will also include an interactive session and panel discussion to provide feedback, ask questions, and gain insight from
FSPs that are using the checklists.

Standards; Implementation; Checklists
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S4 Interdisciplinary Symposium: The Formation of the American Academy of Forensic Sciences

Paul Messner, MD, Dry Ridge, KY; Jessica Volz, DNP, Adventist HealthCare Shady Grove Medical Center, Brunswick, MD; G. David Annas, MD*,
Forensic Psychiatry Consulting, LLC, Syracuse, NY; Barry A.J. Fisher, MS, MBA*, Indio, CA; Corina Freitas, MD*, Freitas and Associates,
Alexandria, VA; George W. Hime, MS*, Miami-Dade Medical Examiner Department, Miami, FL; Carl R. McClary, MS* Bureau of Alcohol, Tobacco,
and Firearms, Atlanta, GA; Kenneth E. Melson, JD*, The George Washington University Law School, Washington, DC; Christopher Milroy, MD*,
Eastern Ontario Regional Forensic Pathology Unit, Ottawa, Ontario, CANADA

Learning Overview: The Symposium will provide a historic context for the formation of the American Academy of Forensic Sciences, describe the
impetus for its formation, and examine the effects of its members on forensic science.

Impact Statement: Attendees will learn about the state of forensic science before, during, and shortly after the formation of the American Academy
of Forensic Sciences through the perspective of the six founding Sections: Criminalistics, Jurisprudence, Pathology/Biology, Psychiatry & Behavioral
Science, Questioned Documents, and Immunology/Toxicology

The 2023 Interdisciplinary Symposium will examine the post-WW 1I state of the forensic sciences leading to the American Academy of Forensic
Sciences’ formation in 1948 and that defined its early years. In 1948, there were six founding AAFS Sections: Criminalistics; Jurisprudence;
Pathology/Biology; Psychiatry & Behavioral Science; Questioned Documents; and Immunology/Toxicology. Speakers from each of these Sections
will discuss their Section’s forensic concepts, research, and applications before, during, and shortly after the Academy’s founding (roughly 1945
through 1965). How the Academy’s formation and its members helped advance the forensic sciences during those early years will also be addressed.

We will examine how during this era life, law, and forensic science looked so much different than today. This retrospective view of the Academy’s
founding will help us understand the AAFS’ continued efforts today to improve the trustworthiness of forensic science through objective data that can
be relied upon by the judicial system, Congress, and the public.

AAFS Founding; AAFS Sections; Post WW Forensics

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.
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CB1 Judicial Misconduct or Judicial Discretion: A Historical Perspective and Case Analyses

Patricia Smith, MSL, ACP*, Harris County District Attorney’s Olffice, Houston, TX; Betsy Adelizzi, PhD, Missouri Southern State University,
Joplin, MO

Learning Objective: The goal of this presentation is to create an open and honest dialogue about the criminal justice system and those taxed with the
responsibility of ensuring a fair and just system through inclusion, diversity, and with public safety in mind. Attendees will learn about local, state,
federal, and international cases and will be afforded an opportunity to be the “trier of fact” and play a role in sanctioning the sanctioners.

Impact Statement: This presentation will impact the forensic science community by reminding all attendees of their role in making positive and
effective changes to the criminal justice system by focusing on fairness to all parties and accountability for all people involved, through collaborative
research and practice with multiple disciplines.

The judiciary is a system of courts and judges interpreting the laws passed by the legislature. The judiciary has evolved over the past thousand years

and continues to change in an attempt to meet the needs of society. The makeup of the judiciary originated with a Lord or his stewards and continued

to evolve to the elected and appointed judges today. “The very first judges . . . were court officials who had particular experience in advising the King
... The earliest days of the judiciary, prior to the 12" century, was barbaric at best and based on a type of divine justice.

Divine justice could involve the accused being forced to sink or swim as a way of proving their innocence. One’s guilt or innocence was not based on
law, judicial discretion, or witnesses, but on chance, strength of the accused trying to force himself to sink to show innocence or remain on top, floating,
to show his guilt.! Another example is a “medicine man” holding two hairs from an accused in his tent and the accused’s guilt or innocence was based
on if those hairs remained in place the next day.?

The judiciary is arguably a system built around those people with legal expertise, ethical behavior, and fairness. As the judiciary’s evolution continued,
the need for codes of conduct and constitutional clarity increased. There are times when the judiciary, or more specifically, certain judges argue judicial
independence as a justification for unpopular or sometimes inappropriate conduct. According to Cynthia Gray, “A federal judge argued that the
principles of judicial independence incorporated in the United States Constitution barred any sanction for “anything to do with anything that happened
when the judge . . . was acting and deciding cases or in any phase of the decisional function,” including “anything that the judge does verbally or
physically in the course of adjudication.”

We will review the judiciaries of Canada, California, Texas, the United Kingdom, and Asia. Also, we will discuss specific Harris County cases and
engage the audience through polling.

Reference:

I History of the Judiciary. Courts and Tribunals Judiciary, London, July 26, 2021. https.//www.judiciary.uk/about-the-judiciary/history-of-
the-judiciary/.

Gray, Cynthia. The Line Between Legal Error and Judicial Misconduct: Balancing Judicial Independence and Accountability. Hofstra Law Review:
Vol. 32: iss. 4, Article 11. http://scholarlycommons.law.hofstra.edu/hlr/vol32/iss4/11

2.

77Judicial; Judicial Misconduct; Discretion
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CB2 Not Always What It Looks Like: Death Due to Tricyclic Antidepressant Overdose

Marie E. Lasater, MSN*, Texas County Coroner’s Office, Licking, MO

Learning Overview: The goal of this presentation is to aid attendees in distinguishing forensic countermeasures used by suicidal persons who do not
want to be ruled a suicide.

Impact Statement: This presentation will impact the forensic science community by exploring the use of a psychological autopsy when determining
manner of death in a possible suicide.

This presentation describes a case study involving possible forensic countermeasures in a suicidal death involving grief, alcoholism, gabapentenoids,
and nortriptyline and the process of accurately determining cause and manner of death. Toxicity of tricyclic antidepressants and their role in suicide is
discussed, including cardiotoxicity and seizures. Aspects of the case, including investigation and differential diagnosis, are outlined.

As part of the death investigation, a psychological autopsy was performed, with the decedent’s prescribing physician and only remaining relative (and
heir) interviewed. Of note, the decedent had spent several years in her medical career in a urology clinic and was likely aware of drug toxicity. Her
physician stated she specifically requested nortriptyline as an antidepressant. He was unaware of literature available on the internet promoting its use
in the process of suicide. The decedent’s heir was shocked to hear the death was ruled suicide. She was not aware of any suicidal ideation, but had been
requested to relocate to live with the decedent, which she was unable to do at the time. Taking into consideration the decedent’s history of alcohol
abuse, empty bottles of alcohol at the scene, her knowledge of toxicology, and the location of the three empty bottles of medication found on the floor
with their caps on, attempted forensic countermeasures (to preclude suicide) on the part of the decedent cannot be ruled out.

Performed by certified professionals, a psychological autopsy is a best practice postmortem data collection procedure performed in addition to any
other official death examination. A psychological autopsy helps to reconstruct the proximate and distal contributing factors of an individual’s death by
suicide and document the most likely manner of death where that manner of death is equivocal and left undetermined by a medical examiner or coroner.
Suicidology is an important methodology in the role of any death investigator.

Tricyclic Antidepressant; Suicide; Psychological Autopsy
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CB3 Postmortem Assessment of Anaphylactic Shock Due to Hymenoptera Stings (Yellow Jacket Vespula)

Elena Forzese, MD*, Messina University, Messina, ITALY, Claudina Pitrone, MD*, Messina University, Messina, ITALY, Daniela Sapienza, MD,
Messina University, Messina, ITALY; Alessio Asmundo, MD, Messina University, Messina, ITALY, Elvira Ventura Spagnolo, MD, Messina University,
Messina, ITALY; Gennaro Baldino, MD, Messina University, Messina, ITALY,; Chiara Stassi, MD, Messina University, Messina, ITALY; Cristina
Mondello, PhD, Messina University, Messina, ITALY

Learning Overview: After attending this presentation, attendees will understand that Hymenoptera stings (bees, wasps) are among the most common
causes of anaphylaxis, defined as a severe, rapid onset of a systemic allergic reaction which, if not promptly treated, can be fatal.

Impact Statement: This presentation will impact the forensic science community by highlighting the role of ancillary postmortem investigations in
the diagnosis of anaphylactic shock caused by bee stings when no macroscopically evident signs are detected during either on-spot examination and
autopsy.

To this regard, we here present the case of a 45-year-old man who, according to the circumstantial data collected, was hit by a swarm of bees while
opening a shed at work, dying shortly thereafter. No signs of bee stings were macroscopically evident during the survey, nor was any sign of
anaphylactic shock (angioedema, pharyngeal/laryngeal oedema, petechial hemorrhages) observed during autopsy. The only macroscopic findings
consisted of mild pulmonary edema with mild swelling of the upper lip; heart and coronary arteries were macroscopically undamaged.

Considering that the absence of postmortem findings does not necessarily exclude the diagnosis of anaphylaxis (since macroscopic signs can resolve
during the postmortem period), to clarify the possible cause of death, histological and biochemical investigations were performed, especially in light
of the available circumstantial data. Biochemical assays included serum sampling for Radioallergosorbent testing (RAST) for bee venom specific IgE,
which showed positive for the venom of the yellow jacket (type of Vespula); other biochemical tests highlighted an increase in tryptase and troponin;
samples of heart, larynx, trachea, lungs, and spleen were also collected for immunohistochemical tests in order to evaluate the mast cells infiltrate using
anti-tryptase antibodies.

Therefore, based on anamnestic (absence of any other pathology worthy of note), circumstantial (exposure to bee sting), histological, and biochemical
data, the diagnosis of death was stated as due to anaphylactic shock although there was an absence of macroscopic signs at autopsy.

The case showed the importance of second-level investigations for the postmortem diagnosis of anaphylactic shock, highlighting the usefulness of
biochemical and immunohistochemical analysis. In complex cases, a multidisciplinary approach, such a criteria exclusion cause of death, represents
an important method of investigation. Moreover, in such cases, the circumstantial data can provide important data to perform specific postmortem
investigations aimed at finding the substance responsible for the anaphylaxis.

Bee Sting; Anaphylaxis; Forensic Sciences
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LS1  The Lindbergh Kidnapping Suspect No. 1—The Man Who Got Away

Lise A. Pearlman, JD (Ret.)* Oakland, CA

Learning Overview: Attendees will gain insight into how key forensic evidence was suppressed and physical evidence altered to convict an innocent
man of “the crime of the century.”

Impact Statement: The anticipated impact on the forensic science community is greater awareness of ways in which members' forensic analysis and
testimony can be misused (e.g., suppression of pretrial notes, overstating conclusiveness of findings, denial of a fair opportunity to the other side to test
physical evidence) to cause a miscarriage of justice. This presentation will also provide an example of how forensic scientists can play an important
role in revealing the truth and exonerating the wrongly convicted..

This luncheon talk by retired judge and award-winning author Lise Pearlman will discuss a proposed shocking solution to the 90-year-old mystery of
the 1932 kidnap/murder of Charles Lindbergh, Jr. based on the best-selling 2020 true crime book, The Lindbergh Kidnapping Suspect No. 1 — The
Man Who Got Away. The talk will describe the framing of Bruno Richard Hauptmann for the murder of Charles Lindbergh, Jr. and the revelation of
Suspect No. 1 whom the New Jersey State Police let get away with the crime. The talk will focus on wood evidence, fingerprints, and handwriting
analysis, and address disparities between the "evidence" presented at trial and related contradictory evidence that was concealed by the prosecution and
consequently not presented to the jury.Lindbergh “Kidnap”

Ladder Evidence; Handwriting Analysis; Fingerprints
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LS2  Forensic Sciences and Popular Poetry: A Lighter Way of Teaching People How Science Works

Jose A. Medeiros, PhD*, Brazilian Federal Police, Cabedelo, PB, BRAZIL

Learning Overview: Upon completion of this luncheon seminar, the participant should be able to know how the dissemination of forensic
sciences among people can be efficient and lighter through popular poetry, based on this Brazilian testimony.

Impact Statement: Showing the international forensic community how the dissemination of forensic sciences through popular poetry is effective
among the general public and has encouraged Brazilian forensic scientists to identify themselves with their labor as well as with a literature genre
(including woodcutting ilustrations) that has become essentially Brazilian and that today is an exemple of national intangible cultural heritage.

This work is about an initiative that has been developed since 2012: to bring together Forensic Science and popular poetry in a simple and accessible
format and share it with the lay public. The path used was “Literatura de Cordel”, a form of literature originally European, but which found fertile
ground in the Northeast of Brazil, especially from the 19th century onwards. Like a Limerick, the cordel booklet presents a story usually in a humorous
tone and in colloquial language. Today there are already 14 stories about CSI, Forensic Engineering, Genetics, Jurisprudence, Environmental,
Toxicology, Children’s History, etc. and more than 18 thousand copies distributed free of charge to people from all Brazilian regions at forensic events,
criminalistics units, schools and institutions.

Literatura de Cordel; Popular Poetry; Woodcutting Art
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LS3  Junk Science and the American Criminal Justice System: An Inside Perspective

Jose A. Medeiros, PhD*, Brazilian Federal Police, Cabedelo, PB, BRAZIL

Learning Overview: After attending this presentation, attendees will have gained insight from an insider’s perspective into the heart of a broken
American criminal justice system where junk science is just one piece in maintaining the status quo, including insight from the author’s recently
released, award-winning book, Junk Science and the American Criminal Justice System.

Impact Statement: This presentation will impact the forensic science community by demonstrating the perspective of the premier junk science
wrongful conviction investigative and litigation organization—the Innocence Project—that ushered forensics through a time that saw statements such
as “one-in-a-million chance” as acceptable science into in a new era of reliability, validation, and, most of all, the accountability we expect to see today.

Program Description: In 2012, the Innocence Project began searching for prisoners convicted by junk science, and three men, each convicted of
capital murder, became the author’s clients. In his book, Junk Science and the American Criminal Justice System, the author chronicles his fight to
overturn their wrongful convictions and end the use of the bad science that destroyed these men’s lives. The quest took many turns and the story weaves
together courtroom battles over faulty forensics from Mississippi to Texas to New York City and beyond. The book describes a journey into the heart
of a broken, racist system of justice and the role forensic science plays in maintaining that broken system.

In addition to some of the interesting case studies demonstrated in the book, the author’s career documents the slow but steady evolution of the field
of forensics as a whole and the difficult challenges and barriers that the Innocence Project, lawyers, judges, other stakeholders, and forensic scientists
themselves have faced in evolving and moving forward from duplicitous times.

Innocence; Courts; Wrongful Convictions
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Wi Investigating Publishing: How to Disseminate Your Work

Lerah Sutton, PhD, University of Florida, Gainesville, FL; Gina Londino-Smolar, MS, IUPUI, Indianapolis, IN; Adrienne Brundage, PhD¥*, Texas
A&M University, College Station, TX; Kelly Elkins, PhD*, Towson University, Towson, MD; Jason Byrd, PhD¥*, University of Florida, Gainesville,
FL; Sharon Plotkin, EdD*, Miami-Dade College, Miami, FL

Learning Overview: After attending this workshop, attendees will be able to review and prepare their own work for a scientific publication; determine
the best publication venue for specific educational work; develop case work experiences for publication; and create self-promotion through various
means on social media.

Impact Statement: This workshop will impact the forensic science community by increasing awareness of the importance of dissemination through
educational publications. People within the forensic science community will be able to learn how to best share their work through textbooks, journals,
open resources, and social media.

It is important for practitioners and educators to share the work done both in the field and in the classroom. Knowing the best ways to publish various
types of research and practice can be a challenging task. This workshop will share best practices in scientific publishing. This will include an
introduction to scientific publishing, building a strong foundation for your publication, identifying where to publish, working with the peer-review
process, transitioning casework into publications, and promoting your work via social media. There will also be a hands-on session to allow participants
to bring questions and examples of work for publication.

Within the forensic sciences, there are many different avenues within which one could seek to publish work. These may include traditional academic
avenues for graduate students to publish their thesis or dissertation, various components of textbook publication to include invited chapters/volumes
and/or whole texts, and traditional peer-reviewed journal articles. This session will provide an introduction to each of the most common types of
publications that a potential author may encounter within the forensic science community such that the participant understands the nuanced differences
between each and which type of work would be appropriate to publish in each venue.

Traditional scientific publishing follows well-established guidelines with known expectations. While this method works well it does exclude a whole
swath of useful information. Educators, practitioners, even advanced hobbyists are untapped sources of information with few places to disseminate that
material. The publication world has room for all manner of publication types, and the ability to make this information known is easier than you may
think. This session will review potential publications to determine which type of communication is best suited for your unique information.

Forensic scientists are busy professionals. However, scientific publication is important for courtroom acceptance of new methodologies and approaches
to casework and for academics building portfolios for tenure and promotion. There are many publication venues to choose from including university
theses and dissertations, peer-reviewed journals, invited book chapters in edited volumes, and textbooks. This session will be focused on illuminating
various journals and other modes of publication including peer-reviewed and non-peer-reviewed, open-access and subscription, and invited and
contributed submissions.

Many forensic scientists are employed by colleges and universities and are required to meet the employer related obligations of academia for tenure
and promotion. In addition to research and instructional duties in the faculty member’s field of expertise, there are also employer requirements for
publishing and service. This includes serving on university thesis and dissertation committees, publication in peer-reviewed journals, contributing
book chapters, creating edited volumes, and authoring textbooks. This session will focus on academic professional development and the value of
serving as a peer reviewer, subject matter editor, and editor for professional journals and other published works.

Crime scene investigations college students face the challenge of gaining employment upon graduation. In order to be successful in the interview
process, portfolios as a demonstrative aid of student achievements and college coursework is a viable means for showcasing to potential employers that
these graduates have the necessary skills to be successful in the crime scene field. Research has shown that portfolios are effective as a demonstrative
aid for skill and knowledge acquisition however little research exists in crime scene investigations regarding portfolio use during the interview. This
session will address the strengths and weaknesses of portfolios and how to effectively utilize them in the interview for a successful outcome.

As an author, it is important to use communication through various means in order to share your work with others. Ways to do this can be through
social media, open-access journals, and in your own classroom. Participants will explore ways to promote their own publications and the importance
of their professional profile. The discussion will also include different types of copyrights and the best option to reach specific readers and for individual
publications.

During the workshop, participants will be given time to work in small groups with their peers on how to best publish their work. This will include
division by participants’ specific interest which will be moderators by presenters. This will allow for individuals to work on specific needs related to
their own publications as well as get support from others and the presenters.

Scientific Publishing; Forensic Science Education; Information Dissemination
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W2 Implementing Magnetic Flux Measurements for Forensic Document Examinations

Carrie Polston, PhD¥*, Universite de Lausanne, Lausanne, Vuad, SWITZERLAND, Zain Bhaloo, MSc*, Canada Border Services Agency, Ottawa,
Ontario, CANADA

Learning Overview: After attending this workshop, attendees will be able to recall and discuss the scientific theory that underlies the instrumentation
involved with magnetic flux measurements. They will be able to explain what magnetic properties toner has and how they can be measured. Attendees
will be able to prepare a laboratory setup with a Magneto-Optical Imaging Device (MOID)and identify critical variables in the laboratory design, which
could impact instrument function. They will be able to follow the methodology provided and operate the instrument to collect magnetic flux
measurements from different toner samples. Attendees will be able to evaluate the results they obtain to determine if there has been any type of error
or if there is bias. Attendees will be able to interpret the significance of the results.

Impact Statement: This workshop will impact the forensic science community by providing Questioned Document examiners with the knowledge,
skills, and abilities necessary to deploy a new methodology for examination of toner-printed documents in their laboratories. This methodology has
been found to meet the needs of the community as stated, being rapid, non-destructive, and cost-effective.

In thisworkshop, attendees will learn about the foundational theory behind MOIDs and magnetic flux measurements of toners, as well as the variables
that must be considered when developing a method for forensic laboratory use and will then get hands-on experience with instrumentation. During the
hands-on portion of the workshop, attendees will learn how to set up the workspace and instrument, how to operate the software associated with the
MOID, and how to conduct magnetic flux measurements of different toner samples (including text samples, point samples, and text insertion samples).
The attendees will then be able to independently conduct measurements on provided samples to demonstrate their proficiency with the instrumentation
and methodology they have learned. Finally, as a group, attendees and instructors will evaluate the results of the independent measurements. At this
stage, attendees will learn how to evaluate and interpret the significance of the results they obtain from the instrument and how to assess if the data has
been affected by any of the variables discussed during the theoretical session.

Magnetism; Toner; Questioned Documents
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W3 Forensic Postmortem Radiology: Crossing the Border Between Radiology and Pathology

Summer Decker, PhD*, University of South Florida, Tampa, FL; Edward Mazuchowski, MD¥*, Forensic Pathology Associates, Allentown, PA;
Michael J. Thali, MD*, University of Zurich, Zurich, SWITZERLAND, Jonathan M. Ford, PhD*, University of South Florida, Tampa, FL; Chris
O’Donnell, MBBS*, Victoria Institute of Forensic Medicine, Victoria, BC, CANADA; Natalie Adolphi, PhD*, University of New Mexico School of
Medicine, Albuquerque, NM; Lars Ebert, PhD*, University of Zurich, Zurich, SWITZERLAND, Hideki Hyodoh, MD, University of Fukui School of
Medicine, Fukui, JAPAN, Rick R. Van Rijn, MD, PhD¥*, Netherlands Forensic Institute, Amsterdam, NETHERLANDS

Learning Overview: After attending this workshop, attendees will: (1) learn the basics in how to get started in the field of forensic radiology, 2)
understand the current state of the art and levels of evidence in forensic radiology, (3) learn about applications to
assist forensic pathologists and practitioners in medical death investigation, and 4) be made aware of potential resources available to interested
practitioners.

Impact Statement: This presentation will impact the forensic science community by providing attendees with expertise from around the world on the
use of, best practices and the evidence base of forensic postmortem radiology.

This workshop will give an overview of the current state of forensic imaging in the world, the logistics on how to start a forensic imaging program,
and how future technologies may impact the field of forensics.

It has been nearly 13 years since the publication of the National Academy of Sciences report calling for the strengthening of the forensic sciences. In
this seminal report, they stated the critical role that imaging plays in the documentation of findings sufficient for courts, for providing the opportunity
for review by outside experts, as well as for allowing for reevaluation of evidence as medical knowledge advances. Since then, forensic radiology and
imaging has grown significantly as a field around the world.

The “Virtual Autopsy” or “Virtopsy” utilizes multislice computed tomography (MSCT) or post-mortem CT (PMCT) and Magnetic Resonance Imaging
(MRI) combined with three-dimensional (3D) imaging technology to create vivid images of the interior of the human body. CT scanning and MRI has
been shown to present better visual picture of some injuries, reduce the number of autopsies conducted to rule out occult injury and document the extent
of injury in accidents in greater detail. The advantages of the Virtopsy are that it is not invasive or destructive to tissues and can provide clear pictures
of skeletal and soft tissue injury. It also provides some information when there is a religious objection to autopsy. Additionally, Virtopsy has the
potential to detect internal bleeding, bullet paths, bone and bullet fragmentation, fracture patterns, brain contusion, gas embolism, as well as occult
fractures which are technically difficult to demonstrate during the traditional autopsy.

In the United States, only a few Medical Examiners/Coroner’s offices (approximately 20) have access to this advanced medical imaging at this time
and very few have the budget to purchase the expensive equipment or to build a suitable facility with staff to maintain it. The current public health
crisis of opioid deaths is stretching an already strained ME’s system with regards to autopsy caps set by the NAME standards. Post-mortem medical
imaging can play a critical role in easing these demands for full autopsy on offices through triage screening from PMCT.

Within the last years, the National Institute of Justice (N1J) has fully supported forensic imaging as a supplement to the traditional autopsy and as a
triage and long-term evidence documentation tool. N1J efforts have attempted to bring field standards from around the world and establish major
research areas of need in order to help facilitate the field’s growth in the US since it lags behind other countries in the field. Additionally, the post
AAFS 2018 attendee survey indicated in several places the desire of members for more information on assisting forensic pathology workloads with the
use of CT scans/documentation of trauma via imaging, even going as far as suggesting modifying of National Association of Medical Examiners
guidelines to accomplish this. With the field well established in practice outside the US, lessons learned from experts will help those interested in
incorporating these technologies into their facility’s everyday practice. Exposure to emerging technologies in the field will also help practitioners be
exposed to potential applications that will alleviate their workflow in an already overtaxed death investigation system.

Forensic Pathology; Forensic Radiology; Postmortem Imaging
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W4 Just Communications: Providing Clear and Accurate Reports and Testimony on Forensic DNA Results

Tiffany A. Roy, JD*, ForensicAid, West Palm Beach, FL; Cynthia Cale, MS* CMC Forensic DNA Consulting, LLC, New Caney, TX; Greg
Hampkian, PhD*, Boise State University, Boise, ID; Julie Burrill, PhD, University of Dundee, Stony Brook, NY

Learning Overview: DNA experts are asked in court to translate hours of chemistry and complex statistical analysis into yes or no answers. We learn
to do this from previous experts who teach us the terms of art, metaphorical examples, and boundaries of permissible expert opinion. Like all human
communication this is an evolving art that adjusts to changes in science, computation, law and culture. After attending this presentation, DNA analysts,
lawyers, judges, and other criminal justice stakeholders will be better able to evaluate and communicate laboratory procedures and findings. They will
be encouraged to adopt agile practices for clear and accurate testimony on the witness stand, and will be familiar with tips and tricks for guarding
against common pitfalls. Participants will also learn from examples that have led to wrongful convictions, including bias in DNA mixture interpretation.

Impact Statement: This presentation impacts the scientific community by discussing the critical consequences that can result from false or misleading
testimony that is anecdotal rather than based on empirical data and ways labs and individual analysts may mitigate some of these consequences through
technical training, testimony oversight and quality management.

It is essential that forensic scientists are able to clearly and accurately communicate their work, whether it is casework results or new research. This
includes talking to other scientists, investigators, attorneys, judges or jury members, all of which present their own challenges. Based on well-established
principles of communication theory and training methodology, this presentation will introduce some of the particular problems faced by forensic
scientists in various stages of the justice process. Practical skills and exercises will be introduced to meet the specific communication goals of the
forensic human ID scientist. Audience-centered design, creating connections, and accessible language will all be discussed as achievable learning
outcomes for forensic scientists in this session. Practitioners and researchers will learn to better communicate their data and its contextual meaning in
a way that is accurate, clear, complete and effective.

Forensic labs make significant investments in training DNA analysts on concepts of DNA analysis and profile interpretation. In contrast, very little
time is invested in teaching DNA analysts how to communicate those results to laypeople in a clear and unbiased way. In contrast to DNA profile
development and the technical checks and balances imposed by the FBI Quality Assurance Standards and ISO 17025 on the DNA testing and reporting
process, there is very little oversight or technical assessment of forensic testimony. Forensic DNA testimony is often the result of many processes,
procedures and decisions that will only be described in words to the end user, a judge or jury.

The evidentiary value of a DNA profile obtained from the surface of an object is now being commonly questioned in courts. Premature discussions of
providing testimony regarding the activities that gave rise to an evidence DNA profile are alarming considering most accredited U.S. forensic DNA
laboratories have not adopted the necessary framework to appropriately and accurately evaluate these high-level propositions. While there is a growing
awareness surrounding DNA transfer, persistence, prevalence and recovery research, there are many challenges that need to be addressed before
attempting evaluations of DNA findings given activity level propositions, such as lack of (1) sufficient research, (2) education and training,
(3) availability of data, and (4) standards and guidance.

This presentation describes the hierarchy of propositions, the limitations of forensic DNA analysis to provide certain information in the absence of
ground truth and how analysts can best respond to questions that are likely to be posed but are beyond the scope of these limitations. The presenters
will discuss language choice and the impact of certain words and phrases in reports and testimony, and methods for resisting pressures from criminal
justice stakeholders to stretch testimony beyond the limits of what science can support. Finally, presenters will discuss best practice for teaching science
in the courtroom to ensure results are being understood and not misunderstood.

DNA Transfer; DNA Prevalence; Forensic DNA Testimony and Reporting
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W5  Diversity, Equity, and Inclusion in the World of Forensic Practice: Lessons and Actions

J.C.U. Downs, MD, forensX, LLC, Savannah, GA; Gina Londino-Smolar, MS, IUPUI, Indianapolis, IN; Claude Roux, PhD*, University of Technology
Sydney, Sydney, AUSTRALIA; Jan Gorniak, DO%, Clark County Coroner/Medical Examiner, Las Vegas, NV; Duarte Vieira, MD*, University of
Coimbra, Coimbra, PORTUGAL; James McKim, PMP¥*, Organizational Ignition, LLC, Goffstown, NH; Ann Geisendorfer, JD* SUNY Delhi, Delhi,
NY; Ashley Pennington, JD* Charleston County Public Defenders Office, Charleston, SC; Robin Maynard, AS*, Libby’s Legacy Breast Cancer
Foundation, Orlando, FL

Learning Overview: Upon completing this workshop, attendees should be able to acknowledge the need to address historic and ongoing issues of
diversity, equity, and inclusion as they impact the forensics community at all levels. With this understanding of the need for action, participants will be
armed with a potential path to light the spark of productive change within their own organization in order to move toward parity for all.

Impact Statement: This workshop will impact the forensic science community by addressing many issues encountered that are impacted by failure to
recognize diversity, equity, and inclusion, thus allowing attendees to see the scope of the problem from a historical and present-day view. This
recognition of the breadth and depth of the problem—along with a primer on working within organizations to make changes for the better—will lead
the community toward unity and fairness.

This workshop will focus on social justice in the forms of Diversity, Equity, and Inclusion (DEI). E pluribus unum. From many one. From its founding,
the United States has been seen as a celebration of strength through diversity, although that lesson that can be too easily forgotten, lost, or worse. DEI
can be viewed as a means to that lofty ideal—that all people are created equal. Efforts toward social justice attempt to level the playing field for all
members of society at local, regional, national, and international levels. Targeted sessions on general forensic practice, medicolegal forensics,
representing the hated, and humanitarian efforts will illustrate the need for DEI to strive for parity. The story of the tragic “Pulse shooting” illustrates
the depths of depravity, but also tells of the success that can be achieved by embracing unity through diversity. Finally, a primer to ignite organizational
efforts will provide a roadmap to a path forward for all.

E pluribus unum. From many one. From it's founding, the United States has been seen a celebration of strength through difference. Diversity, equity,
and inclusion (DEI) are a means to the ideal — that all people are created equal. Social justice attempts to level the playing field for all, at all levels.

How does DEI work in day-to-day forensic practice? How does the status quo affect those involved — staff, stakeholders, and others? Failure to
recognize or acknowledge existing issues and unwillingness to improve create conflicts. “The way things have always worked” is fundamentally
flawed, since it is predicated on a false assumption that things always have worked. That might be true for some but certainly not for all.

Bias can have many meanings to different people — one definition being “a tendency to believe that some people, ideas, etc., are better than others that
usually results in treating some people unfairly.”! Bias in the classroom, where future scientists are educated is concerning. Selection criteria for
programs, supportive services, and curricula should address DEI issues. Classrooms discussions, including microaggressions, are important
considerations. Addressing social justice provides the tools to understand and hopefully address negative bias.

The interface of medicine and the law is both intellectually and professionally challenging. The absence of a singular international definition or practice
of Legal & Forensic Medicine underscores that systems and services can and do vary widely. The medical field exemplifies the need to address DEI —
intense competition for limited training slots has seen historical discrimination against many and been met with resistance at multiple levels. Patient
populations have also been discriminated against with scarce resources inequitably distributed. An overview of the present state of inequity
in medical education, practice, and access crystallizes the need for change to ensure movement towards parity.

Socrates modeled the social contract theory by accepting his death at the hands of the authorities, rather than seek escape. Seeking justice is at the
foundation of forensic practice. The bias against defending those society dislikes — including those accused of some of the most heinous crimes
imaginable — is all too real. Similarly, experience on reintroducing the convicted who have paid their debt in full can prove enlightening and clearly
indicates that society has a long way to go before these individuals receive their rightful welcome back into community.

Humanitarian action is founded on a quest for justice for all through application of the fundamental ethical principles of beneficence, non-maleficence,
and autonomy. Such efforts can have lasting, global impact. The noblest of humanitarian efforts can too easily get lost in the politics of “othering” and
thereby lose the very unity initially sought. Examples of successful efforts help reinforce the need and the purpose required to advance such works.

Tragedy, especially when inexplicable and on a mass scale, is part and parcel of forensic casework. When an event hits close to home, the impact can
be severe. The "Pulse Shooting" at a nightclub in June 2016 claimed 49 dead and 53 wounded — the most deadly incident against the LGBTQ+
community in US history. Rather than retreat in the aftermath, the traumatized community came together like never before, forming the One Orlando
Alliance to support and strengthen the LGBTQ+ community. This remarkable story of resilience and determination is an exemplar of positive outcomes
under trying circumstances.

Fortunately, behaviors can be molded without having to suffer calamities or continue injustices, if history’s lessons are learned. Social justice is a

popular subject presently, as many want to "be the change" they desire in the world. Change requires first recognizing the need and then taking action.
Motivation to embrace DEI on an organizational level may benefit from a paradigm shift from within. Focusing on DEI as a powerful ally can help
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improve institutions, leading to increased productivity, innovation, enhanced employee satisfaction, and greater client satisfaction. A primer on igniting
superior organizational performance through such a mind-set endeavors to provide a successful pathway to model organizational success.

This workshop presented on behalf of the Forensic Science Foundation Education Committee will provide participants with a primer
on igniting superior organizational performance through such a mind-set which will provide a successful pathway to model
organizational success.

Reference:
I https://www britannica.com/dictionary/bias

Diversity; Equity and Inclusion; Social Justice
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Wo How Science Works to Identify Unknown Decedents Decades After Death

Rebecca J. Wilson-Taylor, PhD* Defense POW/MIA Accounting Agency, Kapolei, HI; Gregory E. Berg, PhD¥* Defense POW/MIA
Accounting Agency, Kaneohe, HI; Kristin Bukovec, BS* Defense POW/MIA Accounting Agency, Honolulu, HI; Samuel Poindexter, DDS¥,
Defense POW/MIA Accounting Agency, Honolulu, HI; Suni Edson, PhD*, Armed Forces DNA Laboratory, Dover Air Force Base, DE; Denise
To, PhD*, Defense POW/MIA Accounting Agency, Kailua, HI; John E. Byrd, PhD* POW/MIA Accounting Agency, Mililani, HI; Lesley A.
Chesson, MS*, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI; Susan Jaques, MA¥* Defense POW/MIA
Accounting Agency, Joint Base Pearl Harbor-Hickam, HI; Owen O’Leary, PhD* Defense POW/MIA Accounting Agency, Joint Base Pearl
Harbor-Hickam, HI; Elizabeth Andreas-Feeney, BS* Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI

Learning Overview: After attending this workshop, attendees will better understand how science works in a multidisciplinary approach to identify
unknown decedents decades after death via multiple lines of evidence and objective data.

Impact Statement: The presentations in this workshop will impact the forensic science community by illustrating a trustworthy process that uses
anthropology alongside historical research, archaeology, material evidence analysis, odontology, and biological/chemical analyses—underpinned by a
comprehensive quality assurance program and case management system—to make identifications.

This workshop is designed to highlight the case resolution process at one laboratory where the identification of decedents decades after death is the
norm. This process relies on, and requires, a multidisciplinary approach. Often, Identification Practitioners focus on their own specialty, either because
a multidisciplinary approach is not necessary, or because they lack ready access to other disciplines. However, cold cases require multiple lines of
evidence for resolution. Historical research provides a critical background on which to build an investigation while forensic archaeology ensures the
evidence and contextual data that can be used for identification are collected in a controlled and documented manner. Depending on the items and
remains available for examination, material evidence and forensic odontology are useful to exclude individuals from a short list of potential names.
Short lists are further reduced via anthropological analysis of collected remains. In some cases, isotope testing can completely exclude a short list, and
in other instances, it may only exclude a few. Finally, DNA analysis can narrow, or in some cases, reduce the short list to only one or two
individuals. The more lines of evidence that point to the same individual, the more likely an identification can be made.

On one side, attendees will learn how different scientific disciplines are applied to the identification of unknown decedents. This will include discussions
of both field science and laboratory analysis; coverage includes archaeology, material evidence analysis, odontology, anthropology, DNA analysis,
chest radiographic comparison, and isotope testing. Supporting these methods is a robust surety, or quality assurance, program that ensures all scientific
work is above reproach. Finally, a case management system helps to manage multiple types of analyses in a manner conducive to results integration
and traceability of casework. The importance and value of each line of evidence, as well as their support structures, will be covered in detail by the
presenters.

On the other side, attendees will learn how one specific identification relied on multiple lines of evidence; each presenter will highlight the ways science
worked in the case progression. A special emphasis will be included at the end of the workshop to bring all the methods/evidence together to make a
complete case for an identification. This integrated portion of the workshop is designed to help the Identification Practitioner understand why a
multidisciplinary approach is the norm for identifying decedents decades after death.

Forensic Identification; Cold Case Resolution; Anthropology
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W7  The Seven Habits for Highly Effective Standards Development

Agnes Winokur, MS*, Drug Enforcement Agency, Miami, FL; Marc A. LeBeau, PhD*, Federal Bureau of Investigation, Quantico, VA;
Teresa L. Ambrosius, BA* AAFS Standards Board, Colorado Springs, CO,; Allison Getz, MS* National Institute of Standards
and Technology, Monrovia, MD; Karen Reczek, MLS*, National Institute of Standards and Technology, Rockville, MD; Kevin P.
Kulbacki, MSFS* KDX Forensic Consulting, LLC, Chicago, IL

Learning Overview: After attending this presentation, attendees will (1) gain a better understanding of the role and importance of consensus-based
standards in strengthening forensic science in the United States and internationally; (2) gain a greater awareness of their own individual role in the
development of consensus-based standards, and (3) learn how to provide input and get involved.

Impact Statement: The 2009 National Academy of Sciences (NAS) Report emphasized the need for standards in forensic science. Since this Report
was issued, more than 140 forensic science standards have been published, and more than 100 of those have been placed on the Organization of
Scientific Area Committees (OSAC) Registry. Still, many more discipline-specific standards are needed to continue to strengthen the field. Standards
development is a long and sometimes contentious process. To be successful, those involved must be able to lead themselves and influence, engage, and
collaborate with others. This workshop will provide attendees with information on how they can become more effective in the standards development
process.

The 2009 NAS Report, Strengthening Forensic Science in the United States: A Path Forward, summarized the challenges facing the forensic
science community and emphasized the need for standardization. Administered by the National Institute of Standards and Technology (NIST), the
Organization of Scientific Area Committees (OSAC) for Forensic Science was created in 2014 to address the need for discipline-specific forensic
science standards. OSAC fills this gap by drafting proposed standards and sending them to standards developing organizations (SDOs), which further
develop and publish them (e.g., ASB, ASTM International, ADA, NFPA, and AES).

Standards need to be fit-for-purpose to meet a customer’s needs as well as support broad adoption and use. The primary driver for the use of forensic
science standards is public welfare and safety. The primary users are the forensic science community and the legal and criminal justice systems. Forensic
results can sometimes be misinterpreted or misapplied. Standards that are specific, well-written, and to which personnel are trained, can aid in
decreasing errors. Good quality standards have a positive impact on the quality of results produced.

The standards development process starts with stakeholders identifying a concept for a standard. The initiating stakeholders (such as OSAC) may
develop a draft “seed” document that attempts to describe the specific need for the standard. After the concept has been accepted, experts within a
subgroup or working group will begin to draft the standard. The draft is then circulated for comment, voting, and editing to allow stakeholders the
opportunity to provide additional or clarifying language. After the comments have been addressed and the final draft is complete, the standard may
move to a higher-level working group for additional voting and editing. Finally, the standard receives final approval and is published. Once published,
standards must be continuously reviewed and maintained. Different SDOs have different procedures in place. Understanding each SDO’s standard
types, processes and structure is important to success.

Anyone who may be impacted by a standard or who has relevant technical knowledge to inform its development can get involved in standards
development. According to OMB Circular A-119, a voluntary consensus standards development process is based on the following five principles:
openness, balance, due process, an appeals process, and consensus.

In his book, The 7 Habits of Highly Effective People, author Stephen R. Covey presents an approach to being effective in attaining goals by aligning
oneself to what he calls “true north” principles based on fairness, integrity, honesty, and dignity. Covey believes the way we see the world is entirely
based on our own perceptions. To change a given situation, we must change ourselves, and to change ourselves, we must be able to change our
perceptions. Covey believes that no matter how competent a person is, they will not have lasting success unless they can effectively lead themselves,
influence, engage and collaborate with others and continuously improve and renew their capabilities.

Developing high-quality, scientifically sound standards is a long and sometimes contentious process. It involves bringing together various stakeholders
with different backgrounds, experiences, and perspectives to reach consensus on a given topic. To be successful, stakeholders must be able to lead
themselves, influence, engage and collaborate with others. Using Covey’s 7 Habits of Highly Effective People as a guide, this workshop will discuss
the principles of standards development and provide attendees with information on how they can become more effective in the standards development
process.

Standards Development; Forensic Science; Consensus-Based Standards
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W8 Postmortem Interval Estimation Using a Novel Data Set and Methods

Katherine E. Weisensee, PhD*, Clemson University, Clemson, SC; Cristina I. Tica, PhD*, Clemson University, Clemson, SC; D. Hudson Smith, PhD*,
Clemson University, Clemson, SC; Carl Ehrett, PhD*, Clemson University, Clemson, SC; Patricia Carbajales-Dale, MS* Clemson University,
Clemson, SC

Learning Overview: Attendees of this workshop will learn how to use geoFOR application to record decomposition characteristics and estimate the
Postmortem Interval (PMI) using the available machine-learning models.

Impact Statement: This workshop will impact the forensic science community’s practice by demonstrating a procedure for recording scene and
decomposition information and machine learning models to estimate PMI.

This workshop will introduce a data repository and associated machine learning models to provide a novel method of estimating the PMI in the geoFOR
application. The lack of a large reference dataset for developing reliable and accurate models has been a major barrier for improving methods for
determining the time since death.

Since 2019, data from forensic cases and observations from anthropological research facilities have been collected in a reference dataset that contains
over 1,500 cases from locations across the United States. This reference dataset is representative of forensic casework; it is geographically diverse and
encompasses the various scenarios in which human remains are discovered in forensic casework. Along with decomposition characteristics, the
application records location, which allows environmental data from existing databases from the National Oceanic and Atmospheric Administration
(NOAA), such as temperature, humidity, and precipitation, to be tied to the location of death to model variables important in the decomposition process.
The availability of this reference dataset allows for machine learning models to be employed to provide a robust estimate of PMI with an associated
prediction interval.

This workshop will first demonstrate the application, reference data set, and the data entry process. Secondly, Geographic Information Systems (GIS)
methods and spatial coding will be introduced to demonstrate how environmental datasets are automatically populated and used in the statistical models
and how ArcGIS® is used to store and manage data for collaborators. Third, machine learning models that are used in the predictions of PMI from
both observed decomposition variables and integrated environmental variables will be explained. Next, Bayesian generative models will be discussed.
These methods are useful for improving research design for future studies of decomposition. For example, using expert knowledge and a priori
knowledge, this information can be integrated to provide data-informed stages of decomposition or how decomposition variables are associated with
body size or age. Finally, this workshop will provide an overview of how this project aims to follow an Open Science model from the National Institutes
of Health with the goal of sharing scientific data to accelerate research discovery, enhance research rigor and reproducibility, provide accessibility to
high-value datasets, and promote data reuse for future research studies. Participants will gain experience using the geoFOR application to input data,
manage their data in ArcGIS®, and make predictions of PMI.

Postmortem Interval (PMI); Forensic Taphonomy; Decomposition
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W9 Inside the Black Box: Forensic Psychiatry for Lawyers

Corina Freitas, MD¥*, Freitas and Associates, Alexandria, VA; Vivian Shnaidman, MD¥, Jersey Forensic Consulting, LLC, Princeton, NJ; George D.
Annas, MD*, Forensic Psychiatry Consulting, LLC, Syracuse, NY

Learning Objective: After attending this workshop, attendees will: (1) have an expanded understanding of mental illness; (2) learn how to effectively
utilize an expert psychiatric witness in criminal and civil cases; (3) understand the difference between appropriate and inappropriate consult questions
for the expert; (4) learn about unethical expert witnesses (how to spot them, why to avoid them, and effectively crossing them); and (5) understand the
ethical obligations of an expert witness and anticipate when these can conflict with an attorney’s ethical duties.

Impact Statement: This workshop will have a positive impact on the forensic science community in terms of helping attorneys work more effectively
and ethically with experts in the mental health field. The skill and knowledge acquired will also help inform members of the forensic mental health
field to avoid some of the pitfalls that can occur in the midst of complex legal cases. Some of the ethical issues examined will be generalizable to other
expert witnesses.

What is inside the black box? Whether criminal or civil, psychiatric experts are frequently called upon to shed light on behaviors, their origins, and
their past and future consequences. Many lay people, as well as legal professionals, believe that psychiatric experts have a magical ability to connect
behavior with a diseased mind in any circumstance. Misconceptions about this ability result in pitfalls of expert engagement. Knowing how
to cthically partner with an expert will facilitate clarity and justice in the legal process. How do psychiatric experts make these connections? Are they
even possible? Would you like to take a peek inside the black box? Forensic experts have been used in the legal arena since time immemorial. Criminal
behavior and mental illness, likewise, have been misunderstood for the same amount of time. Forensic psychiatry and psychology are specialties
specifically created to elucidate the knowledge gap and dispel common mental illness myths.

This workshop will cover the history of forensic psychiatry, the use and types of experts, and the clinical and ethical guidelines followed. We will
discuss the crucial differences between a treating clinician and an expert, the use and misuse of psychological testing, and the application of case law
and statutes to appropriately answer psychiatric-legal questions. Attendees will gain an expanded understanding of mental illness. We will cover the
use and pitfalls of the Diagnostic and Statistical Manual of Mental Disorders (DSM 5-TR). They will also, learn how to effectively utilize an expert
psychiatric witness and understand the difference between appropriate and inappropriate consult questions for the expert. Workshop participants will
be shown how to spot unethical expert witnesses, and learn how and why to avoid them, as we as how to effectively cross them. Lastly, attendees will
gain an understanding of the ethical obligations of an expert witness and anticipate when these can conflict with an attorney's ethical duties.

The workshop is designed to help inform attorneys how to work more effectively with mental health experts, as well as confidently navigate the ethical
waters when doing so. This workshop will have a positive impact in terms of helping attorneys work more effectively and ethically with experts in the
mental health field. The skill and knowledge acquired will also help inform members of the forensic mental health field to avoid some of the pitfalls
that can occur in the midst of complex legal cases. Some of the ethical issues examined will be generalizable to other expert witnesses.

Expert Witness; Forensic Psychiatry; Ethics
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W10 Reefer Madness: The History of Tetrahydrocannabinol (THC) Psychosis and Modern Adverse Events

Michelle R. Peace, PhD*, Virginia Commonwealth University, Richmond, VA, Nicholas B. Tiscione, MS*, Palm Beach County Sheriff’s Olffice, West
Palm Beach, FL; Alaina Holt, BS* Virginia Commonwealth University, Richmond, VA; Adam White, PhD*, Adam J. White Clinical & Forensic
Psychology, West Palm Beach, FL; Justin L. Poklis, BS*, Virginia Commonwealth University, North Chesterfield, VA

Learning Overview: After attending this workshop, attendees will have a better understanding of the state of cannabis legalization and regulations,
the history of cannabis psychosis and adverse events, gaps in the scientific knowledge and promulgated mythology, modern incidents of adverse effects
and potential mechanisms, and cases in which evidence and circumstances indicate THC-related psychosis. Content will enable attendees to influence,
educate, and collaborate with stakeholders in their communities regarding threats to public health and public safety.

Impact Statement: This workshop will impact the forensic science community by increasing attendees’ understanding of the complexities of the
impacts of cannabis and THC analogs in our communities and the need for a multidisciplinary collaboration to know the incidents of adverse events
and importance of appropriately and thoroughly describing the etiology of adverse events.

In many jurisdictions across the United States alternative cannabimimetic products have erupted and proliferated. Due to knowledge gaps, confusion,
and lack of enforcement, new products that are claimed to be legal and safe derivatives of hemp have been propagated. The pervasiveness of products
containing synthetic (i.e., unnatural) tetrahydrocannabinol (THC) isomers is well known in communities, as they are commonly sold in vape shops,
cannabidiol (CBD) stores, gas stations, and convenience stores. These synthetic THC isomers and derivatives include, but are not limited to, A8-THC,
A10-THC, A% 10 THC, THC-acetate (THC-O), CBD-di-acetate (CBD-di-O), tetrahydrocannabiphorol (THC-P), exo-THC, hexahydrocannabinol
(HHC), tetrahydrocannabutol (THC-B), and halogenated THC. Unknown internet sources have misinterpreted the scientific literature, perpetuating
falsehoods and misinformation. Consumers have a false sense of security in the quality and efficacy of these products or are confused by the market.
A current and significant challenge facing the United States is that the population of persons taking traditional THC products as well as these THC
analogues is exponentially more than those who would consume the “older” synthetic cannabinoids. The incidence of reported adverse effects is on the
rise, as demonstrated by the increase in calls to poison control centers. However, attribution of the adverse event to a defined drug rarely happens
because the product consumed by the person is not analyzed for chemical content and toxicology testing is often limited. Significant analytical
challenges exist since many compounds are isobars, metabolic profiles are not elucidated, certified reference materials do not exist for all compounds,
and the cannabis community proliferates at a rapid rate. Conversely, symptomology and general health of persons is also rarely recorded in the event
that products are tested from the self-reporting individual. This workshop will describe the state of cannabis legalization and regulations, the history of
cannabis psychosis and adverse events, gaps in the scientific knowledge and promulgated mythology, modern incidents of adverse effects and potential
mechanisms. Multiple cases will be presented in which evidence and circumstances indicate unexpected THC-related psychosis and illustrate the
community challenges to supporting the victims or navigating the legal system. The complexities of the impacts of cannabis and THC analogs
in our communities and the need for a multi-disciplinary collaboration to know the incidents of adverse events and importance of
appropriately and thoroughly describing the etiology of adverse events will be discussed. Content will enable attendees to influence, educate,
and collaborate with stakeholders in their communities to support public health and public safety demands.

THC-Related Psychosis; Adverse Effects; THC Analogs
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W11 Acetabular Age Estimation: Theory, Method, and Application

Allysha P. Winburn, PhD¥*, University of West Florida, Pensacola, FL; Jonathan Bethard, PhD¥*, University of South Florida, Tampa, FL; Marta San-
Millan, PhD*, University Girona, Gironam, SPAIN

CANCELED

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -22 -



\/ Workshops—2023

W12  An Introduction to Automatic and Objective Firearm Evidence Identification and Report of Error Rate

Robert M. Thompson, MFS*, National Institute of Standards and Technology, Gaithersburg, MD; Kelly Sauervwein, PhD*, National Institute of
Standards and Technology, Gaithersburg, MD; Junfeng Song, PhD*, National Institute of Standards and Technology, Gaithersburg, MD

CANCELED
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W13 Intraoral Photography for the Forensic Scientist

David A. Williams, DDS*, Trojan Horse Consulting, Randallstown, MD; Jessica Volz, DNP¥, Adventist Health Care, Brunswick, MD; Erin E. Williams, BA*,
Erin Williams Photography, Ridgewood, NY

CANCELED
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W14 Transfer and Persistence of Physical Evidence: Deciphering Implications

Brooke W. Kammrath, PhD¥*, University of New Haven, West Haven, CT; Elaine M. Pagliaro, JD*, Henry C. Lee Institute of Forensic Science, West
Haven, CT; Henry C. Lee, PhD*, Henry C. Lee Institute of Forensic Science, West Haven, CT; Claire L. Glynn, PhD*, University of New Haven, West
Haven, CT; Pauline E. Leary, PhD* KD Analytical, Louisville, KY; David San Pietro, PhD¥*, University of New Haven, West Haven, CT; Peter R.
De Forest, DCrim*, CUNY, Greenburgh, NY

Learning Overview: After attending this workshop, attendees will have a heightened understanding of: (1) age-at-death assessments as well as age
assessment of the living from the anthropological and odontological point-of-view; (2) application of alternative techniques, based on the biochemical
fundamentals of aging, to improving age estimates; and (3) age assessment implications in humanitarian contexts.

Impact Statement: This workshop will impact the forensic science community through the presentation of interdisciplinary approaches toward
improving age assessments, encouraging collaboration and innovation among different forensic specialties. This workshop will further highlight the
importance of age estimation in various contexts, including humanitarian applications.

The transfer of physical evidence is foundational to forensic science and criminalistics. The Exchange Principle, attributed Edmond Locard (1877-
1966), has become a fundamental philosophy. Today, the welcome advances in technology and detection sensitivities have come at an unrecognized
cost. This progress demands an increased awareness of issues related to transfer and persistence when interpreting analytical results and assessing their
significance. Our ability to detect traces goes beyond our understanding of their presence.Deciphering the implications of the transfer and persistence
of traces encompasses two different aspects in this workshop. Although their meanings are distinct, they are interconnected. The first meaning applies
to the work of forensic scientists or criminalists in developing an understanding of the physical evidence record produced during the event of interest.
This record is comprised of the physical "traces" of the event. The second meaning relates the communication of this understanding of the event to an
attorney in reports and in pre-trial meetings so that it can be presented to and understood by the court.

The concept of material transfer, both contact and contactless, is an area of great interest in forensic science. Contrary to what may be the dominant
perception in the media and literature, the transfer of evidence via contact is not limited to the idea of “touch” DNA. An understanding of the transfer
and persistence of various types of traces, including DNA (or human cells), hairs, fibers, gunshot residue (GSR), paint, illicit drugs, ignitable liquids
and more, is essential for a comprehensive interpretation. This workshop will include a review of the numerous studies that have been conducted over
the years which examine the nature of the mechanism of the transfer of these diverse traces, what it means in terms of results interpretations, and
whether there is any sort of predictive value associated with it.

The persistence of diverse traces remains an important factor for consideration by criminalists, police investigators and attorneys. Numerous
investigations have been impacted by the persistence of various traces deposited years prior.1 There is also a plethora of published research which raise
important questions about the interpretation of traces recovered from a person or location given the uncertainties regarding their persistence.

This workshop is intended for forensic scientists, investigators, attorneys, and those interested in expanding their interdisciplinary knowledge of the
transfer and persistence of traces. By examining various cases and research studies, as well as conducting hands-on experimentation, attendees will
develop a sense of the appropriate questions to be asked, as well as understanding their interpretive and holistic reconstructive significance.

Reference:
- Clues point to inside job in Yale killing, NBC News. NBC News. September 14, 2009..

Transfer and Persistence; Traces; DNA Transfer
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W15 SNP Genotyping for Extended Kinship

Erin M. Gordon, MFS¥*, Signature Science, LLC, Charla Marshall, PhD* AFMES-AFDIL and SNA International, LLC; David A. Russell, MSB,
Signature Science, LLC; Jacqueline T. Thomas, MSFS¥*, Signature Science, LLC; Daniele Podini, PhD¥* The George Washington University,
Washington, DC; Andreas Tillmar, PhD*, National Board of Forensic Medicine, SWEDEN;, Katherine Gettings, PhD*, National Institute of Standards
and Technology, Gaithersburg, MD,; Michelle Peck, MFS*, Signature Science, LLC; Kimberly Andreaggi, PhD*, Signature Science, LLC; Rebecca S.
Just, PhD*, National Bioforensic Analysis Center; Stephen Turner, PhD¥, Signature Science, LLC; Jodi Irwin, PhD*, FBI Laboratory;, Matthew
Gamette, MS¥*, Idaho State Police; Tynan Peterson, MA*, ThroughLine Consultants; Ray A. Wickenheiser, DPS, MBA*, New York State Police Crime
System; Melanie T. Armstrong, BA*, THroughLine Consultants

CANCELED
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W16 Practical Cardiovascular Pathology for Medical Examiners: Basic Concepts and Advanced Principles

Lorenzo Gitto, MD*, Cook County Medical Examiner’s Office, Chicago, IL; Ponni Arunkumar, MD¥*, Cook County Medical Examiner’s Office,
Chicago, IL; Sarah Thomas, MD*, Office of the District 21 Medical Examiner, Fort Myers, FL; Gregory Webster, MD*, Ann & Robert H. Lurie
Children’s Hospital of Chicago, Chicago, IL; David Waters, MD*, Cook County Medical Examiner’s Office, Chicago, IL

Learning Overview: After attending this workshop, attendees will have an enhanced knowledge base of cardiovascular pathology, as seen in a busy
forensic autopsy practice. An approach to dissection techniques and microscopic sampling will also be emphasized. Molecular testing, and an overview
of congenital heart disease, will additionally be discussed. Attendees will build skills to identify challenges in cardiac assessments at autopsy and
develop techniques to address both common and unusual pathologies. Attendees will be exposed to various specimens through didactic presentations,
case-based discussions, and real-time commentary on previously recorded videos.

Impact Statement: This workshop will impact the forensic science community by emphasizing the multifaceted nature of cardiovascular pathology
in the setting of forensic autopsy. Didactic lectures, as well as practical instruction by use of detailed anatomical images, will be given to advance
autopsy performance and competency, with an additional focus on improving awareness of potentially heritable conditions that may require notification
of decedent relatives. This workshop's target audience includes forensic pathologists/medical examiners, pathology fellows and residents, physician
assistants, and medical students.

This workshop will discuss several topics related to basic and advanced knowledge pertaining to cardiac pathology at forensic autopsy. Topics will
range from basic heart anatomy to special dissection techniques and microscopic examination of uncommon entities. Recommendations on how to
handle heart specimens in challenging cases will also be provided. Didactic presentations, case-based discussions, videos of heart pathologies detailing
traditional and special dissection techniques, and interesting heart histology cases will be shown and commented on by forensic and cardiac pathologists
on-site. Interaction with attendees will also be encouraged during the workshop session.

Cardiovascular disease is the most common cause of death in the United States. While most of these deaths do not fall under the medical examiner's
jurisdiction for various reasons, cardiovascular disease is often responsible for initially unexplained sudden deaths, often in young individuals or even
adults of various age groups without a documented medical history. Furthermore, cardiovascular disease may coexist in forensic autopsies performed
for seemingly obvious non-natural deaths, in which case, it is important to understand what influence a particular cardiac pathology may or may not
play in such situations

Cardiovascular disease is a nonspecific term, to include entities that involve both the myocardium (heart muscle) and its adjoining vessels. Entities
include hypertensive and atherosclerotic forms of ischemic heart disease (most common); however the term also includes a broad spectrum of other
cardiovascular pathology such as the various cardiomyopathies, channelopathies, vasculopathies, and congenital heart disease. Determination of cause
and manner of death often relies on the forensic pathologist’s solid understanding of these various entities in the context of intervening factors, and
furthermore, is dependent upon their ability to identify subtle pathology grossly. In the event of a so-called negative autopsy, especially in the setting
of a suspected sudden cardiac death, it is important to understand what next steps to take with regard to microscopic examination and/or molecular
testing. These steps will be discussed.

Different heart pathologies may require different approaches, in terms of a detailed external examination of the organ, description of specific pertinent
positive or negative findings, dedicated dissection techniques, accurate sampling for microscopic examination, and specimen collection for potential
genetic analyses. The dissection of the heart is particularly critical, and as such, multiple techniques will be discussed including the typical direction of
flow technique and short axis techniques, as well as long-axis and four-chamber methods. Determining the most appropriate dissection method is based
on what pathology needs highlighting, or to search for a particular finding.

Following gross dissection of the heart at autopsy, heart sampling for microscopic or histologic examination may be performed and is often essential
for a definitive diagnosis. Traditional and special sampling techniques, such as evaluation of the cardiac conduction system, relies upon appropriate
preservation of cardiac tissue if future analysis is warranted.

An entire spectrum of congenital heart disease may be encountered at autopsy, and only minor subtle abnormalities may characterize them. In such
cases, medical records are often helpful if a particular defect was previously diagnosed. However, there are times when no diagnosis was previously
known or described in the medical record, or the records are not readily available at the time of autopsy. Therefore, forensic pathologists should be
trained to recognize both significant and subtle congenital cardiac abnormalities and have some awareness of the many cardiac surgical techniques
used to manage these patients. A brief overview of congenital heart disease will be discussed in this context.

Cardiovascular Pathology; Forensic Pathology; Dissection
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W17 A First Look at the Draft Recommendations in the Report of the National Institute of Standards and
Technology/National Institute of Justice (NIST/NI1J) Expert Working Group on Human Factors in
Forensic DNA Interpretation

Lynn Garcia, JD*, Texas Forensic Science Commission, Austin, TX; Tiffany A. Roy, JD*, ForensicAid, West Palm Beach, FL; Nikola Osborne, PhD*,
Human Factors Training and Consultancy, Auckland, AUSTRALIA; Angela Spessard, MSFS*, Maryland State Police, Pikesville, MD; Mikalaa M.
Martin, BS*, RTI International, Greenville, SC; Melissa Taylor, MD*, National Institute of Standards and Technology, Gaithersburg, MD; Jarrah R.
Kennedy, BS*, Kansas City Police Crme Laboratory, Kansas City, MO, Hope Zagaria, MS*, RTI International, Washington, DC

Learning Overview: After attending this workshop, participants will have a deeper understanding of human factors. They will be familiar with the
findings and recommendations presented in the report of the NIST/NIJ Expert Working Group on Human Factors in Forensic DNA Interpretation.
Participants will understand the purpose and implications of these recommendations for their own practice (i.e., individual-, team-, and organization-
level) and how the recommendations serve to improve the practice of DNA interpretation. Participants will be invited to critique the recommendations
and discuss how relevant and feasible they are to their practice and the wider forensic DNA community.

Impact Statement: The study of human factors in forensic science is essential to inform our understanding of the interaction between humans and the
systems they use. Understanding human factor issues can identify and mitigate the potential for error and bias. Furthermore, we can develop ways to
shape positive laboratory culture, improve staff morale, and increase work productivity. This workshop presents three years’ worth of effort to
understand human factors as they apply to forensic DNA interpretation. This workshop will impact the forensic science community by guiding DNA
analysts, laboratory leadership, researchers, educators, and legal practitioners on how to recognize and address human factors influences within DNA
analysis and interpretation and, as a result, aid in mitigating the effects of these human factors in justice outcomes.

In this workshop, we will walk participants through theNIST/NIJ Expert Working Group on Human Factors in Forensic DNA Interpretation process to
develop the report, highlight key findings, discuss some of the more controversial topics, and present a “first look” at the draft recommendations.

Studying human factors is essential to inform our understanding of humans' interactions with the systems they use. This is especially important in
forensic science, where the outcomes of these interactions can have a direct impact on an individual’s life or liberty. Human factors are often associated
with cognitive bias, an issue that continues to receive significant attention in forensic science. Human factors extend far beyond bias, however, and
include any activity in which a human is involved. For example, human factors study can also assist in developing effective ways to shape positive
laboratory culture, improve staff morale, increase work productivity and quality, inform training standards, enhance communication of results, inform
research gaps, and much more.

In recognizing the importance of human factor issues in forensic science, the National Institute of Standards and Technology (NIST) and the National
Institute of Justice (N1J) collaborated to develop an Expert Working Group Series on Human Factors in Forensic Sciences. To date, the series has
produced two successful reports — one in latent print examination and another in handwriting examination.

In February 2020, the NIST/NIJ Expert Working Group (EWG) on Human Factors in Forensic DNA Interpretation first convened and was charged
with conducting a scientific assessment on the effects of human factors in forensic DNA analysis and interpretation with the goal of recommending
approaches to improve its practice and reduce the likelihood of errors and bias. The EWG has since evaluated relevant scientific literature and technical
knowledge to develop a report and recommendations. This evaluation serves to educate members of forensic DNA laboratories and allied criminal
justice system partners (e.g., attorneys, investigators, parent organization leadership). The following topics will be discussed:

Education, Training, and Professional Credentialing
Quality Assurance/Quality Control

Cognitive Bias and Error Reduction

Reporting and Testimony

Management

Work Environment

Expressing Evidence Strength (e.g., likelihood ratios)
Research

Emerging Technology

This full-day workshop will comprise a mixture of lectures, discussions, and interactive activities. Workshop participants will be expected to engage
with the material and provide feedback on the relevance and feasibility of implementing the recommendations in their own practice (i.e., on the
individual-, team-, and organization-level). This workshop is relevant to forensic DNA professionals and other forensic science professionals,
laboratory leadership, forensic science and human factors researchers, educators, legal practitioners, and anyone interested in understanding and
improving decision-making in forensic science.

Human Factors; DNA; Bias
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W18 Identification, Analysis, and Interpretation of Blunt Force Skeletal Trauma

Angela L. Harden, PhD*, The Ohio State University, Columbus, OH; John H Bolte, IV, PhD*, The Ohio State University, Columbus, OH; Amanda M.
Agnew, PhD*, The Ohio State University, Columbus, OH; Christopher M. Goden, MA*, The Ohio State University, Columbus, OH; Kyra Stull, PhD*,
University of Nevada-Reno, Reno, NV

Learning Overview: Upon completion of this workshop, attendees should be able to: (1) provide an overview of current methods across disciplines
for identification and analysis of blunt force skeletal trauma; (2) identify and analyze blunt force skeletal trauma utilizing X-rays, Computed
Tomography (CT) scans, photographs, and 3D virtual models; and (3) collaborate with experts across disciplines for a multidisciplinary approach to
skeletal trauma interpretation

Impact Statement: This workshop will impact the forensic science community by providing attendees the unique and informative opportunity to
identify, analyze, and interpret blunt force skeletal trauma in cases with known loading conditions and event data, including instrumentation output,
high-speed video, and post-test imaging.

This workshop presents an overview of current methods in blunt force skeletal trauma analysis with a hands-on opportunity for attendees to gain a
unique experience and to put these methods to practice. Attendees will gain hands-on experience in identifying, analyzing, and interpreting known
skeletal trauma, which is a rare occurrence in forensic sciences. They will also have the distinct opportunity to see exactly how the trauma occurred.
All cases included in this workshop are experimental cases of blunt force trauma; therefore, attendees will have access to data collected throughout the
entire research design. Specifically, beyond the bone itself, they will be able to evaluate fracture timing, high-speed videos to visualize the response
during the event, post-test photographs and radiographs of documented injuries, and 3D models to assist in visualizing skeletal trauma and re-creating
the traumatic event.

Foundational concepts will be discussed first in a single element situation, then will transition to the complex whole body situation. This workshop is
designed for a broad, multidisciplinary audience and the intention is for the participants to work with colleagues in varying fields to expand their
experiences and evaluations. Forensic science is inherently multidisciplinary, but trauma analysis in particular requires a variety of experts. Therefore,
this opportunity facilitates communication among colleagues and subsequently substantiates the importance of an interdisciplinary approach to trauma
analysis. This novel workshop provides attendees with a hands-on experience in identifying and analyzing skeletal trauma from known loading
mechanisms to facilitate an increased understanding of the relationship between trauma mechanism and fracture characteristics, ultimately improving
interpretations in real-world cases.

Experimental Case Studies; Muldicisciplinary Research; Biomechanics
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W19 Forensic Photography: Photography Basics to Imaging Beyond the Visible Spectrum With Alternate Light
Sources (ALS) and Infrared (IR)

Bryan W. Brendley, PhD* Methodist University, Fayetteville, NC; David Pauly, MFS*, Methodist University, Fayetteville, NC; Steve Downs, DBA*,
Methodist University, Fayetteville, NC

Learning Overview: After attending this presentation, attendees will understand how to properly utilize a Digital Single-Lens Reflex (DSLR) camera
in the manual mode. Attendees will also learn how to visualize and image evidence requiring the use of ALS, Ultraviolet (UV), and IR energy. Common
types of evidence requiring the use of ALS for visualization and imaging include semen, saliva, urine, gunshot and explosive residue, fluorescent
fingerprint powders, hairs/fibers, inks utilized in fraudulent document cases, and other trace evidence. Attendees will learn how to utilize their cell
phone cameras to scan evidence for traces of blood and Gunshot Residue (GSR). Attendees will also be exposed to utilizing ALS, including IR energy,
to scan for subcutaneous bruising, obliterated tattoos, and obliterated writing with multiple inks.

Impact Statement: This presentation will impact the forensic science community by informing attendees that whatever the level of understanding of
photography may be in the visible spectrum, the crime scene professionals’ understanding of photography in the UV and IR spectrums, or spectra
outside the visible, remains an elusive concept. With this lack of understanding comes missed opportunities to locate, visualize, and properly capture
photographically, evidence that is likely crucial in verifying that a reported crime occurred or to refute a false allegation.

Crime scene and forensic photography within the visible spectrum of light remains the most utilized and thorough means of documenting crime scenes,
autopsy findings, physical injury, and forensic evidence. Despite being the most utilized method of documentation, the lack of proper understanding,
training, experience and equipment results in photography being underutilized, or at least not utilized to its fullest potential.

Whatever the level of understanding of photography may be in the visible spectrum, the crime scene professionals’ understanding of photography in
the ultra-violet and infrared spectrums, or spectra outside the visible, remains an elusive concept. With this lack of understanding comes missed
opportunities to locate, visualize, and properly capture photographically, evidence that is likely crucial in verifying that a reported crime occurred, or
to refute a false allegation.

After attending this presentation, attendees will understand how to properly utilize a DSLR camera in the manual mode. Attendees will also learn how
to visualize, and image evidence requiring the use of alternate light sources (ALS), UV, and IR energy. Common types of evidence requiring the use
of ALS for visualization and imaging include, semen, saliva, urine, gunshot and explosive residue, fluorescent fingerprint powders, hairs/fibers, inks
utilized in fraudulent document cases, and other trace evidence. Attendees will also learn how to utilize their cell phone cameras to scan evidence for
traces of blood and GSR. Attendees will also be exposed to utilizing ALS, including IR energy, to scan for subcutaneous bruising, obliterated tattoos,
and obliterated writing with multiple inks.

The workshop will begin with instruction of basic photography principles, including the exposure triangle, an introduction — “Tour” — of the Nikon
D7000, topic lectures by faculty members, followed by hands-on practical exercises.

Sufficient DSLR cameras, lenses, tripods, alternate light source kits, specific nanometer “barrier” filters, and props will be provided for every two to
three attendees.

Forensic science professionals in all disciplines that are charged with imaging crime scenes, or forensic evidence, will benefit from this workshop.

Jurors want, and even expect, to see high-quality images of crime scenes, injuries, and other physical evidence. All too often images exposed in an
attempt to capture the various forensic evidence found at crime scenes and other forensic settings are lacking in quality, or do not meet the basic legal
standards required. In response to these recognized deficiencies, this workshop has been designed, so that attendees will learn the basic legal
requirements for introducing properly formatted images into the courtroom, including when to utilize RAW uncompressed — lossless —
settings. Informal surveys of forensic science and law enforcement professionals have shown repeatedly that most law enforcement and crime scene
photographers do not understand the nuances in compression levels, such as, when to utilize JPEG vs. RAW, in general crime scene work, vs. when
capturing critical comparison, or evidence quality images.

Photography; Alternate Light Source; Infrared Light

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -30-



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Workshops—2023

W20 A Gentle Introduction to the Likelihood Ratio (LR): Basic Ideas, Implementation, and Limitations

Alicia L. Carriquiry, PhD*, CSAFE-Iowa State University, Ames, IA; Michael J. Salyards, PhD*, CSAFE-Iowa State University, Ames, IA; Danica
M. Ommen, PhD*, CSAFE—-Iowa State University, Ames, IA

Learning Overview: Participants in this workshop will understand the basic idea behind the ILR and how to correctly interpret results from an LR
analysis. They will also understand some of the challenges that must still be resolved before the LR can be used in a wide range of forensic disciplines.

Impact Statement: Forensic scientists are increasingly expected to provide a quantitative, data-based assessment of the strength of the evidence in
favor of a proposition. The LR approach has emerged as a plausible approach to do so. Yet, correctly arriving at and interpreting those assessments
requires some understanding of the statistical foundations of the LR approach. This presentation will impact the forensic science community by
presenting foundations and best practices in an accessible, easy to follow format, aiming to increase the statistical and quantitative literacy of forensic
practitioners and provide them with the background they need to more confidently work with LRs.

This workshop will focus on the LR approach to evaluating evidence. The LR is a one-number summary that quantifies the weight of the evidence in
favor of the prosecution’s or the defense’s propositions. While the basic idea behind the LR is simple and intuitive, the challenges arise when trying to
implement the approach on different types of evidence. Presenters will discuss the statistical foundations of the LR, but will spend significant time on
examples, applications in different forensic disciplines, best practices, and limitations

In recent years, forensic researchers have introduced the idea of propositions to formalize the question of interest in a criminal case. Briefly,
propositions are put forth by the prosecution and the defense, and the task of the fact finders is to decide whether the evidence supports one proposition
over the other. Propositions can refer to the source of the crime scene evidence, or to the activity that led to the evidence, or even to higher level
questions. Regardless of the type of propositions that have been formulated, it is generally accepted that the likelihood ratio (LR) or its close relative,
the Bayes Factor (BF) are plausible approaches to estimate the weight of the evidence in favor of the prosecution or the defense’s hypotheses.

The LR has a long history in statistics and has been used for decades in many different application areas, including medicine, engineering, finance and
many others. Its use in forensic disciplines is relatively new, and many wrinkles that are unique to forensic applications still need to be ironed out
before the LR can be reliably applied widely in real cases. An exception is the case of forensic DNA analysis, where the LR has been successfully
applied since the early 1990s.

In this workshop, presenters will begin by motivating the use of the LR using some simple examples. They will then introduce the statistical foundations
of the LR (or BF), and revisit the initial examples to illustrate ideas such as Bayes Rule, a statistical model for discrete observations, a model for
continuous observations, the notion of a conditional probability and several other important statistical ideas that are sometimes misunderstood. Of
critical importance is the distinction between hypothesis about the evidence and hypothesis about the propositions, these are often confused in practice,
so presenters will emphasize how to correctly think about them and how to correctly interpret the results of a LR analysis. It is expected that this
discussion will occupy about a third of the time allocated to the workshop.

Authors will dedicate another third of the workshop to discussing best practices, presenting examples from various forensic areas, and emphasizing the
correct interpretation of results in each case. Limitations of the LR approach will also be discussed. Among those, presenters will address practical
challenges including the choice of statistical models for the evidence under the competing hypothesis of prosecution and defense, the quantification of
the uncertainty associated with any LR estimate, and the problem of selecting a reference population for computing the denominator of the LR.

Finally, the rest of the workshop will be dedicated to what is known as the Score-Based LR, an empirical approximation to the LR that can often be
implemented in practice when the LR itself is intractable. This is the case, for example, when the evidence is in the form of an image, as occurs
in pattern comparison disciplines such as latent prints, footwear and firearm examination. While useful, the SLR has additional limitations that will be
discussed. The authors will also (albeit briefly) touch upon the European approach to what might be termed a qualitative LR (QLR) and will offer some
thoughts about its interpretation

Likehood Ratio; Weight of Evidence; Quantitative Evaluation of Evidence

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -31-



\/ Workshops—2023

W21 Implementing Forensic Investigative Genetic Genealogy (FIGG): How to Put Figg Into Practice
(Without Messing It Up for Everyone Else)

Ray A. Wickenheiser, DPS* New York State Police Crime Lab System, Albany, NY; Kameron Wong, BS* Verogen, San Diego, CA; Steven Smugeresky, BA*,
Montgomery County Police Department, Gaithersburg, MD; Mandi S. Van Buren, MPharm*, Kern Regional Crime Laboratory, Connie Bormans, PhD¥,
Gene by Gene, Houston, TX; Swathi A. Kumar, PhD*, GEDmatch, San Diego, CA

Learning Overview: After attending this workshop, attendees will better understand: (1) the standards and policies being created for and by the
forensic community; (2) a comparative study of the different technologies available and data-driven guidance on when to use each; (3) database hygiene
and best practices for using FIGG databases in alignment with the Interim Department Of Justice (DOJ) policy and evolving terms of services; (4) how
to prepare and what to consider when bringing FIGG in-house; and (5) case studies and practical guidance for learning investigative techniques from
the perspective of law enforcement.

Impact Statement: This workshop will impact the forensic science community by providing the most up-to-date information on the policies,
procedures, and best practices associated with putting FIGG into practice in an operational forensic environment. Attendees will receive summaries of
all standards and policies presented. Example checklists for implementation, data evaluations, and comparisons will be made available. By sharing
experiences and knowledge, the community can build a framework for a system that works together on a wider, coordinated scale.

This workshop will provide scientific, experiential, and collaborative guidance on the critical aspects of a FIGG workflow, namely, emerging standards
and policy, DNA technologies and limitations, genealogical databases and terms of use, investigative genealogical skill-building, and laboratory
implementation planning. Practical experience and implementation options will be focused by a discussion of how real world cases are solved, which
will guide operational and policy choices. Experts from forensic laboratories, law enforcement, and industry will present their consensus, data, and
guidance to provide a toolkit for the forensic community to apply to their own investigations.

Forensic investigative genetic genealogy (FIGG) has proven to be an effective tool in generating investigative leads and reanimating cold cases. The
intersection of traditional genealogical research, DNA technology, and its application to investigations and casework demonstrates the power of
interdisciplinary cooperation. As the application of FIGG to casework increases, the need to share knowledge between disciplines and laboratories to
create more standardized investigative and analytical practices becomes more pressing to ensure the continued responsible use and protection of this
revolutionary technique. This workshop will provide scientific, experiential, and collaborative guidance on the critical aspects of a forensic investigative
genetic genealogy workflow: emerging standards and policy, DNA technologies and their limitations, genealogical databases and terms of use,
investigative genealogical skill-building, and laboratory implementation planning. Practical experience and implementation options will be focused by
a discussion of how real world cases are solved, which will guide operational and policy choices. By understanding how the the different parts of the
investigative process play into an actual case, you will more confidently understand how to prepare and plan a technical system that can be both flexible
and robust for the requirements of the sample, the investigation, and the information required. Experts from forensic laboratories, law enforcement,
and industry will present their consensus, data, and guidance to provide a toolkit for the forensic community to apply to their own investigations.

This workshop seeks to provide the most up-to-date information on the policies, procedures, and best practices associated with putting forensic
investigative genetic genealogy (FIGG) into practice in an operational forensic environment. Attendees will receive summaries of all the standards and
policies presented. Example checklists for implementation, data evaluations and comparisons will also be made available. By sharing our experiences
and knowledge, the community can begin to build a framework for a system that works together on a wider, coordinated scale.

Forensic Investigative Genetic Genealogy (FIGG); Forensic Genetic Genealogy (FGG); Investigative Genetic Genealogy (IGG)
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W22  An Introduction to Document Security

Carolyn Bayer-Broring, MFS*, Immigration & Customs Enforcement, Derwood, MD; Elaine X. Wooton, MFS* Homeland Security Investigations,
McLean, VA

Learning Overview: After attending this workshop, attendees will have a better understanding of what constitutes a “secure document,” including the
features that comprise those documents, and how those different features and elements function and interact.

Impact Statement: This workshop will impact the forensic science community, particularly law enforcement personnel and document examiners, by
helping attendees to better understand what they are looking at when handling and examining a variety of documents, and be better able to recognize
the variety of production and design features that make documents secure, thereby enhancing that security.

This workshop will provide the attendee with an overview of the fundamentals and methods of document security. The workshop will address the
securing of items like identification documents (driver licenses, passports, national IDs, employee IDs); financial documents (checks, currency, money
orders, coupons); and commercial products (high-end cosmetics, tobacco products, electronics & software).

Fundamental to all documents are printing and substrate. The workshop will introduce participants to the traditional and digital printing methods used
in the production of secure documents, as well as the substrates used for various documents and their interaction with security features, print processes,
and other secure elements.

Historically, the default material used for documents was paper. The earliest secure feature was the watermark, and it remains a robust feature for high
security documents. Watermarks are created during the paper making process by rearranging paper fibers to make a visible design. Other elements
which can be added during the paper making process include: planchettes, fibers, and security threads (strips). Reactive chemicals can also be added,
to reveal attempts to modify documents via various methods.

The original substrate used for many “ID cards” and driver licenses was paper, which transitioned to “plastic” cards (originally, typically PVC). In
order to prevent alteration, materials like Teslin and polycarbonate were introduced into the marketplace. Eventually (and now ubiquitous), the use of
polycarbonate was introduced not only for driver licenses, but also for the bearer photo page in many passports (the remaining pages continue to be

paper).

Various traditional printing methods are used for secure documents. Intaglio printing has been used for decades for currency and travel documents, as
well as for high value certificates. With its “feel of steel” and slow-drying inks, it is easily recognizable by a layperson with limited forensic
knowledge. Other traditional printing methods and techniques include offset lithography (especially front-back registration and split fountain), screen
printing, letterpress.

As the quality and flexibility of digital on-demand printing methods improve, they are being adopted not just for the personalization of documents, but
for overall production. The inkjet and toner digital presses tend to be high maintenance, but enormously flexible. Rather than being limited to four
colors, custom colors and ultraviolet inks are options.

Additional elements covered will include security features such as optically variable devices (holograms and variable laser images) and digital elements
(including barcodes and chips).

A critical consideration in understanding security documents is the actual marketplace for genuine and counterfeit documents. Which features are
included in a given document are based on the requirements enumerated by a government or business client; the process requires that the customer be
familiar with the available features and their current integrity. The decisions about which features to incorporate — and to rely upon for 5 to 10 years
(or in perpetuity) - should be informed by the successes of counterfeiters in reproducing those features. The decision-making process is most effective
when informed by adversarial testing and up-to-date information about how robust proposed features are.

The various topics covered in the “Introduction to Document Security” workshop will provide a moderate foundation for participants. They will be
able to differentiate rudimentary, easily defeated documents from well-designed secure documents.

Secure Documents; Substrate; Print Processes
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W23 Report Writing in a New Rule 702 World—Handwriting Comparison Examination

Thomas W. Vastrick, BSc*, Apopka, FL,; Kevin P. Kulbacki, MSFS*, KDX Forensic Consulting, LLC, Chicago, IL

Learning Overview: Upon completion of this workshop, participants will be able to understand the potential impact on admissibility of expert
testimony under a proposed new Rule 702. Participants will also be introduced to new ideas in report writing and, more importantly, the reasoning
behind these changes. The contents of reports will hold added importance under the new Rule 702. Participants will also have begun the process of
gaining foundational experience in making these changes to their reports so that the reaction by the forensic community can be proactive rather than
reactive. In addition, laboratory management will be aware of the potential to all forensic disciplines and proactively engage all disciplines in the
necessary report modifications with sufficient time to develop foundational experience.

Impact Statement: Changes in Rules of Evidence pertaining to the admissibility of expert testimony have historically been accompanied by wide-
ranging and diverse rulings from courts across the country as the judiciary struggles with the impact of these changes. It should be anticipated that non-
uniform rulings will also accompany changes to Rule 702 of the Federal Rules of Evidence and any corresponding changes to state rules of evidence.
This workshop will impact the forensic science community by providing an increased understanding of the likely results of the rule changes, which
will allow forensic scientists to proactively address the coming challenges by answering questions before they are asked. As a result, proactive responses
to the rule changes will decrease rulings of unnecessary exclusions or limitations.

Recently, an advisory committee for the Judicial Conference of the United States” Committee on Rules of Practice and Procedure recommended
significant changes to Federal Rules of Evidence Rule 702, pertaining to the admissibility of expert witness testimony. While this specific
recommendation is for federal jurisdiction, such changes commonly trickle down to state jurisdictions, and no exception can be expected for this matter.
As such, it is important for forensic scientists to be aware of the changes and how they may impact testimony in the near future. It is anticipated that
the new rule, if passed as expected, will take effect around December 2023. One of the main changes is the added emphasis for a judge’s gatekeeping
role for each individual proffer of expert testimony, and it is anticipated that judges will become active in that responsibility under the new rule. So
how will that affect forensic science testimony? When the United States Supreme Court changed the basic admissibility requirements for expert
testimony based on Frye to what is now called the Daubert Guidelines, the judiciary responded with less-than-uniform rulings. The results were a
marked increase in exclusions in spite of the overall statement that Daubert was suppose to be a “lower” bar than Frye. While we cannot predict the
future under any modified Rule 702, we can certainly look to bolster our report writing in order to proactively minimize any potential negative impacts
that could occur. This workshop will explore the potentials and provide recommendations for writing reports that will help stand the test of future Rule
702 scrutiny.

History has taught us that challenges are best addressed head on. The consequences of the aforementioned US Supreme Court ruling that changes
admissibility standards away from Frye and the "general acceptance" procedure were bolstered regarding handwriting comparisons through a non-peer
reviewed article in a law journal. The profession, as a whole, took the position that the changes in admissibility rules and the accusations made in the
article would blow over quickly. We were wrong. Courts began to question the foundational bases for reliability as per the new Daubert
guidelines. Then exclusions started. It took years of research and studies to address the concerns noted by various courts. Attacks on all of forensic
science followed demanding reactive responses form the entire forensic sciences disciplines. Hopefully the lesson is learned. It is better to address a
potential source of challenge head on and proactively than to scramble with sudden reactive responses.

What can we do? In this workshop, we will address the proactive response through comprehensive report writing that addresses the Daubert guideline
information. Participants will go through a practical problem from the examination to the completion of a report. We will discuss the information in
the report, attachments of pertinent standards and reference materials, and the increased emphasis on details. Other topics for discussion and inclusion
in reports will include alternative hypotheses and statistics.

It is not only important to have an increased awareness of what we are about to face but also discuss as a discipline how we can proactively address
this challenge. Doing so now allows each of us time to become comfortable with the modifications to our report writing and how they are addressed in
court.

Finally, it must be emphasized that those who are in supervisory and executive positions within laboratories, even if not Forensic Document
Examination related, will significantly benefit from this information as the principles behind the recommendations are not limited to one discipline but
are all encompassing.

Proposed Changes to Rule 702; Report Writing; Expert Witness
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W24  Public Health Initiatives Informing Forensic Laboratory Practice

Donna Papsun, MS*, NMS Labs, Horsham, PA; Amanda Mohr, MS*, CFSRE, Willow Grove, PA; Margaret Warner, PhD*, CDC National Center for
Health Statistics, Takoma Park, MD,; Amy Miles, BS*, Wisconsin State Lab of Hygiene, Madison, WI; Alexandra Evans, MFS* DC Department of
Forensic Sciences, Washington, DC; Rachel Clark, BA*, DanceSafe, San Diego, CA; Barry K. Logan, PhD*, CFSRE, Willow Grove, PA; Aaron M.
Shapiro, PhD* BC Privoncial Toxicology Centre, Vancouver, British Columbia, CANADA; Kate Goodin, MPH*, Tennessee Department of Health,
Nashville, TX; Diane Calello, MD*, Rutgers New Jersey Medical School, Newark, NY; Alex J. Krotulski, PhD*, CFSRE, Willow Grove, PA

Learning Overview: The goals of this workshop are: (1) the identification of projects in the public health space that focus on substance use;
(2) increase understanding of how public health data is influenced by limitations of forensic laboratories; and (3) to foster relationships between public
health and forensic laboratories.

Impact Statement: This workshop will impact the forensic science community by connecting forensic practitioners with information put forth by
public health officials.

After attending this workshop, participants will have an increased awareness of how coordination with public health initiatives can serve the forensic
science community by providing information that can assist forensic laboratories in focusing their efforts on implementing changes using data-driven
decision making.

Public health is defined as the science of protecting and improving the health of people and their communities. Public health surveillance is the ongoing,
systematic collection, analysis, and interpretation of health-related data and is essential to planning, implementation, and evaluation of public health
initiatives. Comparatively, forensic laboratories analyze evidence objectively, such as drug exhibits or biological specimens, and these results are
typically used in a legal context such as investigation of a suspicious death and/or a drug impaired driving case. Substance use staddles the focus of
both the public health and the forensic communities, as substance use may have both health and legal consequences. Forensic laboratories are
consistently requested to increase their capacity for more testing completed faster, while also implementing higher standards of practice and improving
upon the state of the science in order to meet the ever-increasing demand for information.

Substance use disorders directly impact the public health and legal systems by causing impaired health and well-being, violence, motor vehicle crashes,
criminal acts, and sometimes resulting in death. From the public health perspective, people who use drugs are constantly exposed and in some cases
are ingesting emerging drugs as part of the ever-evolving synthetic drug market. Further complicating the issue from a public health perspective are
the adulterants added to street drugs which create additional harms for people who use drugs. Public health practitioners have access and work directly
with individuals who are at the forefront of this dynamic space and may have insights from the drug users on the drugs and adulterants in a specific
geographic area and/or specific population. From the forensic perspective, having a collaborative relationship with public health will strengthen the
field and assist in early detections of new drugs and/or drug trends.

This workshop will highlight public health projects and work done in the public health laboratories with the goal of informing forensic laboratories so
that they can integrate this information into scope updates, platform changes, and appropriately align resources on changes that will have the greatest
impact. Many of the projects will touch on various initiatives around toxico-surveillance and how these projects assist forensic laboratories in
identifying drug trends, such as emergent novel psychoactive substances or adulterants that should be covered within laboratory testing protocols. The
various toxico-surveillance projects focus on different populations (i.e. electronic dance music festival attendees, clinical), therefore providing a variety
of perspectives and experiences. Additional topics in the program will focus on the use of forensic laboratory data at the national level to help guide
public health policy and practice. The program will conclude with a round table discussion stressing the importance in breaking silos and that
collaboration and information sharing is in the best interest of both communities.

Public Health; Forensic Laboratories; Toxico-Surveillance
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W25 What Did the Lab Bench Say to the Court Bench? And What Did the Court Bench Hear?

Linton Mohammed, PhD¥*, Forensic Science Consultants, Inc., Poway, CA; Pamela A.-W. King, JD*, State of Minnesota, Rochester, MN; Mary C. McKiel, PhD¥,
AAFS Standards Board, Arnold, MD; Kris Cano, MA¥*, Scottsdale Police Department Crime Laboratory, Scottsdale, AZ; Ray A. Wickenheiser, DPS¥*, New York
State Police Crime Lab System, Albany, NY; Raymond Valerio, JD*, Queens District Attorney, Kew Gardens, NY; Lucy A. Davis, BHS*, LDH Consultants, LLC,
Pikeville, KY; Pamela Sale, BS*, ANSI National Accreditation Board, Milwaukee, WI; Terri Rosenblatt, JD*, New York County District Attorney’s Office, Albany,
NY; Stephanie Domitrovich, PhD*, Senior Judge of Pennsylvania, Erie, PA

Learning Overview: After attending this workshop, attendees will be more aware of how forensic science standards are being implemented in
laboratories and the impact of these standards in court.

Impact Statement: The use of forensic science standards is increasing exponentially in laboratories and the court system. This workshop will impact
the forensic science community be informing attendees about how these standards are being used, and why standards should be adopted in laboratories.

This workshop will present the views and experiences of laboratory practitioners, accreditation experts, attorneys, and judges pertaining to the use of
forensic science standards in court.

This workshop considers forensic sciences and forensic standards from two points of view: namely, from forensic laboratory experts, and from legal
experts. Attendees will hear how the use of forensic science standards has impacted work from the laboratory to the courtroom. Instead of taking a
deep dive into the technical application and implementation of standards in forensic laboratories, this session explores through lively debate, the
interface of forensic science laboratories and the legal system.

Forensic laboratories receive, test, examine, evaluate, catalog, identify, store, record, and transfer a huge number of different kinds of materials for a
variety of clients, such as law enforcement, prosecution and defense attorneys, as well as the public. Each of these clients relies on the ability of a
forensic laboratory to produce accurate results. Lab Accreditation and forensic standards are an element of the labs structure that can add to the trust
of a client for a forensic lab, but that does not mean the client necessarily comprehends what accreditation (and similarly personnel certification) means
beyond being a vague notion or passive acceptance.

The laboratory expert panel will discuss how performance and quality assurance can be assessed against forensic standards.
They will explore both the history and current state of forensic standards as well as the real-world impact of accreditation on the field and how this
impacts the delivery of services to their clients.

Legal experts will address the role of forensic standards in the administration of justice. They will talk about forensic standards currently used in the
courtroom and provide insight into the profound impact these standards (and the evidence to which they apply) can have on the outcome of cases in
the judicial system. They will also comment on the extent to which attorneys and other judicial officials understand the role of accreditation in assessing
the value of forensic science output. For example, while attorneys may grasp that having forensic results from an accredited lab may translate into those
results being more highly valued, attorneys and courts may not understand the role of accreditation: what it does and, more to the point, what it
doesn’t do.

Attendees will gain information and insight into how forensic science translates from the scientific environment into the legal environment. They will
gain understanding about the what the implementation of accreditation and forensic standards means, and what role it plays in how forensic science is
translated into courtroom considerations.

Standards; Juirisprudence; Accreditation

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 36 -



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Workshops—2023

W26 Taming the Wild West of Workflows for Opioids: Emerging and Controversial Drug Threats

Agnes D. Winokur, MS* Drug Enforcement Agency, Miami, FL; Michael J. Rieders, PhD* NMS Labs, Horsham, PA; M.J. Menendez, JD¥,
NMS Labs, Horsham, PA; Daniel T. Anderson, MS* NMS Labs, Castle Rock, CO; Barry K. Logan, PhD*, CFSRE, Willow Grove, PA; Wendy B.
Stephan, PhD*, Florida Poison Information Center, Miami, FL; Reta Newman, MA¥, Pinellas County Forensic Laboratory, Largo, FL; Brianna
Peterson, PhD*, NMS Labs, Castle Rock, CO; James L. Caruso, MD*, Denver Office of the Medical Examiner, Denver, CO

Learning Overview: After attending this workshop, attendees will have: a greater awareness of forensic workflows and how they may impact test
results; a greater understanding of the challenges in adjusting standardized workflows to address opioids and emerging drugs; and a better appreciation
for the importance of accurate substance data and how stakeholders rely on that accuracy.

Impact Statement: This workshop will impact the forensic science community by providing information about technological developments and
improved workflows for various types of drug testing (toxicology and seized drugs) by discussing the components of a standardized forensic workflow,
by showing the effects of deviations or preemptive testing on comprehensiveness, sensitivity and specificity of the test, and by discussing the
compliance of test results with emerging standards in forensic science and the acceptance of those results in court and by other pertinent stakeholders.

After attending this presentation, attendees will be able to discuss standardized workflows that are being adopted to better meet regulatory requirements,
safety, efficiency, and timeliness in the fields of forensic drug testing, whether in a traditional lab setting, in the autopsy suite, or in the field.

Many types of forensic and clinical investigations involve drug testing. The needs of stakeholders differ but generally they want quick answers,
forensic reliability, low cost, and accreditation compliant workflows. Evolving drug markets and prevalent and diverse chemical categories make this
even more challenging. In forensic disciplines involving drug testing and clinical drug treatment environments, emerging drugs may remain undetected
and invisible by current workflows, and a focus on speed can result in compromises in scope. As backlogs rise for forensic science providers, more
focus is being given to exploring ways of triaging casework. However, caution needs to be taken when applying screening technologies that may be
inadequate or inappropriate for the detection and identification of opioids and emerging drugs. Stakeholders of drug results include, but are not limited
to, the Medical Examiner/Coroner, victims, family, criminal justice system, defendants, epidemiologists, and public health departments

Without comprehensive drug testing capability, there is a higher probability of clinical and forensic science providers missing critical opioid and
emerging drug information when on-site rapid screening is employed. Following a rigorous and standardized testing scheme may be helpful to maintain
efficient laboratory operations, but it can also be detrimental in discovering new and emerging substances, that may include potent and lethal opioids
and other synthetic drugs not yet scheduled. Any deviations from normal protocol can be advantageous if used appropriately, as well as create
controversy if applied incorrectly. Point of use testing, to include a drug screen prior to or during a postmortem examination is gaining popularity and
has been implemented in some medical examiner offices, but without any regulatory guidance on the appropriate use of the technology.

This panel convened by the AAFS Opioids and Emerging Drugs Committee has been charged with documenting some of the frustrations and limitations
of today’s processes, and looking over the horizon to possible new technologies and solutions which may include taking testing out of the lab, and
moving it further up the investigative chain, to the autopsy suite or even to the crime scene, to expedite the fact-finding, and provide rapid, actionable
data to support not just the prosecution, but also the investigation.

Overall, presenters will identify problems, challenges, and controversies with toxicology and seized drug testing with an assessment of the pro’s and
con’s of these developments, consideration of the maturity of the technology, and the barriers that need to be overcome to allow the results to be
presented in court.

Forensic Workflows; Emerging Drug Threats; Opioids
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Al The Applications of Confocal Laser Scanning Microscopy for Imaging Burned Remains

Shelby Garza, MA*, Texas State University, New Braunfels, TX

Learning Objective: After attending this presentation, attendees will have a better understanding of the practical application of confocal laser scanning
microscopy for imaging burned remains.

Impact Statement: This presentation will impact the forensic science community by introducing a new method for imaging and analyzing burned
remains.

Fluorescence is the property of certain chemical elements, called fluorophores, to emit visible light when excited by incident intense radiation.! Previous
studies suggest that the presence of an autofluorescence phenomenon in bone samples is likely due to the organic matrix, mainly collagen, of bone
tissue.? Burning of skeletal remains can alter the structural and chemical properties of bone, and these changes may be dependent on the temperature
and duration of heat exposure.?

The purpose of this study is to explore the natural autofluorescence of human bone and to evaluate how that autofluorescence may change after the
bone has been burned to answer the following questions: (1) are there differences in how burned and unburned bone fluoresce when excited by different
radiation intensities, and (2) if differences are observed, are these affected by the severity of burning?

For this study, six donors from the Forensic Anthropology Center at Texas State (FACTS) were placed in various fire-death scenarios at the Forensic
Anthropology Research Facility (FARF) at Texas State in San Marcos, TX. Each of the donors or donors’ next-of-kin consented to the possibility of
being utilized for advanced or traumatic research processes prior to experimentation. Pre-burned and post-burned samples were obtained from the six
donors. All pre-burned samples were taken from the left side and all post-burn samples were obtained from the right side for each individual. The pre-
burned samples included the left femur, the left fifth metatarsal, and the left sixth rib. The post-burned samples included the right femur, the right fifth
metatarsal, and the right sixth rib. Blocks of each bone were embedded in epoxy resin from which cross-sections were obtained, ground, polished to
approximately 100um thick, and mounted to a slide using EUKITT®. Images were collected using the Olympus® FluoView™ 300 Confocal Microscope
equipped with five diode lasers: 405, 445, 488, 561, and 640.*

The results showed that there is a difference between how unburned and burned bone will fluoresce, with the unburned bone fluorescing with the 405
laser and the burned bone requiring at least a 488 laser to fluoresce. Additionally, the severity of burning affects how the bone will fluoresce, with
charred bone fluorescing with the highest laser intensity. Finally, microstructures of the burned bone that can no longer be seen under transmitted light
can be viewed with the 561 and 640 lasers.

These results indicate the practical use of confocal laser scanning microscopy to analyze the microstructure of burned bone. Microstructures from
burned bone that are not visible under transmitted light can be seen using laser imaging, which is likely caused by the laser reflecting off the elements
on the bone surface rather than passing through the bone. While only ribs, femora, and metatarsals were used in this study, early research suggests that
collagen is responsible for the autofluorescence of bone; therefore, it is expected that these results would remain consistent if different elements were
recovered.” Additionally, the difference in fluorescence between burned and unburned bone may be explained by the changes in the physical
composition of bone caused by burning (e.g., loss of collagen). Furthermore, these results may provide another method for quantifying the severity of
burning from skeletal remains. Collectively, these results can provide evidence for the use of confocal laser scanning microscopy to identify burned
human versus non-human remains in a forensic context.
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A2 A Test of Interrater Reliability Using the Refined Classification System for Thermally Damaged Human
Remains by Body Segment

Chelsey Juarez, PhD¥*, California State University, Fresno, Fresno, CA; Elayne Pope, PhD, Pope Consulting, Knoxville, TN; Alison Galloway, PhD,
UC Santa Cruz, Volcano, CA

Learning Objective: After attending this presentation, attendees will understand the interrater reliability of the recently published Refined
Classification System for Thermally Damaged Human Remains by Body Segment method.!

Impact Statement: A comprehensive classification system for accurately assessing thermally damaged human remains must be easy to use and produce
reliable results. In 2022 Pope et al., published a new classification system including detailed illustrations to assist forensic researchers and practitioners
to accurately classify levels of thermal damage to burned human remains.' In this presentation, we present the first data on the reliability of that system
and discuss suggestions to increase ease of use. This presentation will impact the forensic community by providing reliability data on a new
classification method for evaluating fatal fire victims.

Eigt forensic anthropologists participated in the evaluation and scoring of a series of 20 photographs of burned human remains using the Pope et al.
Refined Classification System for Thermally Damaged Human Remains by Body Segment method.! The goal of the project was to test the ease of use
of the method based on examining field photographs and to assess the interrater reliability of the classification method. All eight participants held PhD-
level educations and seven were Diplomates of the American Board of Forensic Anthropology (D-ABFA). The photographs were generated over 12
years of field research with the San Luis Obispo Fire Investigation Strike Team’s Forensic Fire Death Investigation Course (FFDIC) and represented
different levels of burn damage from cases involving minimal heat-related soft tissue damage to full cremation. The study was covered by California
State University Fresno Institutional Review Board (IRB) #1177. Participants were asked to use the six-stage scoring system with illustrations to
consider and score the changes to: (1) layered soft tissues, (2) exposure of body components (subcutaneous fat, skeletal muscle, internal organs, bone),
(3) changes in body position, and (4) skeletal damage from discoloration to calcination- by body segments of head, torso, upper limb, and lower limb.
Study participants were able to indicate both a number score (1-6) and a letter score indicating early or late-stage changes for each body segment. In
addition to scoring data, each participant included notes within their scoring sheet documenting difficulties or suggesting slight changes that may assist
other researchers in the future.

Interrater reliability—the level of agreement between judges—was assessed using Interclass Correlation Coefficient (ICC) in JMP® PRO 16 for Mac®
OES® assuming absolute agreement. Number and letter scores were coded where stage numbers (1-6) associated with early phase damage indicated
by the letter (a) were simply indicated by the number (e.g., 6a=6). However, scores that included the letter (b) indicating late-stage alteration were
given a 0.5 addition, thus, 6b was coded as 6.5. In total, there were 160 scores provided over four body segments for the 20 photographs. The ICC
calculated for all 160 scores assuming absolute agreement was 0.907, indicating excellent reliability between study participants using the classification
system.

Study participant notes indicated that certain body portions had differing levels of difficulty associated with scoring. In some cases, this was due to the
angle of the photographs, but in other instances the thermal modification was difficult to assess even from a clear photograph at the proper angle. An
investigation of ICC for each body segment individually revealed variation in reliability ranging from 0.80 for the head to 0.966 for the lower limb.
This range was reflected in the comments associated with each area in which many participants noted the difficulty of assessing changes in facial
features or movement from photographs. An Analysis of Variance (ANOVA) indicated that the variation between the study participants scores was not
statistically significant (p=0.06). Although not significant, the largest variance between participants (0.78) was found in scoring the torso.

In conclusion, this preliminary study demonstrates that the recently published Pope et al. classification system for thermal damage to burned human
remains produces excellent reliability in results among highly skilled practitioners (PhD education 7/8 D-ABFA).! The comments from study
participants also indicate the importance of good quality field photographs to properly utilize the classification system from photographs alone.
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A3 A Comparison of Patterns of Dismemberment Between Rural and Urban Areas in Northern California

Lillian Antonelli, BS*, California State University, Chico, Chico, CA; Shelby Hard, BA*, California State University, Chico, Chico, CA; Sadie Friend,
BS, California State University, Chico, Chico, CA; Devin Adcox, BS, California State University, Chico, Chico, CA; Eric Bartelink, PhD, California
State University, Chico, Chico, CA; Shannon Clinkinbeard, MA, California State University, Chico, Chico, CA; Ashley Kendell, PhD, California State
University Chico, Chico, CA; Colleen Milligan, PhD, California State University, Chico, Chico, CA; P Willey, PhD, California State University, Chico,
Chico, CA

Learning Objective: After attending this presentation, attendees will recognize the patterns of dismemberment in rural versus urban settings and
overall patterns of dismemberment in Northern California as well as the logistical and behavioral factors that influence dismemberment practices.

Impact Statement: This presentation will provide the forensic science community with a review of the patterns of dismemberment in forensic cases
in Northern California, impacting the forensic community by providing further data and context for dismemberment casework.

In the United States, dismemberments are a small but important portion of unnatural deaths. Regional pattern-based studies and skeletal trauma
descriptions of dismemberment have been published.? This project expands upon previously published information by considering regional
dismemberment and comparing rural and urban dismemberment patterns.

Dismemberment is the intentional attempt to separate elements and element portions from the body using force, almost always involving sharp
implements. Severe dismemberment consists of more separation and false starts. We predict that urban areas have higher rates of dismemberment and
a greater degree of segmentation compared with rural areas. “Urban” is defined as an area where more than 50,000 individuals reside, and rural areas
contain less than 2,500.% In urban areas, greater segmentation of skeletal elements may expedite body movement and evade detection. Consequently,
intentions and motives of dismemberments are discussed as well as their urban or rural classification. This presentation establishes patterns and
characteristics of dismemberments in Northern California, providing law enforcement and forensic anthropologists with more data and context for
dismemberment cases.

The dismemberments presented are compiled from case archives at the Human Identification Laboratory at California State University, Chico. Sixteen
cases dating from 1990 to the present constitute the sample for this study. For each case, several variables are examined, including the county where
the decedent was discovered and its population size, the recovery location and context of the remains, the number and anatomical locations of complete
bisections of elements and element portions, the presence of false starts, the preservation of the remains on discovery, and inventory of skeletal elements
or element portions. Six cases come from urban areas and nine cases from rural areas. Decedents were most often biological males (63.6%). All
individuals are 18 years or older, and the average age of identified victims (n=7) is 57 years.

The results indicate that severe dismemberments are more common in urban areas than in rural areas, despite a greater proportion of dismemberment
cases in rural areas. When both urban and rural data are pooled, complete separation of skeletal elements/element portions occur at both the left and
right elbows, left femur shaft, and the cervical spine. There are a total of 54 bisections of skeletal elements in the urban cases, with only 23 complete
bisections in the rural cases. So, urban dismemberments show greater severity than rural cases. Regarding criminal intent and motive, the logic and
reasoning of the perpetrator cannot be clearly inferred from the pattern of dismemberments or deposition locations.

This work provides a baseline of the similarities and differences between Northern California rural and urban dismemberments. To bolster regional
pattern-based studies of dismemberment patterns, future work will include data from other regions of the United States.
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A4 Establishing a Skeletal Atlas of Elder Abuse: An Expanded Study of Fracture Patterns in Documented
Cases

Katelyn Bolhofner, PhD*, Arizona State University, Glendale, AZ; Laura Fulginiti, PhD, Maricopa County Office of the Medical Examiner, Phoenix,
AZ; Jane Buikstra, PhD, Arizona State University, Tempe, AZ

Learning Objective: After attending this presentation, attendees will be aware of skeletal fracture patterns associated with the abuse/neglect of elderly
individuals as distinguished from those commonly found in accidental ground-level falls.

Impact Statement: This presentation will impact the forensic science community by further describing the skeletal manifestations and patterning of
elder abuse, contributing data to the ongoing effort to unmask elder abuse at a state and national level.

Increasing rates of elder abuse in the United States have produced an urgent need for improved diagnostic criteria.! Physical abuse of elders represents
the most severe manifestation of this trend, yet it is difficult to prove.? Skeletal expressions of elder abuse offer key indications of inflicted injuries, but
often are masked by assignation to accidental falls. Funded by the National Institute of Justice, our research aims to produce a standard for the diagnosis
of elder abuse in the skeletal system.? Our pilot project identified a significant difference in the skeletal manifestation of injury between those individuals
involved in accidental falls and those for whom abuse/neglect is suspected.* To validate and further explore the skeletal patterns of abuse/neglect vs.
accidental falls, cases from the Maricopa County Office of the Medical Examiner dating from June 30, 2017-December 31, 2019, were reviewed. Here,
we present the results of this expanded analysis.

Investigative summaries of 235 individuals over the age of 60 years who had sustained skeletal trauma were examined. From these, 33 individuals
were included as representative of cases of abuse/neglect based on the following criteria: decedent must (1) have been admitted for a full exam, (2) be
associated with an Adult Protective Services and/or law enforcement investigation, (3) have radiographs/samples available for review. Given these
strict criteria, this sample is known to be an underestimation of cases of abuse/neglect. To further establish a comparative baseline of those fractures
most likely to occur in accidental falls, 150 cases of witnessed, ground-level falls from the same pool were reviewed. Finally, 21 cases involving falls
from a sitting position were examined to elucidate potential differences in fracture patterning among non-ambulating individuals.

Results confirm a difference in the skeletal manifestation of injury between those individuals involved in ground-level accidental falls and those for
whom abuse/neglect is suspected, as well as provide new information on these patterns. Consistent with previous results, individuals involved in a fall
most frequently displayed fractures in the hip (=60, 40%) and vertebrae (n=21,14%). This new data set revealed a larger proportion of fractures to the
arms and cranio-facial skeleton than previously observed in ground-level accidental falls (=26, 17% and n=11, 12%). These fractures typically were
in addition to femoral or vertebral fractures in a single individual. In contrast, for those individuals identified as possible victims of abuse/neglect,
fractures occurred most frequently in the posterolateral shafts of ribs (n=8; 24%) and the arm (n=8; 24%), followed by fractures in the facial skeleton
(n=7; 21%). For these individuals, fractures in the arm and cranio-facial skeleton did not coincide with fractures of the hip or vertebrae.

To better understand potential differences in fracture patterning among non-ambulating individuals in both the categories of accidental fall and potential
abuse/neglect, 21 cases involving injuries sustained while in a sitting position, whether wheelchair or bed, were examined. Where there was an
allegation of abuse/neglect in such incidents (n=5), fractures to the humerus (60%), ribs (20%), and vertebrae (20%) occurred. Where the fractures
were the result of a witnessed fall from a seated position (r=16), 50% of cases involved fractures to the craniofacial region. These observations
contribute to the establishment of a skeletal atlas of elder abuse by providing nuanced patterns of fractures in common circumstances in which elderly
individuals may be injured.

Fractures remain the most common musculoskeletal condition requiring hospitalization among individuals aged 65 and older in the United States, and
rigorous diagnostic criteria must be developed to differentiate accidental injury from abuse.’ Results from this ongoing study represent an extensive
effort to develop and improve diagnostic criteria for a skeletal atlas of elder abuse.
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AS Trauma Interpretation: A Case Study in Bone Healing

Kerianne Armelli, PhD*, Kent State University, Mentor, OH; Megan Carroll, BS, Northern Michigan University, Marquette, MI; Jane Harris, PhD,
Northern Michigan University, Marquette, M1

Learning Objective: After attending this presentation, attendees will be aware of a situation in which bone remodeling and response to antemortem
trauma appears inconsistent with skeletal observations, a condition that may be explained by extreme opioid use.'?

Impact Statement: This presentation will impact the forensic science community by raising awareness, especially among forensic anthropologists, of
antemortem trauma that presents as perimortem skeletal trauma.

Bone’s response to trauma has been well documented in the medical and forensic literature.>* The diagnostic interpretation of skeletal trauma is an
important aspect of the forensic anthropology case report and includes estimations of when the trauma occurred and the context of the trauma. The case
study highlighted in this presentation concerns unique skeletal trauma for which the exact etiology and timing are documented. This case study features
a human donor who was donated to the Northern Michigan University Center for Forensic Anthropology. The individual suffered severe traumatic
injury nearly 20 years prior to his death, which involved the pelvis, right scapula, and vertebral column. Recovery from this traumatic event led to an
opioid dependence/addiction that spanned nearly two decades. The donor’s death was indirectly related to the traumatic injury and opioid use. Multiple
regions of the donor’s body exhibit skeletal responses to trauma. The locations of all visible trauma on the skeleton are consistent with medical records
associated with the decades-old traumatic injury; however, the condition of the bone and apparent absence of remodeling more closely resemble
perimortem trauma when viewed macroscopically. It is this disconnect between the known occurrence and timeline of trauma and the presentation of
the trauma to which the authors seek to bring attention.

This case highlights the unique situation of when trauma does not align with standard rates of bone healing. It will bring awareness to the forensic
anthropological community that we must take great care in assessing trauma. It is the hope of the authors to inspire future research into the holistic
interpretation of skeletal trauma in regard to other body systems and health influences.
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A6 Investigation of Gunshot Homicides in the New Mexico Decedent Image Database

Delaney Edwards, BA*, Texas Tech University, Lubbock, TX; Mariyam Isa, PhD, Texas Tech University, Lubbock, TX

Learning Objective: Attendees will learn about injury patterns in gunshot homicides and the utility of radiographic scout images in identifying trauma
within the New Mexico Decedent Imaging Database (NMDID). The goals of this research were: (1) to explore common injury locations associated
with gunshot homicides, and (2) to investigate the utility of scout images in screening skeletal trauma cases in a CT database.

Impact Statement: This presentation will impact the forensic science community by providing data on anatomical locations frequently affected by
fatal gunshot trauma and insight into the NMDID as a resource for trauma research.

As gunshot-related homicides rise, research is needed to support accurate interpretations of gunshot injuries.!? Since trauma studies are often predicated
on the assumption that certain bones or body regions are frequently injured, data on common injury locations can help inform research planning. The
NMDID comprises Computed Tomography (CT) data from medical examiner cases and therefore presents a potentially valuable resource for
investigating trauma.? Research is, however, impeded by an inability to search cases by presence, location, or type of injury. Users can only search by
cause and manner of death and must evaluate each case individually to verify trauma presence. Radiographic scout images, which appear in the preview
for most NMDID cases, offer a potentially useful tool for narrowing database searches.

A NMDID query of homicides with primary cause of death listed as “gunshot wound of” generated 639 results. Scout images were examined for the
presence and anatomical location(s) of fractures and bullets in each case. Chi-squared tests were performed to explore relationships between fracture
and bullet presence, fracture presence and location, and bullet presence and location.

Fractures were detected in 272/639 cases (42.6%), bullets in 471/639 cases (73.7%), both fractures and bullets in 239/639 cases (37.4%), and neither
fractures nor bullets in 89/639 cases (13.9%). Scout images were absent or unreadable (e.g., incomplete, overexposed, underexposed, etc.) in 46/639
cases (7.2%).

Of the 504 cases in which fractures and/or bullets were detected via scout image, the most common locations affected were the thorax (262 cases,
52.0%) and cranium (214 cases, 42.5%). Gunshots to multiple locations were identified in 104 cases (20.6%). Among these, the most common
combination was the cranium and thorax (n=40).

Statistically significant relationships were found between fracture and bullet presence (p <0.001) and fracture presence and location (p <.001). The
relationship between bullet presence and location was not significant (p=.993).

The results indicate the cranium and thorax are most commonly affected in fatal gunshot trauma. These findings are consistent with Hulse et al. and
support prioritization of research on these regions.* The cranium and thorax should also be closely examined for trauma in cases involving advanced
decomposition or skeletonization.

Additionally, the results offer insight into using the NMDID in trauma research and the utility of scout images as search aids. Fractures were detected
in approximately half of cases with readable scout images, indicating they can help users identify skeletal trauma before requesting and downloading
CT data. Several issues inhibited their use, however, including lack of availability, image quality, and superimposition of body parts. Another limitation
is the ability of observers to detect fractures using scout images. Research shows that observers detect fractures using X-rays with high specificity but
low sensitivity, suggesting the current results represent an undercount.’

The significant association between fracture presence and location necessitates further exploration to clarify if bone is less often fractured or simply
more difficult to detect in certain anatomical locations. The relationship between fracture and bullet presence also requires clarification. Fractures were
more frequently identified when bullets were present than absent. This may indicate that projectiles increase fracture detection by drawing focus to the
injury location or that projectiles are likely to remain within the body after contacting bone. The next phase of research will investigate CT data to
verify the presence of fractures, compare fracture detection on CT and scout images, and explore the quality of 3D renderings for trauma research.
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A7 A Proposal for Cut Marks Classification and Analysis: Serrated vs. Non-Serrated Knives

Giada Steiger, MSc*, Liverpool John Moores University, Liverpool, ENGLAND; Matteo Borrini, PhD*, Liverpool John Moores University, Liverpool,
ENGLAND

Learning Objective: After attending this presentation, attendees will have a clearer understanding of the most relevant traits to describe and classify
cut marks on human skeletal remains.

Impact Statement: This presentation will impact the forensic science community by providing a series of traits for the classification of cut marks on
human bones. In addition, a logistic regression model has been provided to correctly classify serrated, non-serrated, single- and double-edge blades.

In forensic anthropology, there is a great need to improve the accuracy and reliability of tool mark identification to improve the available data for
criminal investigations. Several studies on sharp force trauma have been conducted on skeletal remains. Nevertheless, each author investigates the
trauma using different equipment (e.g., high- or low-resolution microscope) and methods (e.g., producing the cut mark by stabbing or slicing the
material). Therefore, despite extensive research in the field, there is still a lack of uniformity and standardization of characteristics and methodologies
to analyze and describe sharp force trauma marks on skeletal remains. The authors present a proposal for the classification of cut marks on human
bones, providing the methodology for their examination and an accurate description of each identified diagnostic trait. The present research focused on
cut marks from serrated and non-serrated knives, as well as from single- and double-edged knives.

To develop a classification, the study has been conducted in two phases. In the first stage, seven different knives were used to stab pig ribs (Sus scrofa)
by an external researcher to guarantee consistency in the knife’s handling force applied. A total of 280 cut marks were analyzed under a
stereomicroscope (38x magnification) with a tangential light source. The techniques for the morphological examination have been designed to simplify
and easily apply the method to guarantee its potential usage in the field. Of the most common characteristics proposed in the literature, 11 traits have
been identified as significantly associated with the type of knife used: (1) shape of the cut mark: general morphology,( 2) shape of the cut mark’s profile
(entrance): general morphology, (3) shape of the cut mark’s profile (exit): general morphology, (4) rising of the walls (entrance): location, (5) rising of
the walls (exit): location, (6) feathering: presence or absence, (7) shards: presence or absence, *8) mounding (entrance): location, *9) mounding (center):
location, (10) mounding (exit): location, and (11) mounding: general morphology.

The second phase of the research focused on training a logistic regression model based on the identified traits; the model was developed to predict the
affiliation group for both serration and blade type. A blind analysis was conducted on 70 new cut marks to validate the model, with 10 cuts made from
each knife used in the previous phase. By an initial morphological observation, 5 knives were correctly classified out of the 7 for both serration and
blade type. Then, the trained model was applied and predicted the group affiliation for each of the 70 cut marks with an accuracy of 71.6% for serrated
and non-serrated knives and 76.1% for single- and double-edged knives. These findings demonstrate how the 11 traits chosen to create the model are
appropriate for predicting the serration and type of blade in the 7 knives. Therefore, these traits should be considered in developing future cut marks
description and classification standards. In addition, as the study was conducted in controlled conditions, further research should investigate a larger
sample to optimize the method for future use in real-case scenarios.

Forensic Anthropology; Trauma Analysis; Sharp Force Trauma

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -44 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

A8 Analyzing Chopping/Hacking Cut Mark Characteristics on Bone: Implications for Forensic Analysis

Kelly McGehee, MA*, University of Central Florida, Department of Anthropology, Orlando, FL; John Schultz, PhD, University of Central Florida,
Department of Anthropology, Orlando, FL; Sarah Freidline, PhD, University of Central Florida, Department of Anthropology, Orlando, FL

Learning Objective: After attending this presentation, attendees will not only recognize the different macroscopic cut mark characteristics that occur
to bone as a result of chopping/hacking tools but also understand which characteristics are most commonly associated with specific chopping/hacking
tools.

Impact Statement: This presentation will impact the forensic science community by advancing the field of forensic science as this experimental design
aims to develop a standardized protocol for conducting chopping/hacking research by incorporating both the methodological design and data analysis
from previous studies.

Sharp Force Trauma (SFT) is a mechanism of traumatic injury involving tools with a slanted/beveled edge that impact the skin and/or bone, producing
a penetrating cut mark. While experimental research has been conducted utilizing smaller sharp force tools, minimal research focuses on damage
inflicted by a larger class of chopping/hacking tools. Furthermore, the terminology inconsistencies in the literature describing experimental cut marks
to bone has resulted in difficulties when comparing results between previous studies. Therefore, the purpose of this research was to macroscopically
analyze cut mark characteristics resulting from chopping/hacking trauma inflicted on pig bones (Sus scrofa domesticus) to determine if differentiation
of chopping/hacking tool class can be made based on the characteristics that occur.

Trauma was manually inflicted to 20 partially fleshed pig hindlimbs utilizing four chopping/hacking tools (axe, hatchet, machete, and cleaver) as well
as a carving knife for comparison. The limbs were placed in a standardized position with the downward chopping/hacking force focusing on the femur
and the tibia. Once the bones were cleaned of soft tissue remnants, the length, width, and depth of each kerf was measured. Each kerf was then
macroscopically evaluated for 16 sharp force cut mark characteristics: presence/absence of five macroscopic chopping/hacking characteristics
(chattering, flaking, fracturing, feathering, and peeling) on both kerf edges; presence/absence of kerf bisection; regularity/irregularity of kerf edges,
walls, and floor. Data analysis was conducted utilizing the statistical software RStudio (version 4.0.3) to assess statistical significance. Additionally,
inter-observer error was undertaken using ten observers who were provided with a visual key and asked to evaluate ten chopping/hacking characteristics
(presence/absence of chattering, flaking, fracturing, feathering, and peeling on both Edge 1 and Edge 2) following previous studies. The inter-observer
error was conducted utilizing a Fleiss kappa analysis to assess the level of agreement between observers when evaluating cut mark characteristics.

The results of the Kruskal-Wallis analysis followed by Dunn’s post hoc test demonstrate statistically significant differences between the tools for both
kerf length (p=0.014) and kerf width (p <0.001; however, a considerable degree of overlap in both the means and the ranges is noted for kerf
measurements inflicted by each of the five tools. Utilizing a chi-square analysis, 3 of the 16 cut mark characteristics demonstrate statistically significant
differences in relation to the tool utilized: Wall 2 regularity (p=0.002), kerf bisection (p=0.011), and Edge 1 chattering (p=0.010); however, Cramer’s
V correlations indicate weak to moderate effect sizes for the three characteristics (Cramer’s V=0.337, 0.234, and 0.246 respectively). Evaluation of
inter-observer error indicates substantial agreement between observers regarding the ten chopping/hacking characteristics for each tool type
(Kappa=0.778). Additionally, when combining all chopping/hacking characteristics regardless of tool type, substantial agreement was also indicated
between observers (Kappa=0.751).

The current research is strongly in agreement with previous studies that have concluded it is difficult to determine tool class based solely on the
macroscopic chopping/hacking characteristics left on bone; however, the results of the current experiment indicate that it may be possible to use a
combination of cut mark characteristics to potentially suggest the tool class utilized to inflict trauma. At a minimum, if multiple cut marks are present
that all share similar characteristics such as a wide kerf width or kerf bisection, these patterns could suggest that a larger, heavier chopping/hacking
tool (such as an axe or hatchet) was most likely utilized to inflict the trauma; however, additional research incorporating both macroscopic and
microscopic analysis of chopping/hacking cut mark characteristics is a necessity to develop criteria for further tool class differentiation.

Sharp Force Trauma; Chopping/Hacking Trauma; Cut Mark Characteristics
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A9 Assessing Minimum Kerf Width Measurement Error

Alexis VanBaarle, BA* Des Moines University, Des Moines, IA; Heather Garvin, PhD, Des Moines University, Des Moines, 1A

Learning Objective: After attending this presentation, attendees will have a better understanding of intra- and inter-observer error in minimum kerf
width measurements across multiple measuring modalities.

Impact Statement: This presentation will impact the forensic science community by providing intra- and inter-observer and intermodality error rates
for minimum kerf width that can be integrated into best practices.

Forensic cases of dismemberment require forensic anthropologists to assess variables in cut bone surfaces to provide information (i.e., saw class
characteristics) about the potential tool used for investigative and legal purposes. One such variable, Minimum Kerf Width (MKW) is defined as the
minimum distance across an incomplete cut and has been suggested to be correlated with the width of the saw blade. Much of the research on MKW
utilizes different measurement modalities including micro-Computed Tomography (micro-CT) residuals, calipers, and microscope software, but few
have assessed the error between these measurement modalities as well as within and across observers. The goal of this research is to assess inter-
observer, intra-observer, and intermodality error between three MKW measurement methods.

The research sample includes 351 incomplete cuts created during a previous research project using 27 saws with a variety of saw class characteristics
in 19 anatomically gifted macerated human humeri and femora. Three MKW measurement modalities were chosen based on published procedures and
practitioner accessibility: (1) MKW was measured within the kerf walls using the inner jaws of the calipers, (2) MKW was measured from the cortical
surface using the outer jaws of the calipers, and (3) a stereoscopic microscope was used to view and capture an image of the kerf, from which MKW
was measured in the associated software program. For each measurement modality, Observer 1 performed three rounds of measurements and a second
observer collected one round of measurements. Error was assessed through relative and absolute differences, relative Technical Error of Measurement
(trTEM), Friedman tests, and non-parametric paired 7-tests.

Intra-observer error within modality was assessed using Observer 1’s second and third trials. The internal caliper wall method had the lowest rTEM
(3.72%), followed by stereoscopic measurements (rTEM=5.53%). The external caliper method performed the worst (rTEM=8.53%). Observer 1’s Trial
2 and Observer 2’s MKW measurements were used to assess interobserver error. The stereoscopic measurements had the lowest rTEM (5.42%). The
internal caliper method had a slightly higher rTEM (6.15%). The external caliper measurements presented the highest error (fTEM=21.32%). A
Friedman test indicated significant differences (p <0.05) between the mean measurement ranks across modalities of Observer 1’s trial two
measurements, with post hoc non-parametric paired #-tests indicating significant differences between internal caliper and stereoscope measurements
and between internal caliper and external caliper measurements, but not between external caliper and stereoscope measurements. Internal caliper and
stereoscope measurements had the lowest rTEM and average percent difference ('TEM=7.10%, 7.87%), followed by external caliper and stereoscope
measurements (rTEM=8.96%, 10.06%) and internal and external caliper measurements (rTEM=9.06, 10.14%).

All r'TEM values are higher than previously suggested thresholds for osteometric intra-observer and inter-observer error (1.5% and 2.0%, respectively).
Internal caliper and stereoscopic measurements have the lowest inter- and intra-observer error while external caliper measurements have the highest
and therefore should be avoided. Higher relative errors are likely related to the small measurement sizes. MKW definition interpretation and orientation
of the specimen for the stereoscopic image are likely sources of error. Definitions and measurement techniques should be described in more detail and
standardized. Caution is warranted if applying MKW to blade set width equations if they were derived from a different modality.

Dismemberment; Sharp Force Trauma; Saw
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A10  The Relationship Between Skull Trauma and Demographics in Contemporary New Mexicans

Elise Adams, BA*, Mississippi State University, Starkville, MS; Jesse Goliath, PhD, Mississippi State University, Starkville, MS

Learning Objective: After attending this presentation, attendees will have developed a better understanding of the interaction between demographic
factors and skull trauma and who most often experience these types of injuries in a contemporary population.

Impact Statement: This presentation will impact the forensic science community by demonstrating the value demographic factors have for interpreting
skull trauma in relation to accidental trauma versus interpersonal and structural violence.

During forensic skeletal analyses, the skull is used to score a variety of characteristics related to a biological profile, including age, sex, and evidence
of trauma. Contemporary skeletal collections, like the New Mexico Decedent Image Database (NMDID), contain documented demographics and
medical histories, including trauma, from hundreds of individuals.! These resources can provide another source of potential evidence for identification.

Skeletal remains with evidence of trauma have been known to assist with uncovering the identities of targeted people(s), the specific trauma they
suffered, and the lasting biological and cultural impacts.>* Trauma is often associated with violence (structural or interpersonal) and can be determined
by assessing the injury mechanisms and other factors surrounding trauma to the skeleton (i.e., accidents or interpersonal violence). The objective of
this study was to assess skull trauma from a documented skeletal database and examine how demographics can provide essential information on those
who experience these types of injuries.

Data from 40 individuals associated with fatal skull trauma were collected from the NMDID and categorized by whether the trauma was accidental or
interpersonal violence. The sample consisted of 10 females and 30 males between the ages of 15-85 years old, which were further divided into
individuals older and younger than 40 years old (29 and 11 individuals, respectively). Statistical analyses were performed through Fisher’s Exact tests
using RStudio Statistical Analysis software (v.4.1.2) to examine whether traumatic events were related to accidents or violence and to compare sex and
age demographics. The results of these analyses showed significant differences (p <0.001) with higher rates of accidental skull trauma compared to
violent skull trauma, but there was no observed significance with age or sex. However, there was a higher number of accidental incidents among
individuals over 40 years old and the data showed a disproportionately high number of males with head injuries compared to females.

While results presented do not indicate significantly higher rates of physical violence, the higher number of accidents among individuals over 40 years
old, and an increased number of accidents and violent events among males, indicates that there may be evidence of structural violence. Interpretations
of structural violence could include a lack of proper care for older individuals who are at an increased fall risk and the possibility of gender-based
violence among males. Further analysis into other societal factors and injury mechanisms could allow for a better understanding of how different forms
of trauma relate to evidence of violence and its overall impact on individuals within a population.

References:

- Edgar H, Daneshvari Berry S, Moes E, Adolphi N, Bridges P, Nolte K. 2020. New Mexico decedent image database. Office of the Medical
Investigator, University of New Mexico: Albuquerque, NM, USA.

Pérez VR. 2016. The poetics of violence in bioarchaeology: Integrating social theory with trauma analysis. New Directions in Biocultural
Anthropology, Hoboken (Nueva Jersey), Wiley & Sons, 453-469.

Passalacqua NV, Rainwater CW. (Eds.). 2015. Skeletal trauma analysis: Case studies in context. John Wiley & Sons.
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All  Postmortem Interval Estimation and the Recognition of Bone Trauma Through the Analysis of
Physicochemical Changes Produced by Bone Diagenesis Over Forensic Timescales

Caley Mein, MRes*, University of Central Lancashire, Preston, ENGLAND; Jennifer Jones, PhD, University of Central Lancashire, Preston,
ENGLAND; Catherine Tennick, PhD, University of Central Lancashire, Preston, ENGLAND; Anna Williams, PhD, University of Central Lancashire,
Preston, ENGLAND

Learning Objective: After attending this presentation, attendees will understand the potential impact of time and trauma to influence physicochemical
alterations occurring to bone left in an exposed deposition environment over short forensic timescales.

Impact Statement: This presentation will impact the forensic science community by enhancing existing knowledge of diagenetic effects on the
physicochemical composition of skeletal remains over time, with and without the presence of blunt force or sharp force trauma.

The diagenetic phenomenon has been much researched in the hope of understanding the factors that drive this process and establishing the potential
for Postmortem Interval (PMI) estimation methods of skeletal remains. Research has shown that the presence of trauma may influence soft tissue
decomposition, yet to date no studies have been conducted to investigate how the presence of trauma could affect diagenetic alterations to bone. If bone
fractures have the potential to influence diagenetic alterations, this could have implications for PMI research. Due to the occurrence of perimortem
trauma, and taphonomic damage occurring to bone postmortem, it is important to understand how bone fractures can influence bone diagenesis.

Presented here are a series of short timescale studies that investigated not only the effects of time and trauma on bone diagenesis, but also the effects
of the differing United Kingdom seasonal climate. It was hypothesized that physicochemical changes would occur to the skeletal tissue over time,and
that the samples inflicted with trauma would show more extensive changes. Partially defleshed ribs were either left intact or inflicted with trauma
immediately (perimortem) or 60 days after deposition (postmortem) and left outside for up to 180 days post-trauma. Collections took place at 90-day
intervals. Samples were cleaned and prepared for physicochemical analysis using Scanning Electron Microscopy with Energy-Dispersive X-ray
Spectroscopy (SEM/EDS) and Attenuated Total Reflectance/Fourier Transform Infrared (ATR/FTIR) spectroscopy.

Results showed statistically significant (p <0.05) changes occurring to the elemental composition of the bones over time with losses in sodium and
potassium seen within 30 and 90 days PMI, respectively. Significant increases in crystallinity were also found to occur to the structural composition of
the bones over time (p< 0.05). These experiments were conducted twice at different times of the year to establish whether the seasonal United Kingdom
climate could influence results. This showed that the variable United Kingdom seasons can affect physicochemical changes occurring to bone over
time with initial results indicating the exposure to the wet/dry cycles of winter can slow the moisture loss and dehydration of bone. The presence of
extensive fractures across a large surface area of the bone caused by blunt force trauma were found to significantly affect the elemental composition of
bone. While the structural composition of the bones was not significantly affected by the presence of trauma, evidence suggests this could be due to
the short PMIs investigated here and a longer-term study would have elicited significant differences between the trauma and non-trauma conditions.

This study showed that both elemental and structural changes occur to bone in the post-depositional period. Trauma also influences the elemental
composition of bone, within 30 days for perimortem trauma and within 90 days for postmortem trauma; however, similar influence on structural
composition was not observed until approximately six-months PMI, although this was non-significant. This suggests elemental changes must occur
before the mineral lattice is significantly altered. Considering the occurrence of trauma to bone, these results could have implications for forensic
anthropology and bioarchaeology as they show that damage occurring to bone can influence the results of bone diagenesis research.

Trauma; Postmortem Interval; Physicochemical Changes
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Al12  Forensic Anthropological Studies Published From India During 2011-2022: A Literature Review and
Meta-Analysis

Jagmahender Sehrawat, PhD*, Panjab University, Department of Anthropology, Chandigarh, Chandigarh, INDIA

Learning Objective: After attending this presentation, attendees will be informed about the trends in forensic anthropological research work in India
during the past decade.

Impact Statement: This presentation will impact the forensic science community by informing attendees they should focus their studies on more
challenging but crucial components of biological profile commonly required in forensic death investigation in India.

Introduction: Each type of evidentiary material has its own significance in investigation of matters related to the law. Different scientific methods and
techniques have been used to analyze biological materials to estimate their relative contribution and accuracy levels in forensic identifications. A
systematic review of articles published during past ten years (2011-2022) in the Scopus® indexed

journals was conducted to examine the current focus of forensic anthropological and odontological research in India.

Methodology: A total of 226 research/review articles identified from searches in Scopus® using the keywords of “forensic science” and “India” were
further categorized into different sub-disciplines. Only 101 articles were determined to be forensic anthropological or odontological in nature and
context; the other publications were excluded from the final sample size. The papers included in the study were categorized according to their year of
publication, journal impact factor, article type, and field of inquiry (estimation of age, sex, stature, race, biometric, and molecular identification).

Results: Most of the articles represented validated methodologies applied to the Indian population groups. The population-specific anthropological
standards were found modified to match Indian contexts for achieving fair accuracy levels for discrimination and differentiation. Of the 101 research
articles, 31% analyzed sex determination, 17% age estimation, 16% stature estimation, 11% ethnicity and populational variation, and the remaining
were based on biometrical identifications. In addition, only two DNA and stable isotope-based studies were reported from the selected articles.

Summary and conclusions: The ulnar and femoral measurements, 2D:4D ratio of index and ring finger and fingerprint ridge density were mentioned
as the best forensic anthropological parameters to correctly classify the sex of 90 to 93% of Indian subjects; the dimensions of foramen magnum, and
hand and foot indices were found to be the poorest sex estimators. The dental age estimation formulas proposed by earlier researchers were found most
accurate in age estimations; the pulp tooth ratio and head dimensions were found least accurate for predicting age. Morphological variation in the ear,
acquired body marks, hand-foot correlation, gait pattern, and facial soft tissue thickness are significantly correlated with personal identification traits.
Determination of sex and reconstruction of stature were reported as the easiest components of the biological profile to be established from human
skeletal remains of unknown origin. More accurate techniques like DNA and stable isotopes were rarely employed for forensic death investigations in
India during the past decade. Except for Rakhigarhi, Roopkund, and Ajnala skeletal remains, no other skeletal collection has been reported from India
for their forensic anthropological analyses.

Forensic Anthropology; Research in India; Systematic Review
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Al13  The Reliability and Utility of Surgical Materials in Scientific Identification Via Comparative Medical
Radiography

Rose Leach, MA*, Kent State University, Kent, OH; Jered Cornelison, PhD, WMU Pathology and the Medical Examiner, Kalamazoo,
MI; Christine Pink, PhD, WMU Stryker School of Medicine, Kalamazoo, MI; Carolyn Isaac, PhD, Michigan State University, East
Lansing, M1

Learning Objective: After attending this presentation, attendees will have learned about comparative radiography methods and the use of surgical
interventions in comparative medical radiography to confirm identifications in a medicolegal context. Attendees will also learn about the frequency of
the presence and position of surgical implant materials, individualizing morphologies that are associated with implants, and be able to use this
knowledge to enhance their own identification methodologies and best practices.

Impact Statement: This presentation will impact the forensic science community by providing insight into current medicolegal identification practices
within the scope of forensic anthropology, allowing professionals to better understand the types and frequency of surgical interventions encountered
within comparative medical radiography and how they can be appropriately used in the identification process.

Within the medicolegal system, forensic anthropologists assist with scientific identification of decedents in cases involving decomposition, thermal
injuries, commingling, disfiguring trauma, or multiple decedents with similar demographic profiles involved in an incident. Methods available for
scientific identification include Comparative Medical Radiography (CMR), fingerprint comparison, comparative dental radiography, DNA, and
pacemaker serial numbers. From January 2015 to July 2022 at the Western Michigan University Homer Stryker M.D. School of Medicine (WMed)
Department of Pathology, 52.4% of the scientific identifications were accomplished using CMR.

CMR includes not only examination of skeletal elements/morphology in antemortem and postmortem images, but also the presence, position, and/or
morphology of surgical materials such as joint replacements, plates, screws, clips, staples, radioactive seeding, and poly-methyl bone cement. While
some devices such as pacemakers are individualizing as they have a unique serial code, these codes are often not available for other foreign objects
such as orthopedic devices.! However, the presence, position, and/or morphology of surgical interventions and the osseous response to these
interventions are useful in CMR for facilitating scientific identification.? Minimal literature exists on the frequency of these objects in United States
populations, and these have focused on skeletal collections, not within medicolegal contexts.!>* This study aims to contextualize the use of surgical
materials in CMR and the frequency of appearance in cases from 2015-2022 at the WMed Department of Pathology.

We reviewed all the CMR identification cases (n=515) at the WMed Department of Pathology in decedents identified from January 2015 to July 2022
for any surgical materials referenced in the identification reports, documenting the presence, position, and whether the morphology of the surgical
material is individualizing. Of the 515 reviewed CMR identification cases, 114 cases used foreign objects as part of the scientific identification. These
cases comprise 22.1% of all CMR identification cases. Within the 114 cases, 189 surgical materials were documented. The highest frequencies of
surgical implants include screws (33.9% of total CMR cases with surgical materials), followed by plates (12.7%), joint replacements (12.7%), other
hardware (11.1%), and sternotomy wires (10.1%). In addition, 30.7% of all documented surgical materials included individualizing morphologies (e.g.,
reactive bone formation and surgical putty), which provided stronger evidence toward a scientific identification.

A discussion of the importance and frequency of surgical materials in CMR along with the significance of the presence, position, and individuation of
different surgical materials will highlight its role in making scientific identifications within current medicolegal context.

References:

- Wilson RJ, Bethard JD, DiGangi EA. The Use of Orthopedic Surgical Devices for Forensic Identification. J Forensic Sci 2011;(56)2: 460-9.
Simpson EK, James RA, Eitzen DA, Byard RW. Role of orthopedic implants and bone morphology in the identification of human remains. J
Forensic Sci 2007;52(2):442-8.
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Al14 A Comparison of the Gross and Radiographic Appearance of Classic Metaphyseal Lesions

Miriam Soto Martinez, PhD*, Harris County Institute of Forensic Sciences, Houston, TX; Julie Fleischman, PhD, Harris County Institute of Forensic
Sciences, Houston, TX; Jason Wiersema, PhD, Harris County Institute of Forensic Science, Houston, TX

Learning Objective: The goal of this presentation is to provide practitioners with an opportunity to compare the radiographic appearance of Classic
Metaphyseal Lesions (CMLs) with the gross appearance of the same injury on dry bone.

Impact Statement: This presentation will impact the forensic science community by demonstrating the more subtle and nuanced radiographic
indicators of pediatric skeletal trauma, particularly for infants and toddlers.

CMLs were first described by John Caffey in 1946 as “metaphyseal fragmentation” of long bones that appeared to coincide with chronic subdural
hemorrhages in some children. A more current and detailed description of a CML is a fracture that extends from the margin of the subperiosteal bone
collar into the metaphysis. A complete CML occurs when the fracture extends from one side of the metaphysis to the other, producing a very thin disk-
shaped fragment of bone, which is the mineralized region of the growth plate. An incomplete CML occurs when the fracture only partially transects
the metaphysis, separating a fragment of the metaphysis/mineralized region of the growth plate. CMLs are considered highly specific for abusive injury
in infants due to the injury mechanism (i.e., pulling or twisting of an extremity or shearing forces sustained by an extremity during shaking). A CML
may be difficult to identify grossly at autopsy as this type of injury is deep within the epiphyseal cartilage and may result in little-to-no hemorrhage
and/or new bone formation. CMLs can also be difficult to identify radiographically due to: (1) their small size; (2) limited degree of mineralization;
and (3) the necessity of obtaining an optimal radiographic view, which is dependent on the specific location of the CML.

Since 2006, the Forensic Anthropology Division (FAD) at the Harris County Institute of Forensic Sciences (HCIFS) has performed 723 pediatric
examinations of various types, including seven cases received from other medical examiner/coroner offices. Of these cases, the FAD has performed
253 full Pediatric Skeletal Examinations (PSE), which involve the gross examination of the cranium, clavicles, long bones, and pleural surfaces of the
ribs. Additionally, 30 partial PSEs were performed, which involves the gross examination of specific long bones that were targeted based on concerns
following radiographic reviews or autopsy findings. Among the cases in which a PSE or a partial PSE was performed, CMLs were identified in 74
cases, constituting 26% of cases in which a full or partial PSE was performed.

Given this volume of pediatric cases analyzed over the past 16 years, the FAD has refined its radiographic techniques, without dosage limitations, to
the extent that the postmortem radiographs provide equal, if not better, visibility of CMLs than gross visualization via the PSE. This presentation is a
retrospective summary of the pediatric cases performed by the FAD, specifically emphasizing the cases in which CML(s) were identified and analyzed.
This presentation will demonstrate the relative effectiveness of high-quality, radiographic imaging and gross visualization. The subtleties of CMLs,
particularly when viewed radiographically, frequently still necessitate the resection of the long bone(s) for processing and anthropological assessment;
however, many practitioners do not have access to processed bone specimens for comparison with the radiographic appearance of CMLs. This
presentation provides a side-by-side comparison of these important pediatric fractures for reference and training purposes across the forensic disciplines.

Forensic Anthropology; Child Abuse; Classic Metaphyseal Lesion
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Al15  The Application of Craniofacial Superimposition in a Case of Death in Migratory Transit on the Coast
of Granada

Rubén Martos, PhD*, University of Granada, La Zubia, Andalucia, SPAIN; Fernando Navarro, PhD, University of Granada, Granada, Andalucia,
SPAIN; Inmaculada Aleman, PhD, University of Granada, Granada, Andalucia, SPAIN

Learning Objective: Attendees will learn about Alternative Identification (ID) techniques such as craniofacial superimposition, which can be of great
use in identification scenarios where primary identification methods such as DNA, fingerprints, or dental comparison are not applicable. This is the
case of people who died in scenarios of migratory transit in the Mediterranean, in which most of the time the only Antemortem (AM) material available
are photographs provided by relatives.

Impact Statement: This presentation will impact the forensic science community by providing tools to the scientific community to apply new
identification methodologies by comparing images when the only AM material available are photographs.

The crisis of migrant deaths in the Mediterranean is a shocking reality because of the shipwrecks that leave thousands of bodies on the coasts of Europe
every year. In the specific case of Spain, the Alboran route connects the Rif coast with Eastern Andalusia. People move aboard motorboats with the
possibility of reaching various destinations, including the coast of Motril in Granada. In 2021, there were 14 deaths and 81 missing persons in migratory
transit through this route. Although DNA, fingerprints, and dental comparisons are the primary identification methods, these are not always applicable
in scenarios where the deceased are migrants from countries with which there are no collaboration agreements that enable/facilitate access to dental
records or previous fingerprints, or even taking DNA samples from relatives. Among the scarce AM material available in these cases, it is very likely
that recent digital photographs are found, which opens the door to the application of image comparison identification methods.

The purpose of this work is to describe the methodology used through the analysis of craniofacial superimposition employing the software Skeleton-
ID in the case of a male in an advanced state of skeletonization found on the coast of Motril (Granada, Spain) in 2020. For this, a 3D model of the skull
was obtained along with three photographs of the possible candidate provided by the Institute of Legal Medicine of Granada. Subsequently, a total of
11 pairs of homologous craniometric and cephalometric landmarks were located in the 3D model of the skull and the three facial photographs. Images
were superimposed, and the differences and similarities between the anatomical structures of the skull and face were evaluated. Finally, a very high
degree of correspondence was found for 10 of the 11 pairs of landmarks used and between the cranial and facial proportions, especially in the area of
the orbits.

Human Identification; Craniofacial Identification; Craniofacial Superimposition
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Al16 A Validation of the FSS Method for Forensic Frontal Sinus Identification Using a United States Sample

Patricia Avent, BA*, Des Moines University, Marshall, IL; Lauren Butaric, PhD, Des Moines University, Des Moines, 14

Learning Objective: After attending this presentation, attendees will better understand the reliability of the FSS method and its applicability in forensic
frontal sinus identification.

Impact Statement: This presentation will impact the forensic community by illustrating that practitioners can confidently use the qualitative portion
of the FSS method when excluding frontal sinuses for forensic identification.

In response to the Daubert standards, objective, code-based methods for frontal sinus comparison in positive identifications have been developed,
which focus on standardizing various morphological traits and/or measurements. One such technique is the FSS method developed by Tatlisumak et
al., which is named for the morphological analysis of the Frontal sinus’s Septa, and Scallops.! Utilizing a Turkish sample (n=100), Computed
Tomography (CT) scans were given scores based on the frontal sinus Presence/Absence (P/A), P/A of an intersinus septa, and number of intrasinus
septa and scallops (arcades). Scores from these morphological traits were treated as a numerical string code that were compared to discriminate incorrect
identifications. For example, a scan with a present Right/Left (R/L) sinus, complete intersinus septum, no complete or incomplete intrasinus septa R/L,
five right scallops, and three left scallops would have the code 112000053.The goal of this preliminary study is to further validate Tatlisumak et al.’s
claim of a 93% discrimination rate with a sample partially representative to the United States forensic population.

This study utilizes CT scans of 50 individuals (25M/25F) of European descent from the New Mexico Decedent Image Database.? Using 3DSlicer,
scans were oriented in Frankfurt horizontal and frontal sinus morphology was observed to assess the qualitative traits in the FSS method described
above. Scores were taken for both the left and right sinus—unless an intersinus septum was absent, then the sinus was scored as unified. In cases of
unilateral absence, only the side present was scored, and the absent side was filled with a “-”. Codes from the NMDID and those originally published
in Tatlisumak’s study were then compared for duplicated codes, which would result in a potential mismatch of individuals.

When the 50 codes from the current sample were compared, there were eight duplicates (16% of sample), resulting in an exclusion rate of 84%.
Specifically, there were four instances where two individuals possessed exact codes. In one set, two individuals both coded as “112020143,” another
two coded as “112000042,” and a third pair as “112000113.” The final pair was two individuals that presented with bilateral sinus absence, coding as
“00—.” In all four sets, duplicates were confidently excluded from each other via visual assessment. This duplication rate is lower compared to
Tatlisumak’s original study, which found 45 duplicates (45%). In their study, the code “112000023” was duplicated seven times, at most resulting in a
93% exclusion rate for that code. No codes from the current study matched those from Tatlisumak’s original study, equaling a 98% exclusion rate for
the combined datasets. Overall, the results of this study support that qualitative frontal sinus variables from the FSS Method can be confidently used to
exclude individuals during frontal sinus comparison. Future research with larger, more diverse samples would provide more insight into potential
discrepancies in scoring (such as lack of clear definitions) and the nature of repeated codes.

References:

I Tatlisumak E, Ovali GY, Aslan A, Asirdizer M, Zeyfeoglu Y, Tarhan S. Identification of unknown bodies by using CT images of frontal sinus.
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A17  Cobb Angle Estimation in a Deceased Population

Rachel Meach, BS*, Western University of Heath Sciences, Monrovia, CA; Ellen Fricano, PhD, Western University of Health Sciences, Pomona, CA;
Camryn Shirley, University of lllinois Urbana Champaign, Frankfort, IL; Alicia Grosso, PhD, Clarkson University, Potsdam, NY

Learning Objective: After attending this presentation, attendees will better understand how to estimate a Cobb angle from deceased individuals and
have an appreciation for methodological challenges inherent in posthumously documenting curvature of the spine.

Impact Statement: This presentation will impact the forensic science community by demonstrating that the Cobb angle can be estimated from
Computed Tomography (CT) scans of deceased individuals, which has the potential to aid in identification of previously unidentified individuals.
Assessing scoliosis using CT scans provides a more complete picture of spine curvature disorders and their consequences.

Scoliosis, or abnormal lateral curvature of the spine, is generally diagnosed using a series of radiographs (X-rays) and specific body positioning.
Clinically, diagnosis can be achieved using a standard anterior-posterior radiograph of the torso; a line is drawn parallel to the superior endplate of the
upper vertebra and inferior endplate of the lower vertebra surrounding the curvature. Where the lines intersect is the Cobb angle and the diagnosis is
scoliosis if the Cobb angle exceeds ten degrees. In the present pilot study, we attempt to identify and quantify the degree of scoliosis in a sample of CT
scans of deceased individuals. Medical CT scans of the torsos of deceased individuals with and without a prior diagnosis of scoliosis from the New
Mexico Decedent Identification Database (NMDID) were imported into Dragonfly software (n=30). Multiple 2D images were taken in the anterior-
posterior direction to capture the entire vertebral column. The 2D images were overlayed in GIMP or Photoshop®, maintaining scale. The Cobb angle
was calculated from a composite image of each individual and angles greater than ten degrees were identified as likely scoliotic. Results of the Cobb
angle estimation were then compared to the decedent’s diagnostic history of scoliosis. Using this method, the correct classification rate was 72%.

During this study, several limitations and challenges were identified. The first is that while each of the scoliotic individuals had a prior diagnosis of
scoliosis, the authors had no further information such as etiology, timing of diagnosis (i.e., pubescent versus elderly), potential surgical or orthotic
interventions, or comorbidities such as hyperkyphosis or osteoporosis. Further, the authors had no ability to reposition the body to optimize the decedent
for measurement; thus, several torsos were slightly askew, introducing more potential error. Despite these challenges, the authors were able to identify
scoliosis relatively well, especially in individuals with a double or triple curvature. In future studies, we will examine the effects of scoliosis on the
shape of the pelvis.

The results of this study demonstrate that the Cobb angle can be estimated from CT scans of deceased individuals, which has the potential to aid in
identification of previously unidentified individuals. Assessing scoliosis using CT scans provides a more complete picture of spine curvature disorders
and their consequences.

Scoliosis; Vertebral Curvature; Computed Tomography
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Al18 Inter- and Intra- 3D Modeling Reliability From Computed Tomographic Imaging of the Lumbar
Vertebrae

Summer Decker, PhD¥*, University of South Florida, Tampa, FL; Daniel Martin, MD, University of South Florida Morsani College of Medicine,
Tampa, FL; Louis Leon, MD, University of Central FL/HCA Healthcare GME, Lutz, FL; Jonathan Ford, PhD, Department of Radiology*, Tampa, FL

Learning Objective: After attending this presentation, attendees will have a deeper understanding of the reliability of 3D modeling from Computed
Tomographic (CT) scans of the lumbar vertebra and how that extends to the analysis of medical image data for forensic applications.

Impact Statement: This presentation will impact the forensic science community by providing the inter- and intra-modeler results of an ongoing study
utilizing part-to-part comparison of the lumbar vertebra for personal identification (NIJ 2019-DU-BX-0031). As the utilization of medical image data
in a forensic setting continues to increase, the virtual 3D models and the analyses that derive from those models must be quantitative and reliable.
Previous studies have shown that several factors, like scanner settings and image quality, are critical in the development of validated 3D virtual
anatomical models.! Other factors such as anatomy of interest and 3D modeler reliability also play a role in the accuracy of any virtual forensic analysis.

The use of medical imaging for forensic purposes in pathology, odontology, anthropology, and personal identification is commonly used in everyday
practice. Two-dimensional radiographs have been used for forensic applications since the discovery of the technology and continue to be used today.
Additional medical image technologies, such as LODOX® scanners, Postmortem Computed Tomography (PMCT), and Postmortem Magnetic
Resonance Imaging (PMMR) are becoming more commonplace in the forensic setting. With its increase in use, PMCT has been leveraged in the virtual
forensic analysis of osseus materials. This ranges from the establishment of a biological profile to injury analyses to personal identification. As these
methodologies often utilize CT-derived 3D models of boney anatomy, it is critical that these virtual anatomical structures are reliable and reproducible
from practitioner to practitioner. The purpose of this study was to analyze the inter- and intra-modeler reliability by comparing 3D modeled L1-L5
vertebrae.

As part of an ongoing personal identification project sponsored by the National Institute of Justice (NIJ 2019-DU-BX-0031), 25 de-identified clinical
thoraco-abdominal CT scans were selected at random from the overall study database. Each scan was imported into the Mimics® Innovation Suite v.
24 (Materialise). The L1-L5 vertebra were then isolated and modeled via hand-segmentation and thresholding. Two users modeled each set of 25 scans,
for a total of 125 lumbar vertebra each. After a period of six months, one user re-modeled the exact 25 for intra-modeler comparison. A part-to-part
comparison was conducted comparing modelers’ vertebrae and a match ratio was measured. A threshold of +/- 1mm was set for the part comparison.
The slice-thickness of each scan was also recorded to determine any potential influence in outcome as its influence on resultant models has been
documented.

Inter-modeler match ratios were excellent, with average match ratios of: L1 0.973 +/- 0.048, L2 0.961 +/- 0.042, L3 0.957 +/- 0.042, L4 0.973 +/-
0.048, and L5 0.935 +/- 0.053. Intra-modeler match ratios were also excellent, with average match ratios of: L1 0.977 +/- 0.017, L2 0.977 +/- 0.016,
L3 0.965 +/- 0.034, L4 0.967 +/- 0.034, and L5 0.954 +/- 0.037. An Intra-Class Correlation Coefficient (ICC) of 0.75 was calculated comparing the
part-to-part inter and intra matches, indicating good agreement. Additionally, a Pearson’s Correlation was calculated comparing slice-thickness (which
ranged lmm-3mm, mean 1.51 +/- 0.51mm) and lumbar level (L1-L5) was calculated for both the inter- and intra-match ratios. The inter-modeler
comparison expressed a weak correlation to slice thickness (r=-0.298) and lumbar level (r=-0.251). The intra-modeler comparison only expressed a
weak correlation to slice thickness (r=-0.280).

Overall, there was excellent inter- (0.968 +/- 0.029) and intra- (0.953 +/- 0.046) modeling match. Additionally, for both inter and intra, thicker images
slices were associated with higher rates of modeler disagreement. For inter-modeler comparison, there was also a slight increase in modeler
disagreement with the more inferior lumbar vertebra. This disagreement may be on account of the increased facet complexity the more inferior one
progresses down the lumbar spine.

With the increase usage of PMCT in the forensic sciences, there is an equal increase in the availability and opportunity to utilize 3D tools. Accuracy,
reliability, and reproducibility are critical for any 3D-modeled geometry that is created with the intent for forensic analysis. As the creation of 3D
geometries from medical image data is often a mix of manual and semi-automated, one of the key elements for a reliably analysis is the practitioner’s
skill with the modeling software and anatomical understanding. With properly trained hands, 3D models and their subsequent analysis can be reliably
and accurately performed.

Reference:
I Ford JM, Decker SJ. (2016). Computed tomography slice thickness and its effects on three-dimensional reconstruction of anatomical structures.
Journal of Forensic Radiology and Imaging, 4, 43-46.

PMCT; 3D Modeling; Personal Identification
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A19 Investigating Forensic Anthropologists’ Training and Understanding of Evolutionary Theory

An-Di Yim, PhD*, Truman State University, Kirksville, MO, Michala Stock, PhD, Metropolitan State University of Denver, Denver, CO; Allysha
Winburn, PhD, University of West Florida, Pensacola, FL

Learning Objective: After attending this presentation, attendees will better understand forensic anthropology students’ and practitioners’ working
knowledge of foundational evolutionary theory concepts via their responses to a series of survey questions.

Impact Statement: This presentation will impact the forensic science community by providing new insights into forensic anthropologists’ education
in and implementation of this theoretical body of knowledge, highlighting both strengths and deficits, and suggesting areas in which the field can
bolster practitioner knowledge underlying forensic anthropological practice.

Central to the training of forensic anthropologists is a deep understanding of evolutionary theory. Both “Evolutionary Biology” (undergraduate level)
and “Evolutionary Theory” (graduate level) were highlighted as courses that should be required to practice forensic anthropology in the 2021 American
Board of Forensic Anthropology (ABFA) workshop on Forensic Anthropology Education Program Accreditation. While infrequently made explicit in
forensic anthropological publications, the relevance of evolutionary theory to forensic anthropologists’ practice is implicit and embedded in our
methods. This research investigates the training of forensic anthropologists. Specifically, it asks the question of how concepts in evolutionary theory
that are relevant to forensic anthropology are taught, understood, and perceived by forensic anthropologists.

A digital survey was created by the authors, reviewed and approved by the Institutional Review Board (IRB) of Truman State University, and circulated
online through listservs, social media platforms, and the authors’ personal and professional networks to biological and forensic anthropologists. A total
of 676 valid responses were collected over a six-week period. Among these, 524 respondents were forensic anthropologists and/or bioarchaeologists
that regularly engage in the field of forensic anthropology, while 152 respondents were biological anthropologists that do not engage in the field of
forensic anthropology.

Overall, the majority of biological anthropologists, regardless of the major field of study, agreed that evolutionary theory is highly relevant to biological
anthropology (89.0% of all respondents) and forensic anthropology (89.3% of forensic anthropologists), and most respondents (92.5%) had taken
university-level coursework relevant to evolutionary theory. When asked about the relevance of evolutionary theory to biological profile estimation,
more forensic anthropologist respondents deemed evolutionary theory irrelevant to population affinity estimation (20.1% of forensic anthropologist
respondents) compared with other aspects of the biological profile (ranging from 13.2% to 19.8% respondents).

When given a “quiz” originally designed for a 300-level undergraduate course about concepts in evolutionary theory that are relevant to forensic
anthropology, forensic anthropologists in general scored significantly lower than biological anthropologists that do not engage in forensic anthropology
(p <0.001; Analysis of Variance [ANOVAY]); however, the difference in scores is not significantly different from 0 between board-certified forensic
anthropologists and biological anthropologists with no forensic aspirations (p=0.716; Tukey’s Honest Significant Difference [HSD] test).

The results showed that while the majority of practicing forensic anthropologists or forensic anthropology students have relevant experience with
university-level courses involving evolutionary theory, their working knowledge (specifically on topics related to the practice of forensic anthropology)
is insufficient compared to their biological anthropology counterparts. By demonstrating potential shortcomings of the collective knowledge base in
forensic anthropology, the results of this research can serve as a basis for professional organizations and certifying bodies to develop guidelines for
education program accreditation and certification. Specifically, these results suggest that extensive literature review during dissertation writing and/or
studying for the ABFA Certification Examination allowed ABFA-certified forensic anthropologists to become more familiar with evolutionary theory
than non-ABFA colleagues. Incorporating and codifying the study of evolutionary theory into academic and practical training programs may enable
more forensic anthropologists to become proficient in understanding how this body of theory informs their practice.

Anthropology Education; Knowledge of Evolution; Survey
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A20 The Regression Analyses of Nasal Measurements for Forensic Facial Reconstruction: From Juvenile
to Adult

Dong-Ho Kim, PhD*, The Catholic University of Korea, Seoul, Seoul-t 'ukpyolsi, SOUTH KOREA; Sang-Seob Lee, DPhil, The Catholic University of
Korea, Seongdong-gu, Seoul-t 'ukpyolsi, SOUTH KOREA; Yi-Suk Kim, MD, PhD, The Catholic University of Korea, Seoul, Seoul-t 'ukpyolsi, SOUTH
KOREA; Dai-Soon Kwak, PhD, The Catholic University of Korea, Seoul, Seoul-t 'ukpyolsi, SOUTH KOREA; U-Young Lee, College of Medicine, The
Catholic University of Korea, Seoul, Seoul-t 'ukpyolsi, SOUTH KOREA

Learning Objective: After attending this presentation, attendees will have obtained information on the relationship between the piriform aperture and
soft tissue nasal measurements. This relationship will be exhibited with regression formulae that were designed to estimate the soft tissue nose from
the piriform aperture.

Impact Statement: This presentation will impact the forensic community by providing a type of guideline to enhance the accuracy of facial
reconstruction.

The nose is the most protruded element and is located at the center of the face; therefore, the role of the estimated nose in facial reconstruction and its
following recognition is regarded as crucial. Regression analysis was performed to validate the relationship between the soft tissue nose and the piriform
aperture in Korean adults and juveniles. Obtained prediction equations for nasal shape referred to the sex and age group to enhance estimation power.

Three-Dimensional (3D) skull and face models were rendered from computed tomography images of 331 males and 334 females, and the 3D models
were assessed using Mimics® (ver. 14.0, Materialise). Juveniles, who were under 20 years, were divided into three age groups according to the
development of the dentition. Adults were classified into three age groups of two decades each. Nine landmarks and nine measurements were used to
measure the soft tissue nose. Seven landmarks and five measurements were selected to measure the piriform aperture. Four measurements were defined
to explain the direct relationship between the nasal aperture and nasal shape.

First, descriptive statistics were performed to observe the general shape of the data. Then correlation of soft tissue nose measurements with piriform
aperture measurements was analyzed. The relationships of measurements that showed Pearson correlation value above 0.7 were selected for linear
regression analysis. Last, we performed linear regression of measurements considering the sex and age group as variables.

Finally, linear regression was performed divided into juveniles, adults, and the total population. The resultant equations estimated nasal bridge length,
nasal height, nasal protrusion, and nasal width. Juveniles generally showed larger R-square values than adults with the same equation factors. Also
taking into account sex and age group, regression analysis showed enhancement of explanation ability. In juveniles, the age group showed a larger
effect on R-square, while sex showed a greater effect in adults. In total population, defining a sample is whether a juvenile or adult showed increment
of explanation power. This study would be helpful to approximate nasal shape more accurately in facial reconstruction.

Facial Reconstruction; Three-Dimensional Measurement; Regression Analysis
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A21  The Significance of Facial Soft Tissue Thickness in Craniofacial Reconstruction: A Systematic Review
and Meta-Analysis

Jagmahender Sehrawat, PhD*, Panjab University, Department of Anthropology, Chandigarh, Chandigarh, INDIA,
Bhavna Ahlawat, MSc, Panjab University, Chandigarh, Chandigarh, INDIA

Learning Objective: After attending this presentation, attendees will have a conclusive outlook of research trends in Facial Soft Tissue Thickness
(FSTT) estimations and its contributions in refining craniofacial reconstruction technology for forensic applications.

Impact Statement: This presentation will sensitize the forensic science community about the significance of facial soft tissue thickness in developing
automatic facial recognition systems as wee as in identification pursuits of unknown skulls retrieved in forensic scenarios.

Forensic anthropologists are traditionally interested in facial approximations and reconstruction of physiognomies of individuals and creation of life-
like features onto the unknown skulls retrieved from forensic or bioarchaeological contexts.! Craniofacial Reconstruction (CFR) is a complex,
challenging task of rebuilding the facial morphology of the deceased; performed manually or using computer-based analogs and algorithms generated
from face analytics, soft tissue thicknesses, and craniometrics. The continued advancements in imaging modalities have led to the development of
precise and flexible programs for accurate CFRs.>?* The reproducibility, reliability, and accuracy levels of tissue thickness estimations can be enhanced
and scrutinized through the application of standardized modern radio-diagnostic techniques, use of larger sample size, reporting age-, sex-, Body Mass
Index (BMI) - and region-specific variations. Various radio-imaging modalities like radiographs, ultrasound, Computed Tomography (CT), or Magnetic
Resonance Imaging (MRI) scanning have been widely used for estimation of FSTT values onto human faces and to analyze the influence of sex, age,
ethnicity, body-mass index and body composition, corpulence, subcutaneous fat, hydration status, and weight of an individual on such estimates.'*>

The present study scrutinizes the role of FSTT in craniofacial reconstruction by revisiting the studies published in the recent past decade (2010-2022).
The searches for the published articles mentioning FSTT and related topics spawning over these years were performed using the search-engines like
PubMed®, Sciencedirect®, Web of Science®, and Scopus®. A total of 325 research articles were identified using different keywords (forensic facial
identification, facial soft tissue thickness, skeletal types, effect of age, sex, ethnicity on FSTT, radiological modalities of CT and MRI, etc.), out of
which 84 studies were found relevant for systematic review. The inclusion criteria were to consider the studies related to forensic facial reconstruction
only and those published during the past decade; the studies not satisfying the present study inclusion criterion were ignored for further analyses. Out
of 84 relevant articles, 30 articles presented databases for sex-, age-, and ethnicity-dependent variations in soft tissue thickness measurements. Finally,
17 studies reporting sexual dimorphic variations in FSTT values estimated in supine or upright postured individuals (aged 18-90 years and above) were
considered for meta-analysis. The comparative analysis of FSTT data in different age groups revealed that there is a gradual increase in FSTT values
in successive age groups in both the sexes. Sex and BMI of an individual has a profound effect on the facial soft tissue thicknesses. FSTT of the upper
part of the face is usually thinner than the lower part, and the lower part of the face shows greater variation when compared to the upper part; ergo,
special care needs to be applied while reconstructing the lower portion of the face. The study design, instrumentation, and imaging modality used,
protocols applied, number of subjects considered, age, sex, and ethnicity-dependent variations in FSTT values, and recent advancements and
applications of tissue depth estimations have been systematically reviewed in-depth in the present study.

Present systematic review and meta-analysis gives a conclusive outlook toward research trends in FSTT estimations, its contributions in refining
craniofacial reconstruction technology, and identifying where we lack and where we can improve. The detailed results will be presented in the textual,
graphical, tabular, and diagrammatic forms in this presentation.

References:

I Wilkinson C. A review of the changing culture and social context relating to forensic facial depiction of the dead. Forensic Sci Int 245:95; 2014.
Panenkova P, Betiu§ R, Masnicova S, Obertova Z, Grunt J. Facial soft tissue thicknesses of the mid-face for Slovak population. Forensic Sci Int
220: 293.e1; 2012.

Parks CL, Monson KL. Recognizability of computer-generated facial approximations in an automated facial recognition context for potential use
in unidentified persons’ data repositories: Optimally and operationally modeled conditions. Forensic Sci Int 291:272; 2018.

4 Tutkuviene J, Cattaneo C, Obertova Z, Ratnayake M, Poppa P, Barkus A, Khalaj-Hedayati K, Schroeder I, Ritz-Timme S. Age- and sex-related
growth patterns of the craniofacial complex in European children aged 3—6 years. Ann Hum Biol 43:510; 2016.

Urbanova P, Vojtisek T, Frishons J, Sandor O, Jurda M, Krajsa J. Applying 3D prints to reconstructing postmortem craniofacial features damaged
by devastating head injuries. Leg Med (Tokyo) 3:48; 2018.
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A22  Sixteen Years of Forensic Anthropology at the Harris County Institute of Forensic Sciences (HCIFS):
Reflections and Looking Forward

Julie Fleischman, PhD¥*, Harris County Institute of Forensic Sciences, Houston, TX; Jason Wiersema, PhD, Harris County Institute of Forensic
Science, Houston, TX; Miriam Soto Martinez, PhD, Harris County Institute of Forensic Sciences, Houston, TX

Learning Objective: The goal of this presentation is to provide a summary of the forensic anthropological contributions to the HCIFS between 2006
and 2022 by demonstrating the breadth of forensic anthropological services offered in a Medical Examiner’s (ME) office.

Impact Statement: This presentation will impact the forensic science community by demonstrating the contributions of forensic anthropologists to
medicolegal casework, particularly beyond the estimation of the biological profile.

The Forensic Anthropology Division (FAD) at HCIFS was established in 2006 when the first in-house forensic anthropologist was hired. Since then,
the FAD has employed seven American Board of Forensic Anthropology (ABFA) Diplomates and has trained seven postdoctoral grant-funded Fellows.
In 2015, the FAD was the first forensic anthropological laboratory in an ME office to be accredited by ANSI National Accreditation Board (ANAB)
(International Organization for Standardization [ISO] 17020).

Since the FAD’s establishment, the seven members have received approximately 5,000 case requests. FAD members conduct “traditional”
anthropological analyses such as estimating components of the biological profile, assessing whether remains are human or non-human, and determining
whether remains are of medicolegal significance. Responding to death scenes is also a common request of forensic anthropologists, depending on the
jurisdiction and type of incident, and FAD members have responded to nearly 400 scenes.

29

The HCIFS forensic pathologists, in coordination with the forensic anthropologists, increasingly request analyses beyond those “traditionally
considered within the purview of anthropology. Skeletal and cartilaginous trauma analyses are the most frequent request, accounting for approximately
2,500 cases over the past 16 years. Blunt force trauma interpretation is the most common trauma request, with approximately 1,800 analyses performed.
Pediatric skeletal examinations, a technique pioneered at HCIFS, or cases involving pediatric decedents have accounted for more than 500 analyses.
Finally, FAD personnel have assisted with more than 500 identification cases utilizing medical and/or dental imaging comparisons and/or contextual
information.

The HCIFS forensic anthropologists have also published extensively and have served as principal and/or co-principal investigators on numerous grants.
Between 2008 and 2022, members of the FAD have published one book, 39 articles in peer-reviewed journals, and 14 book chapters. The forensic
anthropologists have been awarded 45 grants, totaling more than six million dollars, from eight granting agencies between 2007 and 2022. FAD
members are active within the forensic science community and have been committee members, board members, and/or consultants for numerous
organizations including the American Academy of Forensic Sciences (AAFS), the AAFS Standards Board (ASB), the American Board of Forensic
Anthropology (ABFA), the Forensic Science Standards Board (FSSB), the Journal of Forensic Sciences (JFS), the Organization of Scientific Area
Committees for Forensic Science (OSAC), Scientific Working Groups (SWGs), and the Society of Forensic Anthropologists (SOFA), to name a few.
The breadth of our casework routinely inspires these contributions, and we believe they are imperative for the effective practice of forensic anthropology
and continued relevance in the Medical Examiner or Coroner (ME/C) context.

The most recent example is the development of the HCIFS’s new Postdoctoral Forensic Anthropology Fellowship. This annual, training-based
Fellowship will provide the necessary skills, techniques, and procedures required to work in an ME/C office. Considering this new training model, we
argue that the next contribution is for forensic anthropologists to standardize the discipline’s skillset to be of more value to ME/Cs, even if they are not
based within an ME/C office. We encourage students and early career professionals to look forward and diversify their skillsets to best serve the
medicolegal system.

Casework; Medical Examiner’s Office; Fellowship
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A23  Forensic Anthropology Casework at the St. Louis County Office of the Medical Examiner

Lindsay Trammell, PhD*, Saint Louis County Office of the Medical Examiner, St. Louis, MO

Learning Objective: After attending this presentation, attendees will better understand the composition of forensic anthropological consultations at
the St. Louis County Office of the Medical Examiner from 2013 through 2021.

Impact Statement: This presentation will impact the forensic science community by highlighting the types of forensic anthropological casework
within an urban medicolegal system in the Midwestern United States and by providing comparable data for similar jurisdictions.

The field of forensic anthropology has garnered added attention in the past decade as evidenced by more prolific coursework offered among
undergraduate and graduate programs as well as concurrent increased recognition of the function of the forensic anthropologist in the medical examiner
and coroner office. With this growth, however, the role of the anthropologist in the medicolegal system is still not completely understood, nor is the
full scope of their work. This is partly due to the lack of published data on casework composition and detail.

Waxenbaum and Grauer provided insight into forensic anthropological casework at the Cook County, IL, Medical Examiner’s Office (MEO).! This
study incorporates similar variables as it presents data on forensic anthropology consultations within the St. Louis, MO, region as well as nearby
counties in Missouri and Illinois where St. Louis County MEO forensic pathologists also provide services.

The St. Louis County MEO employs one full-time forensic anthropologist, who from September 2013 until January 2022 worked concurrently as a
medicolegal death investigator. The anthropologist provided consultations at the request of the forensic pathologist or a coroner in a neighboring
jurisdiction.

With the goal of eventually directly comparing and collaborating with Waxenbaum and Grauer, the following variables were collected from 2013 to
2021: month of discovery, decedent depositional environment, condition of remains upon discovery, type of anthropology consultation, time from
discovery to consultation request, time from consultation request to analysis, and time from analysis to report completion.

From 2013 through 2021, 315 forensic anthropological cases were completed, averaging 35 per year with the lowest in 2013 (n=19) and the highest in
2019 (n=61). Most consultations were discovered in April (n=35), with the fewest being in January (I=19); the majority were outdoor, surface recoveries
(n=173), with the second most common context being indoors (#=80).

At the time of original discovery, the state of decomposition of the remains was recorded with the following results: fresh (n=33); decomposing (n=81);
mummified (n=10); fully skeletonized (n=158); and thermally altered (n=44). Consultation requests often included more than one type of forensic
anthropological examination and were distributed broadly into these categories: biological profile (#=78); osseous trauma analysis (n=80); radiographic
identification (n=111); determination of medicolegal significance (»=15); and human versus non-human assessment (n=106).

Additional forensic anthropological requests included exhumation assistance, DNA sample procurement, cold case review, and fetal pathological
assessment. Excluding human versus non-human cases, the average time from discovery to anthropological consult request was 4.28 days, from consult
request to anthropologist involvement was 2.18 days, and from analysis onset to report submission was 7.55 days.

The role of the forensic anthropologist within the medicolegal community is expanding and more open discussion of their roles among practitioners
and researchers in the field will continue to contribute to the advancement of the forensic anthropological community and the forensic science
community as a whole.

Reference:
- Waxenbaum EB, Grauer AL. 2022. Forensic Anthropology Casework at the Cook County Illinois Medical Examiner's Office, 2012-2020.
Proceedings of the American Academy of Forensic Sciences, 74" Annual Scientific Conference. Seattle, WA 2022.
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A24  Research Needs vs. Publication Trends in Forensic Anthropology

Mariyam Isa, PhD*, Texas Tech University, Lubbock, TX; Amy Michael, PhD*, University of New Hampshire, Durham, NH, Catherine Wainer, BA,
Texas Tech University, Lubbock, TX

Learning Objective: After attending this presentation, attendees will be informed about a decade of publication trends in forensic anthropology and
how published literature compares with forensic anthropologists’ current caseloads and opinions on research needs.

Impact Statement: This presentation will impact the forensic science community by examining the extent to which current research meets the needs
of forensic anthropology casework.

This research compares data generated through an extensive literature review of forensic anthropology publications with survey data from practitioners
who regularly engage in forensic anthropology casework.

Survey data were collected via an anonymous online survey hosted by the University of New Hampshire (UNH) and reviewed and exempted by the
Institutional Review Boards of UNH and Texas Tech University. The survey targeted practitioners who regularly conduct forensic anthropology
casework, defined for this research as approximately 12 case reports per year or 1 per month. Respondents were asked to: (1) characterize the number,
type, and frequency of cases on which they typically consult and testify, and (2) provide opinions on urgent research needs in forensic anthropology.
As of abstract submission, 22 participants have responded to the survey, with solicitation to continue through Fall 2022. Preliminary results are
presented here.

Publications dated January 2012—July 2022 were reviewed to evaluate the current state of forensic anthropology literature. A title-abstract-keyword
search for “forensic anthropology” was conducted within relevant journals, including Forensic Science International (n=589), Journal of Forensic
Sciences (n=500), International Journal of Legal Medicine (n=270), American Journal of Physical Anthropology (n=88), and Journal of Forensic and
Legal Medicine (n=146). All American Academy of Forensic Sciences (AAFS) Anthropology section abstracts (n=1,547) and Forensic Anthropology
publications (n=144) within the target time frame were included in the review. In total, 3,284 abstracts were evaluated, excluding reprints.

To date, survey respondents reported consulting most frequently on cases involving human versus non-human determination, biological profile, trauma
analysis, and personal identification (specifically, radiographic comparison). These results are consistent with previous findings that medicolegal
significance, trauma analysis, biological profile, radiographic comparison, and Postmortem Interval (PMI) estimation comprise the most common types
of forensic anthropology casework.' Respondents reported testifying most often in trauma analysis cases. Survey respondents were generally positive
about research presented at AAFS, but indicated that studies are often too simplistic or, while theoretically novel, not practically useful. Respondents
were less enthusiastic about published manuscripts, citing a disconnect between academic and applied forensic anthropology.

Several respondents expressed interest in methods that do not require specialized equipment and research to support court testimony. Common
practitioner-stated research needs included increased studies on trauma (especially fracture healing and research to support pediatric trauma analysis);
updated biological profile methods developed on diversified populations; expansion of validation studies; and estimation of extended PMI.

The literature review revealed that 40.0% of abstracts and manuscripts focused on aspects of the biological profile. Abstracts and manuscripts focusing
on age and sex estimation were most frequent across all publications reviewed. Approximately 12.4% of abstracts focused on taphonomy (inclusive of
PMI), 10.8% on trauma analysis, 4.3% on personal identification, and 2.0% on medicolegal significance (inclusive of osseous versus non-osseous,
human versus non-human, and historic/non-forensic versus modern/forensic).

The results highlight gaps between current literature and practitioner-reported caseloads and research needs. Practitioners report frequently consulting
and testifying on trauma cases and list trauma research as an urgent need; meanwhile, trauma studies constitute less than 11% of published manuscripts
and abstracts. Similarly, while practitioners frequently consult on personal identification cases, less than 5% of abstracts focus on this topic. Biological
profile methods dominate the literature across all examined publications, though survey results suggest practitioners are not entirely satisfied with the
diversity of reference samples, practical applicability of methods, and/or amount of research validating existing methods.

These findings are particularly useful for Master’s and PhD students interested in developing research projects focused on the most relevant needs of
the field. While academic research is often constrained by resource access and/or time limits for degrees, students and advisors can use these data to
better direct the scope of their research questions.

Reference:
I Passalacqua NV, Pilloud MA, Philbin C. Caseloads in Forensic Anthropology. A40. Proceedings of the American Academy of Forensic Sciences,
73" Virtual Annual Scientific Meeting. 2021.
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A25 A Postdoctoral Forensic Anthropology Fellowship in the Medical Examiner Setting: A Vision for the
Future

Jason Wiersema, PhD*, Harris County Institute of Forensic Science, Houston, TX; Miriam Soto Martinez, PhD, Harris County Institute of Forensic
Sciences, Houston, TX; Julie Fleischman, PhD, Harris County Institute of Forensic Sciences, Houston, TX; Luis Sanchez, MD, Harris County
Institute of Forensic Sciences, Houston, TX

Learning Objective: The goal of this presentation is to introduce and discuss competencies that we argue should be standardized for forensic
anthropologists working in a Medical Examiner’s or Coroner’s (ME/C) Office, and the efficacy of a Postdoctoral Fellowship Program as the mechanism
for training in these competencies.

Impact Statement: The presentation will impact the forensic community by presenting postdoctoral fellowships as a solution to the circular problem
of experience and certification in forensic anthropology.

The field of Forensic Anthropology has a well-known circularity problem: that certification by the American Board of Forensic Anthropology (ABFA)
requires casework experience, but non-certified anthropologists should not conduct unsupervised casework. Efforts to resolve this problem have
resulted in recent substantial changes to the certification process and significant effort on the part of ABFA leadership. The underlying problem is that,
unlike other forensic science disciplines, there is no current mechanism to provide experience before certification nor to ensure that a practicing
Diplomate has the necessary experience beyond passing an exam. The Harris County Institute of Forensic Sciences (HCIFS) demonstrates its
commitment to the advancement of the field of forensic anthropology with the recent development of its permanent Postdoctoral Forensic Anthropology
Fellowship. This Fellowship is modeled on those undertaken by medical professionals, such as forensic pathologists, and is intended to address the
field’s circularity problem by providing intensive training based on the core competencies of the discipline. However, this program cannot be successful
without continued progress by the forensic anthropology leadership. We argue that two advancements are specifically necessary for a Fellowship of
this kind to adequately fill the gap as intended: (1) the development of the forensic anthropological tool kit based on settled core competencies, and
(2) reconciliation of this tool kit with the needs of the forensic pathologist.

The year 2022 marks the inauguration of HCIFS’s permanent, county-funded Postdoctoral Forensic Anthropology Fellowship, the first in an ME/C
Office in the country. During the development of this position, the HCIFS Anthropology Division has identified a set of competencies that are of
primary benefit to our forensic pathologists, and by extension, a likely benefit to MEs beyond our jurisdiction. Based on more than 16 years of
continuous casework on more than 5,000 cases, we argue that the following competencies are necessary for employment and relevancy in an ME/C
Office: (1) skeletal and cartilaginous trauma analysis and interpretation; (2) recognition and description of biomechanical forces and their relation to
patterns of skeletal injury; (3) proficiency in examination and interpretation of pediatric skeletal trauma, pathologies, and anomalies; (4) proficiency in
producing and interpreting relevant varieties of medical imaging; (5) gross and/or radiographic recognition and description of bone pathologies;
(6) adhering to medicolegal-level evidence handling and management; (7) participating in court testimony and demonstrating an understanding of the
judicial ramifications of casework; and (8) adhering to rigorous standard operating procedures, peer-review, and quality management.

As forensic anthropology evolves, we also argue that the following skills should be incorporated into the list of core competencies to expand the tool
kit: proficiency in recognition and interpretation of bone histology, particularly fracture healing rates, advanced medical imaging interpretation, and
anthropological genetics. Additionally, the structure and function of the medical examiner system requires that forensic anthropology must continue to
develop and be responsive to standards and best practices and ensure that these core competencies are standardized in their application. The indicators
of success for the HCIFS Postdoctoral Forensic Anthropology Fellowship will be: (1) the Fellowship model will be accepted by the discipline as a
novel mechanism to address the circularity problem; (2) that other ME/C Offices will follow suit; and (3) that the program will continue to benefit from
advances in the universality of the services provided by the forensic anthropologist and the reliability (based on standard training) of those services.

Forensic Anthropology; Postdoctoral Fellowship; Competencies
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A26 A Technical Note on Recovery and Processing of Burned Human Remains

Hayden McKee-Zech, MSc*, University of Tennessee-Knoxville, Knoxville, TN; Sara Fatula, MA, University of Tennessee-Knoxville, Knoxville, TN;
Giovanna Vidoli, PhD, Forensic Anthropology Center, University of Tennessee-Knoxville, Knoxville, TN; Joanne Devlin, PhD, University of
Tennessee-Knoxville, Knoxville, TN

Learning Objective: The goal of this presentation is to describe best practices in recovering and processing burned human remains.

Impact Statement: Burned remains are difficult to recover and process due to their fragile nature. This presentation will impact the forensic science
community by informing attendees that processing of these remains is essential for viewing areas necessary to conduct anthropological analyses or
long-term curation for research collections or unsolved forensic cases.

Due to thermal exposure and the loss of water and organic materials, burned bone experiences morphological changes such as shrinking, cracking, and
deformation. These changes make the bone fragile and render recovery and processing difficult. Due to their fragility, common methods of maceration
or the removal of soft tissue to better visualize the bone for conducting anthropological analyses, including physical maceration and hot water
maceration, may not be appropriate for burned remains. Triaca et al. proposed hot water maceration at a temperature of 80°C for 24 hours as the best
practice for processing burned bone.! However, this study was conducted on burned pig’s feet that were exposed to thermal heat for a total of 30
minutes, resulting in a mixture of calcined and unburnt bones lacking most overlying soft tissue. When this processing method was applied to human
remains burned at a Glassman-Crow Scale (GCS) of 3, the remains exhibited further fragmentation and damage, suggesting the need for best practices
for processing burned human remains when anthropological analysis and long-term curation is needed.? The following is a technical note describing
best practices for the recovery, processing, and curation of burned human remains.

Twelve human individuals were burned for 2—3 hours at approximately 800°C on an open-air pyre in Knoxville, TN, until a GCS 3 was reached. Burned
skeletal remains were packaged for transport by placing loose elements in labeled aluminum foil pouches or in brown paper bags. Laboratory processing
of burned remains included a combination of dry brushing, dry picking, physical maceration, hot water maceration, and steaming.

The best practice for transportation of remains utilized tin foil, as it proved to be more secure and supportive than brown paper bags, thus minimizing
damage. Best practices for processing the burned bone depended on the degree of burning. For unburned bone, standard processing and maceration
with tap water and toothbrushes was optimal. If tissue remains adherent, hot water maceration at 60°C in 45-minute intervals is recommended. If the
cortical bone was blackened, best practices were to avoid direct water maceration, instead performing dry picking and gently applying a damp
toothbrush, if necessary. If the remains exhibited a combination of blackened and unburned bone, hot-water maceration was applied to the unburned
end while the blackened end was maintained above the water line using washcloths for stabilization. If the trabecular bone was blackened, it was
imperative that the bone did not receive direct water-based maceration. If tissue was present, a dry toothbrush was lightly applied; if tissue was still
adhered, the elements were steamed in 45-minute intervals using a mesh colander suspended above approximately one inch of 60°C water. Following
steaming, soft tissue was removed with forceps, dental picks, or toothbrushes. If the bones were calcined, a light brushing to remove any adherent
burned soft tissue proved sufficient. Fragile elements were always supported using washcloths, regardless of burn status. The remains will need to be
assessed again following 1.5 years of curation to determine the longevity of this method.

References:

I Triaca A, Mahon TJ, Myburgh JA, 2022. Comparison of different maceration techniques on burnt remains. Journal of Forensic Science, 67, pp.
676-682.

Glassman DM, Crow RM, 1996. Standardization model for describing the extent of burn injury to human remains. Journal of Forensic Science,
41(1), pp.152-154.
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A27  The Role of Anthropologists in the Identification Process Across Medicolegal Jurisdictions

Ginesse Listi, PhD*, Louisiana State University, Geography & Anthropology, Baton Rouge, LA; Teresa Wilson, PhD, Louisiana
State University, Baton Rouge, LA; Emily Michon, MA, Louisiana State University, FACES Laboratory, Baton Rouge, LA, Sophia Reck, MA, Louisiana
State University, Baton Rouge, LA, Krista Bennett, MA, Louisiana State University, Baton Rouge, LA

Learning Objective: After attending this presentation, attendees will be knowledgeable about the various responsibilities of forensic anthropologists
working in different medicolegal jurisdictions, as well as about the use of biocultural data in the identification process.

Impact Statement: This presentation will impact the forensic community by documenting the various responsibilities of forensic anthropologists
working in different medicolegal jurisdictions, as well as how biocultural data are used in the identification process.

The role of anthropologists in the identification process varies across medicolegal jurisdictions; however, formal data that document the variation in
methods and experiences are not available. The current study addresses this deficiency by documenting: (1) the types of cases on which anthropologists
in various jurisdictions and agencies consult; (2) the role of anthropologists in the identification process; (3) the interaction between forensic
anthropologists and various case stakeholders; and (4) the use of biocultural data for identification purposes. A survey designed to elicit this information
was created, approved by Louisiana State University (LSU) Institutional Review Board (IRB) (#22-0458), and disseminated to the forensic
anthropology community through the Anthroforensics and Society of Forensic Anthropologists (SOFA) listservs. To fully complete the survey,
participants had to be practicing forensic anthropologists holding a minimum of a bachelor’s degree. The survey was active from May 12 through July
8, 2022, and included 17 questions, some with multiple subquestions, that collected information on education, employment, medicolegal jurisdiction,
casework experience, participation in the identification process, and the use of biocultural data.

Sixty-nine individuals completed the survey, with a response rate ranging from 50 to 69 for each question; the mode response rate was 51. The majority
of participants have PhDs (67%), hold American Board of Forensic Anthropology (ABFA) Diplomate status (38%) or have their work peer-reviewed
by a Diplomate (35%), and have conducted casework from 1 to 40 years (mean and mode of 17.3 and 20 years, respectively). Most participants are
employed in universities (45%) or Medical Examiner/Coroner (ME/C) offices (24%), perform casework in ME (54%) or Mixed ME/C (14%) systems,
and work alone (22%) or with fewer than four colleagues (50%).

Highlights of survey results concerning the role of anthropologists in the identification process, their interactions with other stakeholders, and the use
of biocultural data include the following: most respondents (93%) consult on long-term deceased individuals, while fewer (65%) consult on the recently
deceased. Aside from skeletal analysis, respondents consistently provide supporting roles in the identification process, including taking DNA bone
samples, completing dental charts, obtaining antemortem medical records, and taking dental or other radiographs and photographs for comparative
purposes. Respondents less frequently establish positive identification; when they do, the method used most frequently is radiograph comparison (59%).
To perform these identifications, most respondents received on-the-job training or mentoring (38%). Case stakeholders with which the most respondents
interact include forensic pathologists (98%), DNA analysts (78%), and state’s attorneys/prosecutors (88%); the least frequent interactions are with
social media and non-law enforcement community groups (both 45%), and with odontologists and fingerprint analysts (both 41%).

The majority of respondents indicated that biocultural data are used in the identification process, either by the anthropologists themselves or by other
divisions within their agency, and either concurrent with (53%) or after (44%) skeletal analysis of the biological profile. Specifically, medical implants
and skeletal pathology are the most used (both 100%), followed by dental restorations (96%), general (76%) and specific (73%) recovery context,
tattoos (69%), personal artifacts (67%) and clothing (61%), and synthetic/natural hair (45%). Most respondents (74%) believe the use of these
biocultural data is not contrary to the goal of maintaining objectivity in the identification process.

In conclusion, survey results demonstrate the varied responsibilities of forensic anthropologists regarding the identification process, their interactions
with other forensic specialists, and the types of biocultural data they more frequently use. Moreover, while place of employment and medicolegal
jurisdiction influence procedure and responsibilities, participants in this survey generally believe the use of biocultural data does not compromise
objectivity and, in fact, facilitates identification.

Forensic Anthropology; Identification; Biocultural Data
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A28  Applying a Four-Field Approach to Forensic Anthropology Casework, Capacity-Building, and
Consultation

Jaymelee Kim, PhD*, University of Findlay, Findlay, OH; Lucia Elgerud, PhD, University of Tennessee Knoxville, Knoxville, TN; Megan Moore, PhD,
Eastern Michigan University, South Lyon, MI

Learning Objective: After attending this presentation, attendees will understand how ethnographic, archaeological, linguistic, and biological
anthropological training and skills can be combined to successfully engage in contemporary forensic anthropology problems.

Impact Statement: Anthropologists are unusually positioned to gain knowledge in executing diverse forms of research (e.g., ethnographic, biological),
which is particularly relevant to forensic capacity-building, policymaking, and engagement with sociocultural or sociopolitical issues relevant to
medicolegal fields. Rather than debating the relevance of this additional training for forensic anthropologists, this presentation will impact the forensic
science community by demonstrating how four-field anthropologists, or those who partner with them, engage in rich and innovative forensic practices.

In recent years, there has been growing interest among forensic specialists in underscoring anthropological training, not just in biological sciences, but
also social sciences. Forensic anthropology’s increased humanitarian and human rights work, the increased prioritization of evidence-based practice,
and ethical reflections on the field’s contributions to social inequity have prompted these dialogs. For example, forensic anthropology’s continued use
of “race” when attempting to identify unknown individuals has undergone continued critique in the field. This is particularly salient when psychological
and social science studies have shown implicit bias among medicolegal professionals in solving crimes in which Black, Indigenous, and People of
Color (BIPOC) are victimized. At the same time, these efforts to get forensic anthropology to recognize how its efforts may be used in oppressive
manners are sometimes met with resistance; United States sociopolitical trends that rely on anti-science, misinformation, and absence of advocacy have
caused some forensic scientists to cling to narrow and exclusionary definitions of data. This presentation acknowledges the potential and ability of
forensic anthropology to incorporate larger data sets that continue to promote evidence-based conclusions, if the scientists have appropriate education
and training across anthropological subfields or collaborate across subfields.

Some forensic anthropologists erroneously cite gathering witness statements or reviewing documents as evidence of qualitative research training
without understanding ethnographic methods. At the same time, others reject social science data. Here, the authors argue for inclusion of robust natural
and social science methods and data in forensic analyses and demonstrate the relevance of this approach through illustrating how they apply a four-
field approach to their casework, forensic capacity-building, and consulting that is rooted in education, experience, and training. Examples of integration
of sociocultural data will be drawn from the application of structural violence to casework in cities such as Detroit, MI; forensic anthropology,
archaeology, and DNA capacity-building in east African countries; and forensic consultation that is culturally informed domestically and abroad. This
is particularly relevant to potential integrations of forensic anthropological findings in public health and other policy-informing fields. With this, the
authors argue that those with training across subfields can contribute to a robust forensic anthropological approach that considers multifarious forms
of data, ultimately improving and enriching forensic anthropology’s contributions to medicolegal processes, policymaking, and the advancement of
evidence-based practices.

Four-Field Anthropology; Forensic Capacity-Building; Forensic Humanitarian Anthropology
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A29  The Evolution of a Holistic Anthropological Approach to Personal Identification at the Pima County Office
of the Medical Examiner

Jennifer Vollner, PhD*, Pima County Office of the Medical Examiner, Tucson, AZ; Bruce Anderson, PhD, Pima County Office of the Medical
Examiner, Tucson, AZ; Caitlin Vogelsberg, PhD, Pima County Office of the Medical Examiner, Tucson, AZ; Robin Reineke, PhD,
University of Arizona, Tucson, AZ; Mirza Monterroso, MA, Colibri Center for Human Rights, Tucson, AZ

Learning Objective: After attending this presentation, attendees will understand the development and value of a holistic anthropological approach to
the identification process of Undocumented Border Crossers (UBCs) at the Pima County Office of the Medical Examiner (PCOME).

Impact Statement: This presentation will impact the forensic science community by providing examples and suggestions for expanding the purview
of forensic anthropology into a more holistic endeavor, which can potentially increase identification rates.

This presentation proposes that a holistic anthropological approach has been a factor in the relatively high identification rate at the PCOME over the
past two decades. Dr. Walter Birkby, the first anthropologist associated with the PCOME, set the groundwork that has shaped the identification process
used today with continual augmentation as research, technologies, and techniques have advanced. In the early 2000s, as fatal recoveries of UBCs
increased in the Sonoran Desert, Drs. Birkby and then Anderson began to incorporate a “cultural profile” based upon data from identified UBCs. This
profile included the geographic location of recoveries, personal effects, and skeletal health indicators in addition to the traditional skeletally derived
biological profile when examining decedents.! Beatrice and Soler expanded on this original work developing a “biocultural profile” that more accurately
described the holistic approach taken in appreciating biological, sociocultural, and structural patterns among UBC decedents.?

Since the beginning of the humanitarian crisis on the southern Arizona border, this holistic approach to identification has continued to expand and
adapt to recent scientific methods. The observed importance of geographic location has been the impetus for the use of mapping techniques to record
recovery location and assist in potential inter-skeletal and identification hypotheses. Personal effects found on or near unidentified decedents help to
determine whether an individual is likely to be a UBC and, occasionally, what nationality that individual may be. Languages of documents or written
notes have indicated specific regions where indigenous dialects are spoken. More recently, the possession of facemasks has assisted in evaluating the
year of death for some individuals. These pieces of information are sometimes key to narrowing down the overwhelming list of potential missing
persons.

The collection of missing person data by anthropologists has also been crucial for comparisons between missing persons reports and unidentified
decedent profiles. The PCOME works with two non-governmental organizations, the Colibri Center for Human Rights and Equipo Argentino de
Antropologia, both of which employ anthropologists. Their training in various subfields, including biological, sociocultural, and archaeological
anthropology, assists both in building relationships with families and in the collection of strong antemortem data. For instance, training in osteology
allows for improved descriptions of potential skeletal manifestations of previous injuries or diseases in missing persons reports. This level of detail is
helpful when building identification hypotheses among unidentified decedents at the PCOME.

The PCOME has an approximate identification rate of 65% (n=2,298 of 3,609) for all UBCs since the year 2000 (when tracking began). This relatively
high identification rate can be correlated to the use of holistic anthropology within the PCOME as well as within several of our partner agencies. We
propose that the inclusion of similar strategies may aid other agencies in increasing identification successes.

References:

- Birkby WH, Fenton TW, Anderson BE. 2008. Identifying Southwest Hispanics using nonmetric traits and the cultural profile. Journal of Forensic
Sciences, 53(1): 29-33.

Beatrice J, Soler A. 2016. Skeletal Indicators of Stress: A Component of the Biocultural Profile of Undocumented Migrants in Southern Arizona.
Journal of Forensic Sciences, 61(5): 1164-1172.
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A30 The Anthropology of Forensic Identification: Four-Field Methods Used by the Louisiana State
University (LSU) Forensic Anthropology and Computer Enhancement Services (FACES) Laboratory

Sophia Reck, MA*, Louisiana State University, Baton Rouge, LA; Krista Bennett, MA, Louisiana State University, Baton Rouge, LA; Teresa Wilson,
PhD, Louisiana State University, Baton Rouge, LA; Ginesse Listi, PhD, Louisiana State University, Geography & Anthropology, Baton Rouge, LA;
Emily Michon, MA, Louisiana State University, FACES Laboratory, Baton Rouge, LA

Learning Objective: After attending this presentation, attendees will have a better understanding of how the application of holistic anthropological
methods assists with identification.

Impact Statement: This presentation will impact the forensic community by providing an overview of the methods and benefits of applying a four-
field approach to forensic anthropology casework at the LSU FACES Laboratory.

The forensic sciences are represented by a wide range of disciplines that focus on various evidentiary, scene, and medical analyses. Anthropologists
study humans in the context in which they live and operate; consequently, forensic anthropologists often contextualize the body in social space for
individual remains to be reassociated with an identity. Forensic anthropologists also describe and classify skeletal trauma, but even this assessment
incorporates more than biological phenomena. For example, research shows that a person’s culture and lived experiences affect the type, location, and
frequency of skeletal trauma.! Thus, forensic anthropology is commonly associated with biological anthropology, but also relies heavily on theory and
methodology from other anthropological subfields. Of forensic science specialists, anthropologists are those who primarily consider the intersection of
cultural, socioeconomic, geographical, and biological information during the identification process.? This range of data is crucial for work concerning
border crossers and humanitarian efforts, but is also pertinent and applicable to domestic casework.>* To this end, forensic anthropologists at the LSU
FACES Laboratory have been successful in applying a four-field anthropological approach to cases requiring identification.

The goal of the current presentation is to demonstrate the advantage of the four-field anthropological praxis at the LSU FACES Laboratory by
highlighting four cases resolved through consideration of various biocultural identifiers. In addition to biological estimations for age, sex, ancestry, and
stature, biocultural data including dental modifications, pathology, antemortem trauma, medical implants, tattoos, hair style and type, personal items,
clothing, and recovery location were used to create an anthropological profile for the decedents and contributed to the identification process. The case
studies will not only demonstrate the importance of using a broad spectrum of data but will underscore the relevance of anthropological pedagogy.

Four-field anthropological training promotes the reflexive examination of the practitioner’s positionality and biases, while also recognizing the agency
of the deceased. Louisiana’s history was shaped by Indigenous, African, French, and Spanish cultures among many others. Familiarity with local
histories, cultures, and spaces helps anthropologists address factors that affected an individual in death. As forensic scientists are ultimately public
servants, the anthropologists at the LSU FACES Laboratory have found that a four-field anthropological approach enhances analyses and allows for
better service to communities in Louisiana.

References:

- Brickley M, Smith M. Culturally Determined Patterns of Violence: Biological Anthropological Investigations at a Historic Urban Cemetery. Am
Anthropol 2006;108(1):163-177.

2 Michon EF, Reck SI, Listi GA, Wilson TV, Bennett KE. Facilitating Identification: Using Biocultural Data to Create an Anthropological Profile
[Manuscript in preparation]. Department of Geography and Anthropology, Louisiana State University.

3 Birkby WH, Fenton TW, Anderson BE. Identifying Southwest Hispanics Using Nonmetric Traits and the Cultural Profile. J Forensic Sci
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A31 Identification Investigations: A Collaborative Approach to the Resolution of Long-Term Unidentified
Persons Cases at the New York City Office of Chief Medical Examiner

Angela Soler, PhD*, New York City Office of Chief Medical Examiner, New York, NY; Justin Goldstein, MA, New York City Office of Chief Medical
Examiner, New York, NY; Aden Naka, MSc, New York City Office of Chief Medical Examiner, New York, NY

Learning Objective: After attending this presentation, attendees will consider how forensic anthropologists can contribute to identification
investigations through the examination of unknown remains, as well as the comprehensive interpretation of associated contextual information.

Impact Statement: This presentation will impact the forensic science community by providing an overview of the investigative model utilized for the
resolution of “true unknowns” at the New York City Office of Chief Medical Examiner (NYC OCME). Various case studies demonstrate not only the
real-world successes of a holistic approach to complex identification investigations in NYC, but also the adaptability of this framework for practitioners
in other jurisdictions.

There are approximately 14,000 unidentified remains cases currently uploaded to the National Missing and Unidentified Persons System.! Some of
these individuals were recovered decades ago, and the vast majority can be considered “true unknowns” without any tentative information regarding
identity. Such cases represent some of the most complex and challenging identification investigations, requiring practitioners to examine biological
and contextual evidence and, most importantly, apply a well-informed interpretation of the findings to hypothesize possible socioeconomic, cultural,
religious, and social identities. As practitioners broadly trained in critical theory, pattern analysis, and hypothesis testing, forensic anthropologists
working within or consulting for medicolegal agencies can significantly contribute to these complex identification investigations.

Holistic approaches to forensic investigations have previously been discussed in the context of ongoing identification efforts along the United States-
Mexico border, the identification of United States Service members, and, more recently, in discussions regarding the visibility of transgender
individuals.>® The benefits of a holistic approach to identification investigations is less frequently discussed, however, within daily operations of
medicolegal agencies and the resolution of long-term unknown persons cases.’ This presentation demonstrates how forensic anthropologists can and
should provide more comprehensive analyses that move beyond the examination of human remains, including the investigation of multiple lines of
contextual data.

At the NYC OCME, Forensic Anthropologists (FAs) utilize a mitigated bias approach to analyze both biological and contextual evidence, working
collaboratively with Identification Investigators (IDIs) to resolve complex unidentified remains cases. While the investigative model is fluid, the
analysis generally starts with a comprehensive examination of the body by the medical examiner and FA. When possible, this includes estimation of
the biological profile; review of identifying features; soft tissue, osseous, and dental features suggestive of socioeconomic status, religious, cultural, or
social identity; and estimation of the postmortem interval. Simultaneously, an FA and IDI will review the contextual information, including scene
location, scene type, and context of how the remains were found; contextual analysis of the personal effects; and the cause and manner of death.
Additional forensic testing may also include genetic and isotopic region of origin predictions. These data are then collectively considered to provide a
hypothesis of identity that is utilized to direct missing person comparisons and inform referral of identifying information to outside agencies. This may
include referral to local and/or federal law enforcement, homeless services, consular offices, religious organizations, local businesses (e.g., tattoo
parlors), and non-profit organizations.

This approach to long-term unidentified cases has resulted in the resolution of over 20 cases in the past two years at the NYC OCME, each of which
presented its own investigative complexities. Although the application of this model will differ based on the needs of each jurisdiction, this presentation
provides a framework for practitioners to meaningfully advance complex identification investigations.
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A32  Beyond the Science: The Value of Anthropological Forensics Discussion

Ginesse Listi, PhD*, Louisiana State University, Geography & Anthropology, Baton Rouge, LA; Emily Michon, MA, Louisiana State University,
FACES Laboratory, Baton Rouge, LA; Sophia Reck, MA, Louisiana State University, Baton Rouge, LA; Krista Bennett, MA, Louisiana State University,
Baton Rouge, LA

Learning Objective: After attending this presentation, attendees will have learned from representatives in different medicolegal jurisdictions and
professional settings how the objectives of forensic science are met through the balanced practice of anthropological forensics.

Impact Statement: This presentation will impact the forensic science community by demonstrating how the objectives of forensic science are met
through the balanced practice of anthropological forensics.

The origin of forensic anthropology is attributed to academic physical anthropologists and anatomists who assisted law enforcement by applying
skeletal knowledge to questions of identification. From this narrowly focused beginning, forensic anthropology has emerged as a robust contributor to
the medicolegal process. Forensic anthropologists today are employed with coroner and medical examiner offices as well as in academia and, in addition
to identification, provide assistance with trauma analysis, field recovery, Postmortem Interval (PMI) estimation, mass fatality incidents, and
humanitarian crises. Consistent with other forensic disciplines, recent scholarship in forensic anthropology has emphasized scientific rigor and focused
on standardization of methods, training, and qualifications. Given the gravity of the forensic anthropologists’ responsibilities in medicolegal and
humanitarian contexts, such grounding in scientific method and theory is undeniably essential.

However, the variety of circumstances from which forensic anthropologists recover and analyze skeletal remains, and the breadth of their
responsibilities, are unlike other forensic practitioners. Moreover, the education forensic anthropologists receive goes beyond the biological sciences
to encompass theories and subject matter from the humanities and social sciences. This comprehensive training enables forensic anthropologists to
consider and use not only biological but also linguistic, sociocultural, and archaeological methods and data in their analyses. This unique
anthropological perspective allows the deceased to be understood as “agents” in the medicolegal process who affect and are affected by their broader
community and social networks.

This symposium highlights forensic anthropologists working in a variety of medicolegal jurisdictions and different professional settings who have
applied a holistic perspective to their casework. This presentation demonstrates that the practice of forensic anthropology exists on a continuum from
the biological to the social sciences, and that anthropologists use multiple types of data, if not equally, then at least regularly, regardless of where they
are employed. As such, this presentation demonstrates how the objectives of forensic science are met through the balanced practice of anthropological
forensics.

Anthropological Forensics; Holistic Anthropology; Biocultural Data
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A33  To Scavenge or Not to Scavenge: Rethinking Patterns of Scavenging Behaviors in the Western United
States

Cheyenne Collins, MA*, California State University Chico, Chico, CA

Learning Objective: After attending this presentation, attendees will understand how scavenging patterns within the Willamette Valley of Oregon
compares to previous research conducted across the Western United States and how species behavior can vary depending on seasonality, resource
availability, and environmental differences.

Impact Statement: This presentation will impact the forensic science community by increasing the data available on animal scavenging behavior and
its role in the recovery of human remains from the Western United States.

Non-human animal scavengers have been found to play an important role in the decomposition, dispersal, and destruction of human remains in an
outdoor environment.! Forensic taphonomic researchers have noted a gap in the literature regarding how animal behavior influences decomposition
and postmortem modification of human remains.? Understanding the intricacies and patterns of scavenging of various species in regard to human
remains can allow professionals in the medicolegal field to locate and recover dispersed skeletal elements, understand the difference between scavenger
damage and trauma, as well as better inform estimates of the Postmortem Interval (PMI).3 Scavenging activities can vary depending on the region and
climate due to differences in species presence, topography, seasonality, niche specificity, and available food resources. Currently, there are few studies
focusing on animal scavenging and species behavior within the Western United States. Adding novel research to the paucity of literature will provide
forensic investigators more insight to accurately estimate PMI and construct a search structure that takes into account scavenging activity in medicolegal
investigations.

In the current study, game camera data was analyzed from taphonomic projects at the Multidisciplinary Oregon Taphonomy Investigative Studies
(MORTIS) facility in Eugene, OR. Approximately one million game camera images were analyzed, representative of all four seasons of the year.
Porcine proxies were utilized as human analogs and placed in two separate outdoor environments (woodland and open) at the facility over the span of
two years. The remains were distributed across an 80-acre forested parcel of land as well as a separate four-acre disturbed meadow environment.

Observed scavengers included: turkey vultures (Cathartes aura), black bear (Ursus americanus), Virginia opossum (Didelphis virginiana), coyote
(Canis latrans), gray fox (Urocyon cinereoargenteus), striped skunk (Mephitis mephitis), spotted skunk (Spilogale gracilis), unspecified small rodent
species, and various small bird species.

This study found notable differences between animal behaviors previously reported across the Western United States and those exhibited within this
project. This included various species actively choosing not to scavenge carrion despite it being an available and high-quality resource to utilize.
Furthermore, species that are known to disperse remains either did not during the duration of the study or did so further into the postmortem period
than previously reported. The results of this study may be used by medicolegal professionals when constructing search protocols for human remains in
outdoor environmental contexts, as animal species who have previously been recorded to scavenge may not always choose to do so.

References:

1. Pokines, James, Corey Pollock. 2018. The Small Scavenger Guild of Massachusetts. Forensic Anthropology 1 (1): 52-67.

2 Wescott, Daniel J. 2018. Recent Advances in Forensic Anthropology: Decomposition Research. Forensic Sciences Research 3 (4): 278-93.

3 Spradley, M. Katherine, Michelle D. Hamilton, Alberto Giordano. 2012. Spatial Patterning of Vulture Scavenged Human Remains. Forensic
Science International 219 (1-3): 57-63.
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A34  Scavenging in a Wetland Environment: Documentation of Vulture Scavenging of Fully and Partially
Submerged Human Remains

Kelsee Hentschel-Fey, MA*, University of South Florida, Zephyrhills, FL,; Tuesday Frasier, MS, University of South Florida, IFAAS, Tampa, FL; Kara
DiComo, BA, University of South Florida, IFAAS, Loxahatchee, FL; Gennifer Goad, MA, Florida Institute of Forensic Anthropology and Applied
Science at the University of South Florida, Tampa, FL

Learning Objective: After attending this presentation, attendees will better understand the scavenging practices and behaviors of vultures during the
decomposition process in subtropical, wetland environments.

Impact Statement: This presentation will impact the forensic science community by providing photographic and video documentation of vulture
scavenging and manipulation of human remains that are submerged in lentic water. This presentation will add knowledge to an area of minimal research
pertaining to vulture scavenging in wet environments with waterlogged carrion.

The forensic literature frequently examines vulture scavenging of human remains, including its effects on the human decomposition process, scavenging
rates, behaviors, dispersal patterns, and postmortem damage to bone; however, there is little documentation on vulture scavenging of human remains
that are completely submerged in water. This study documents multiple cases of vulture scavenging of human remains that are completely immersed
in fresh water and discusses the behavior of vultures feeding on partially and fully submerged carrion.

The Florida Institute of Forensic Anthropology and Applied Science (IFAAS) at the University of South Florida (USF) accepts human donations for
taphonomic research. Donations are placed at the USF Facility for Outdoor Research and Training (USF-FORT), a 3.5-acre lot that contains both an
open field and wooded section. Due to Central Florida’s humid subtropical climate and a month’s-long rainy season, the wooded lot becomes a wetland
swamp area from summer to winter, resulting in water 20 inches deep or more. From July to October 2019 and in June 2020, ten donors were placed
in the swamp to collect baseline data concerning rates of freshwater decomposition in Central Florida. The first donor was left completely uncaged to
allow for natural scavenger and fluvial activity to take place. In contrast, two subsequent donors were “fenced in”” with mesh netting to contain elements
within a smaller area, while still allowing for avian scavenging. To prevent scavenging on the remaining seven donors, cages and/or tarps with wire
netting were used to cover the donors. Motion-activated game cameras were placed throughout the area. All donors utilized in this study decomposed
in standing water at least temporarily, although there was variation in depth of water and length of time in the water due to natural fluctuations of the
water level in the swamp.

Results show that when human remains were completely uncaged and unfenced, fluvial transport and scavenger activity skeletonized remains within 5
days and dispersed elements up to 27 meters from their original placement. The two fenced donors were skeletonized at an average of 12.5 days from
placement, with disarticulation and dispersion taking place between 5 to 9 days after skeletonization. Both black and turkey vultures were present. In
contrast, caged remains became skeletonized at an average of 181 days post-placement. Vultures scavenged almost all individuals, regardless of their
caged status and placement under water. Most caged individuals had limbs completely submerged with the thorax only partially submerged, yet in
several instances vultures scavenged the submerged hands and feet. In one instance of an uncaged individual, vultures pulled large soft tissue segments
and the lower leg of a fully submerged and disarticulated donor out of the water and onto a dock-like platform to have better access for feeding.

These results demonstrate that in wetland environments, vultures are prominent taphonomic agents. Even in the presence of cages to prevent scavenging,
vultures managed to feed on donors despite the depth of water and mesh netting as deterrents. In cases where remains were open to scavenging, vultures
contributed to dispersal of skeletal elements similar to scavenging in a dry environment. Although previous research notes that turkey and black vultures
prefer forested areas and shrub land for scavenging, discussion of vultures in wetland areas feasting on waterlogged carrion are noticeably absent from
the literature.! Therefore, vultures should not be overlooked as potential taphonomic agents in waterlogged environments.

Reference:
I Pharr L, Leitner M. Identifying Vulture Scavenging Locations Through Global Positioning Systems (GPS), Geographic Information Systems
(GIS), and Remote Sensing. A99. Proceedings of the American Academy of Forensic Sciences, 70" Annual Scientific Meeting, Seattle, WA. 2018.
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A35  Estimating Postmortem Submersion Interval: Implications for Varied Water Conditions and Skin Tones

Ibukunoluwa Olowe, MSc, University of Central Lancahsire, Preston, ENGLAND; Anna Williams, PhD*, University of Central Lancashire,
Preston, ENGLAND

Learning Objective: After attending this presentation, attendees will have an improved knowledge of the effect of water conditions, including
temperature, salinity, hardness, current, and pH, on the process and rate of aquatic decomposition. Attendees will also learn how Decomposition Scoring
Systems (DSS) work and their limitations when applied to a variety or range of skin tones or stages of decomposition.

Impact Statement: This research should have important implications for the accurate estimation of Postmortem Submersion Interval (PMSI) in
forensic cases worldwide. This presentation will impact the forensic science community by improving and validating the current DSS and addressing
the gap in knowledge of the effect of different water conditions on the decomposition process and subsequent PMSI estimation. Currently, PMSI
estimations are based on experience from casework, anecdotal evidence, or experiments using animal analogs as there is no human taphonomy facility
regularly undertaking research on aquatic decomposition. For the first time, data from empirical studies and forensic casework will be brought together
to critically evaluate the existing PMSI estimation methods to determine the applicability of such scoring systems for PMSI estimation in Africa and
elsewhere.

Drowning is a common cause of death; globally, over 200,000 people drown annually. Aquatic decomposition rate and the accuracy of PMSI
estimations are affected by many factors, but these have not been researched thoroughly. The extent of decomposition in bodies recovered from water
is measured using visual DSS, such as the Total Aquatic Decomposition Score (TADS), which is adapted from terrestrial DSS for estimating
Postmortem Interval (PMI) such as the Megyesi et al. Total Body Score (TBS).! The Heaton, van Daalen, and Reh DSS are limited because they have
been developed in countries with temperate climates and predominantly using individuals with pale skin. This study aimed to determine: (1) the effect
of water hardness, salinity, and current on the decomposition rate in animal analogs (mice and pigs); (2) compare the effectiveness of DSS in animal
and human cases for estimating PMSI; and (3) improve the suitability of existing DSS for assessing decomposition changes in individuals with darker
skin tones than individuals used in the existing, commonly used DSS.

To address the first aim, a laboratory study was undertaken, where 330 dead mice were divided into groups with varying water conditions (salinity,
hardness, movement) and left to decompose for 35 days, with their extent of decomposition measured at 7-day intervals. To compare results with larger
analogs, 15 dead pigs were left to decompose in different water conditions for 70 days. The extent of decomposition was measured using adapted
Heaton and van Daalen DSS. To compare the accuracy of these DSS in human cases, the extent of decomposition was also assessed in pictures of
drowning victims from the Netherlands, the United Kingdom, and South Africa.

The results demonstrated that salinity, hardness, and movement levels significantly affected the decomposition rate (p <0.05); decomposition was faster
in fresh water, soft water, and moving water when compared to high-saline water, hard water, and stagnant water, respectively. This study also
demonstrated that there are missing decomposition stages in the DSS descriptions and discoloration changes can be misleading when using these DSS
on dark skin-toned individuals. Therefore, current speed, salinity, and hardness concentrations should be considered when estimating PMSI of bodies
recovered from marine or hardwater environments such as caves. It is also imperative to improve the suitability of these DSS for assessing
decomposition in darker skin-toned individuals. This could be done by adapting the descriptions of the discoloration changes noted in these DSS for
darker skin tones. This would have important implications for the accurate estimation of PMSI in forensic cases worldwide by improving the accuracy
of these DSS when applied to cases with a range of skin tones.

Reference:
I Megyesi MS, Nawrocki SP, Haskell NH. (2005), Using accumulated degree-days to estimate the postmortem interval from
decomposed human remains. Journal of Forensic Science, Vol.50, No.3, pp.19.
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A36  Assessing Patterns of Moisture Content in Decomposing, Desiccated, and Mummified Tissue in the
Southeastern United States

Christine Bailey, MA*, Cleveland Museum of Natural History, Cleveland, OH,; Autumn Lennartz, MA, Humanities Texas, San Marcos, TX; Maggie
Klemm, BS, University of Nebraska, Lincoln, Yorkville, IL; Cameron Privette, BS, Western Carolina University, Cullowhee, NC; Carter Unger, BS,
Texas Tech University, Chapin, SC; Rebecca George, PhD, Western Carolina University, Cullowhee, NC

Learning Objective: After attending this presentation, attendees will understand seasonal patterns of desiccation observed in Western North Carolina
between March 2021 and January 2022 and how these data compare to the findings of previous research conducted in central Texas.!

Impact Statement: This presentation expands on previous research presented at the American Academy of Forensic Sciences (AAFS) 74th Annual
Scientific Meeting and will impact the scientific community by providing regional data of desiccation and mummification observed in an area that is
classified through Koppen-Geiger as a warm-temperate, fully-humid, warm summer (Cfb) region over a 10-month period.>? This study also provides
a direct comparison to the findings of Lennartz and colleagues in central Texas in 2020.!

Accurately estimating Postmortem Interval (PMI) is a difficult task, particularly when remains are desiccated or mummified. While desiccation refers
to the general moisture loss in tissue, mummification is the point at which decomposition and decay are suspended.* Understanding the patterns of
desiccation and mummification in different regions can inform PMI estimates and improve methods used to generate them. The goal of this study is to
observe natural mummification, with particular attention paid to the sequence and rate at which it occurs in the southeastern United States as compared
to those in central Texas.' The data from the first trial of this project were presented at the AAFS 74th Annual Scientific Meeting, while the research
presented here includes the complete project data and analyses.

This project took place at Western Carolina University’s (WCU) Forensic Osteology Research Station (FOREST) between March 2021 and January
2022. Ten donors from WCU’s Body Donation Program were enrolled in this study, which was separated into three trials to capture seasonality. Three
donors were enrolled in Trial 1 (March—July), three in Trial 2 (June—September), and four in Trial 3 (October—January). Prior to placement, enrolled
donors underwent an “intake” procedure where baseline moisture measurements, using the Delmhorst RDM-3™ moisture meter with 22-E electrodes,
and initial overall photos were taken. Twenty data points were collected for each donor daily, excluding weekends and inclement weather days, until
all points were deemed “inaccessible” due to skeletonization. A HOBO® remote weather station recorded hourly rain, temperature, solar radiation, and
relative humidity. The data collected were graphically represented in a scatterplot that utilized Accumulated Degree Days (ADD) as a standardized
time scale. A Locally Weighted Scatterplot Smoothing (LOWESS) curve was added to more accurately capture the curve of moisture loss.

The relative moisture contents of the individuals in this study had marginal R2 values ranging from 0.36391-0.57574, suggesting that 36-58% of the
moisture loss was attributed to the fixed (environmental) effects. Multi-level modeling of these fixed effects on each body region demonstrated that
temperature has the greatest influence over moisture content with a fixed effects coefficient of -5.15497, humidity and precipitation having a less
significant influence on moisture content with coefficients of 0.481891 and 0.11009, respectively. Finally, solar radiation was not found to have a
significant effect on moisture content, with a coefficient of 0.0087.

When the data were broken down by seasonality, differences in rates of moisture loss can be seen graphically and the impact of the environmental
effects vary between seasons, as shown in the respective R2 values: Trial 1 had R2 values ranging from 0.41486-0.62799, Trial 2 from 0.17410—
0.59252, and Trial 3 from 0.42199-0.63166. Results from Trial 2 deviated from Trials 1 and 3, as well as the results from central Texas.! R2 values
for Trial 2 were lower across every body region, indicating that moisture loss is most likely attributed to the increased scavenging rather than
environmental effects. Trials 1 and 3 were most similar to the work of Lennartz and colleagues, in which environmental effects contributed 50-55% of
the variation in moisture content, and temperature was shown to have the greatest impact on moisture content.! The results from Trials 1, 3, and central
Texas suggest a consistency in the pattern of moisture loss and desiccation, regardless of seasonality and geographic region.! Mummification was
documented in central Texas, but not in Western North Carolina, indicating regional differences in the extent of observed moisture loss.

The results of this study show consistent patterns but continue to demonstrate the need for further research into variation in decomposition and regional
development of methods that estimate PMI.

References:

I Lennartz A, Hamilton MD, Weaver R. Moisture Content in Decomposing, Desiccated, and Mummified Human Tissue. Forensic Anthropology
2020; Vol. 3, No. 1: 1-16.
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A37  The Metabolomics-Based Estimation of Postmortem Interval From Bones for Forensic Applications

Andrea Bonicelli, PhD¥*, University of Central Lancashire, Preston, ENGLAND,; Noemi Procopio, PhD, University of Central Lancashire, Chorley,
ENGLAND

Learning Objective: The goal of this presentation is to inform attendees on the application of Liquid Chromatography/Tandem Mass Spectrometry
(LC/MS/MS) metabolomics to bone tissue with the purpose of estimating Postmortem Interval (PMI) in forensic science. This aims to provide an
efficient extraction protocol as well as standardized assay for achieving an ideal metabolomic coverage.

Impact Statement: This presentation will impact the forensic science community by making attendees aware of the great potential that metabolomics
has in forensic science, specifically for the estimation of PMI, not only from soft tissues but also from bones.

The implementation of metabolomics in forensic science has considerably increased in the past few decades. This includes the analysis of low molecular
weight compounds by means of Liquid/Gas Chromatography coupled with Mass Spectrometry (LC/GC/MS) and provides a comprehensive description
of a certain matrix metabolism when the organism is alive. With death and the cessation of the metabolic activity, the metabolome undergoes
modifications that seem to correlate consistently with PMI. Despite that several studies on different matrices have demonstrated the potential of
metabolomics for short-term PMI estimation (a few hours to days), no comprehensive studies have investigated postmortem metabolome modifications
in bone tissues.!> This could potentially allow an extension of the temporal limits of PMI estimation based on low molecular weight compounds.

The present study represents, to our knowledge, the first systematic investigation of the postmortem bone metabolome for PMI estimation. We analyzed
non-treated bone fragments taken from the anterior portion of the tibia of 50 individual (male N=27, female N=23, mean age 64.6+15.6 years) from
two human taphonomy facilities (Forensic Anthropology Center at Texas State [FACTS] and Southeast Texas Applied Forensic Science Facility
[STAFS]) with a PMI ranging between 177 and 3943. Both trabecular and periosteal portions were removed with a lithium-ion drill operated at max.
5,000 RPM to isolate the cortical bone; 50mg of bone powder was processed using consecutive washes of methanol, ethanol, and water. For each step
the material was processed with a beads homogenizer, before drying, reconstituting, and injecting the samples in Hydrophilic Interaction
Chromatography (HILIC) and reverse phase C18 LC columns in positive ionization mode. LC/MS/MS analysis was performed on a high-resolution
quadrupole Time-Of-Flight (qTOF) mass spectrometer and the metabolomic datasets were processed via Progenesis® QI for MS/MS identification and
quantification. Preliminary results on a subsample of four individuals carried out on a pre- and post-decomposition sample showed an excellent
discrimination between fresh and skeletonized samples, as well as for the four PMIs (up to 872 days). Several metabolites (e.g., hypoxanthine,
creatinine, sedanolide) showed consistent trends in their abundances (either positive or negative) with PMI, suggesting they could be valid markers for
PMI estimation. By extending the PMI range in this current study, we expect to confirm the previously identified markers and potentially add new ones
to develop a model for PMI estimation based on small molecules.

References:

I Locci E etal. A 1TH NMR metabolomic approach for the estimation of the time since death using aqueous humour: An animal model. Metabolomics
15, (2019).

2 Pesko BK et al. Postmortomics: The Potential of Untargeted Metabolomics to Highlight Markers for Time Since Death. OMICS: A Journal of
Integrative Biology 24, 649-659 (2020).
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A38 The Impact of Fat Mass on Decomposition Rate and Postmortem Interval Estimation

Emma Giacomello, MA*, Texas State University, Austin, TX; Michelle Hamilton, PhD, Texas State University, San Marcos, TX

Learning Objective: In this presentation, attendees will understand how an individual’s fat mass, represented by Body Mass Index (BMI), affects the
process of decomposition. The accuracy of BMI as an indicator of fat mass and differences in subcutaneous fat deposit locations are examined.
Attendees will also learn about the difficulties surrounding the use of decomposition to estimate the Postmortem Interval (PMI) and how the results of
this research may impact time since death estimations.

Impact Statement: This presentation will impact the forensic science community by advancing knowledge of the effects of obesity on the
decomposition process. Currently, there is no consensus in the research literature about the effect of body mass and fat mass on the rate of human
decomposition, despite substantial human variation in body fat and the growing prevalence of obesity across the globe. As decomposition rate is often
used in forensic contexts to estimate the PMI, it is important to understand how fat mass impacts decomposition rates.

It is unclear how body mass, or fat mass, affects the rate of human decomposition. This study investigates the effect of fat mass on the rate of early to
advanced human decomposition to provide more accurate PMI estimations. The decomposition processes of 16 females and 9 males in different BMI
categories were monitored. The 25 individuals used in this study were part of the Willed Body Donation Program at Texas State University and were
all unautopsied, placed unclothed, supine, and caged at the Forensic Anthropology Research Facility in San Marcos, TX, between 2019 and 2022. The
Accumulated Degree Days (ADD) needed to reach skeletonization of the trunk were compared between the BMI categories and among obese and non-
obese individuals. Additional subcutaneous fat measurements from nine of the donors were collected to determine if BMI is an accurate indicator of
fat mass and if fat deposit locations differ between men and women.

The results indicate that there is not a significant difference in the rate of early to advanced decomposition between individuals in the different BMI
categories, but trends toward significance are observed when the categories are collapsed into obese and non-obese individuals. Additionally, the results
suggest that there may be a difference in decomposition rate during advanced and later stages of decomposition. BMI was found to not be an accurate
predictor of fat mass in obese individuals, and that fat deposit locations do not differ between obese men and women. These findings likely indicate
that once an individual is classified as obese, there is not a significant difference in the amount of subcutaneous fat an individual has or the storage
location of the fat deposits. In sum, the results of this study suggest the need for further analyses into the effect of fat mass throughout the entire
decomposition process.

Decomposition; Body Mass Index; Postmortem Interval
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A39 A Preliminary Investigation of Fractographic Method Accuracy in Determining Fracture Propagation
Direction in Human Tibiae

Christopher Goden, MA*, Injury Biomechanics Research Center, The Ohio State University, Columbus, OH; Amanda Agnew, PhD, Injury
Biomechanics Research Center, The Ohio State University, Columbus, OH; Yun-Seok Kang, PhD, The Ohio State University, Columbus, OH;
Kyra Stull, PhD, University of Nevada, Reno, Reno, NV; Angela Harden, PhD, Injury Biomechanics Research Center, The Ohio State University,
Columbus, OH

Learning Objective: After attending this presentation, attendees will be better informed about the utility of fractographic methods for determining
fracture propagation direction in a sample of diverse fracture types and, more broadly, the importance of multidisciplinary research and experimental
research design in skeletal trauma analysis.

Impact Statement: This presentation will impact the forensic science community by providing a preliminary validation of fractographic methods in
determining direction of fracture propagation utilizing strain gage data collected during experimental bending tests of human tibiae.

Forensic fractography of bone demonstrates utility in the identification, analysis, and interpretation of fracture surface characteristics, specifically to
determine direction of fracture propagation.> However, few studies have validated fractographic interpretations from experimental data collected
during controlled loading scenarios using human skeletal material. Additionally, limited literature has examined the validity of fractographic methods
across different fracture types; therefore, the goal of this study was to validate the determination of fracture propagation direction via fractographic
analysis utilizing strain gage data collected during experimental bending of tibiae.

The sample for this study consisted of 21 unembalmed human tibiae (8 male, 69 years £+ 26.7; 13 female, 72.5 years + 20.3) loaded in a dynamic
bending scenario that resulted in a single fracture per tibia, which is a subsample from a larger on-going research project (N1J 2019-DU-BX-0040).
Prior to testing, two strain gages, one uni-axial and one rectangular rosette, were attached on the medial, lateral, and posterior surfaces of each tibia.
All tibiae were impacted in precisely the same controlled, 4-point bending experiment in a lateral to medial direction at 6m/s. Strain data were collected
throughout the entire event at 100,000hz and were ultimately utilized as the gold standard to determine cortical surface of fracture initiation. Resulting
fractures were classified utilizing the AO/OTA Fracture and Dislocation Classification system and presented as: simple oblique (n=3), intact wedge
(n=6), multifragmentary wedge (n=7), multifragmentary intact segmental (n=2), and multifragmentary segmental (n=3).> Each fracture was
subsequently analyzed by an unbiased observer following the fractographic methods outlined in Christensen et al.? Fracture initiation was determined
by the presence of bone mirror, and termination was identified by the presence of arrest ridges and/or cantilever curl, consistent with previous studies.!»>*
Together, the identification of these variables resulted in the fractographic determination of fracture propagation direction.

Direction of fracture propagation from fractography was identified in 16 of 21 tibiae (76%) (simple oblique [#=2], wedge intact [n=6], wedge
fragmentary [#n=6], multifragmentary intact segmental [n=1], and multifragmentary segmental [n=1]). Five tibiae (24%, simple oblique [#n=1], wedge
fragmentary [#n=1], multifragmentary intact segmental [n=1], and multifragmentary segmental [#=2]) did not exhibit the fractographic features (e.g.,
bone mirror) necessary to determine propagation direction. Fracture propagation direction was determined as either posteromedial initiation with lateral
termination (n=13) or medial initiation with lateral termination (n=3). Fractographic assessment of direction of fracture propagation was found to be
accurate in 56% (9/16) of the sample when compared to the strain gage data. The nine tibiae with consistent fracture propagation directions between
methods demonstrated the following fracture types: simple oblique (n=1), wedge intact (n=3), wedge fragmentary (n=4), multifragmentary intact
segmental (n=1). Overall, determination of fracture propagation direction between fractographic and strain gage data were more consistent in simple
and wedge fracture types rather than more complex multifragmentary fracture types.

These preliminary findings suggest that current fractography methods are generally more applicable for less complex fracture types but may not be as
conclusive when examining multifragmentary fracture patterns. Future work will continue to investigate the accuracy of fractography in determining
direction of fracture propagation in a larger sample size with increased variation in fracture types, groups, and number of fractures.
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A40  An Examination of Strain Mode at Fracture in Experimentally Loaded Human Tibiae

Angela Harden, PhD*, Injury Biomechanics Research Center, The Ohio State University, Columbus, OH; Yun-Seok Kang, PhD, Injury Biomechanics
Research Center, The Ohio State University, Columbus, OH, John Bolte, PhD, Injury Biomechanics Research Center, The Ohio State University,
Columbus, OH; Kyra Stull, PhD, University of Nevada, Reno, Reno, NV; Amanda Agnew, PhD, Injury Biomechanics Research Center, The Ohio State
University, Columbus, OH

Learning Objective: After attending this presentation, attendees will understand the importance and value of multidisciplinary experimental skeletal
trauma research through an examination of strain modes (e.g., tension or compression) during fracture of human tibiae in a bending loading mechanism.

Impact Statement: This presentation will impact the forensic science community by providing large-scale experimental human bone biomechanics
data to validate current assumptions regarding strain modes during fracture.

Generalizations regarding the response of human bone prevail across scientific fields without validation from large-scale experimental trauma data. It
is consistently stated that fractures initiate in tension, but previous research has shown that human ribs do not always demonstrate initial failure in
tension in bending events.' In contrast to experimental rib research, research into the strain modes of other long bones in bending has not been
investigated. Tibiae are commonly injured in bending scenarios and are therefore a long bone of interest to validate strain mode assumptions. The
objective of this study was to determine cortex-specific strain modes at fracture initiation and specifically if the bone failed first in tension or
compression, in experimentally loaded human tibiae.

Fifty-four human tibiae were experimentally loaded at 6m/s in a lateral-medial direction in a 4-point bending scenario. Prior to loading, all tibiae were
aligned and potted at the 20% and 80% sites using an anatomical coordinate system to ensure consistent orientation across tests. Two strain gages, one
uni-axial and one rectangular rosette, were affixed on each tibial surface (i.e., medial, lateral, and posterior) at 45% and 55% of the total length,
respectively. For this study, data analysis was limited to the gages measuring along the long axis of each surface (i.e., all uni-axial gages and one of
the three gages per rosette). Strain mode (i.e., tension or compression) was documented using microstrain polarity (+ or -) for each gauge at initiation
of failure. Failure was determined following the methods of Agnew et al. as a rapid change in microstrain, and the gauge that showed this behavior
earliest in time was then used to determine fracture initiation surface.?

At the time of fracture initiation, the global behavior of all 54 tibiae was as expected, where tibiae demonstrated compression on the lateral surface and
tension on the medial surface. Interestingly, the posterior surface demonstrated variation with strain modes of tension (52%), compression (46%), with
2% (n=1) unable to be determined because of broken gages. Likely this variation in strain mode is because of morphological differences in the sample.
The strain mode in which fractures initiated was more consistent throughout the sample with fractures most commonly initiating in tension (93%),
followed by mixed mode (simultaneously in tension and compression) (13%), and lastly in compression (4%). While these data overall support
commonly held generalizations regarding failure, the variation in strain modes on the posterior surface and in fracture initiation should be further
explored in greater depth to identify predictors for deviations from the expected. Evaluating the posterior surface of a tibia loaded in bending or
assuming that fractures unequivocally initiate in tension could result in misinterpretations of fracture characteristics or the traumatic event. Future work
will consist of calculating principal strains and evaluating gross and microscopic morphological variation to allow for further understanding of human
tibia behavior during a bending scenario.
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A41  An Evaluation of Blunt Force Trauma Mechanism Interpretations Inferred From Skeletal Fracture
Morphology and Patterning

Donna Boyd, PhD*, Radford University, Radford, VA; Victoria Pate, Radford University, Winchester, VA

Learning Objective: The goal of this study is to evaluate Blunt Force Trauma (BFT) mechanism interpretations derived from skeletal
fractures. Fractures derived from a sample of trauma cases with known BFT trauma etiology are used to test a series of hypothesis
relating BFT mechanism with skeletal fracture morphology and patterning.

Impact Statement: This study will impact the forensic science (including forensic anthropology) community by providing knowledge
of the accuracy and error associated with skeletal fracture-based inferences of BFT trauma mechanisms. This will ultimately allow
greater standardization of trauma methodology and enable forensic practitioners to provide more objective and precise trauma
assessments that meet Daubert requirements for admission of trauma testimony.

Forensic anthropologists are increasingly asked to assess BFT in a medicolegal setting. In this regard, it is important to distinguish
between trauma description (reporting of location, dimensions, and other features of skeletal defects) and interpretation. BFT
interpretations are explanations focused commonly on identification or confirmation of trauma mechanisms—the external factors (e.g.,
behavioral and biomechanical) that produce a skeletal defect. Abductive inferences derived from descriptions of skeletal fracture and
its patterning (if present) inform medical examiner or coroner attestations of manner and cause of death in the absence of known
circumstances of trauma etiology; however, the accuracy of such inferences has not been established. This research seeks to review and
validate associations of BFT fracture patterning with the behavioral and biomechanical mechanisms that produced it.

In this study, major BFT mechanisms were identified through a systematic review of over 300 published BFT-themed skeletal trauma
references. Mechanisms were categorized into groups of related behavioral and biomechanical etiologies such as falls (from lesser vs.
greater heights), beatings (with or without use of external objects), impacts (low vs. higher energy), hangings and strangulations, and
torture. For each major trauma mechanism category, a set of skeletal fracture “signatures” was identified, and a series of hypotheses and
testable fracture predictions developed. A sample of BFT cases from the Radford University Forensic Science Institute (RUFSI) with
known fracture mechanisms was used to test these hypotheses for each major mechanism. The sample of 101 BFT cases consisted of 60
males and 41 females, ranging in age from 1 month to 92 years. Both acute (perimortem) and antemortem fractures were tabulated from
these cases in terms of number of fractures observed, type, location, repetition, healing, and degree of refit. These data were then
compared to predictions derived from hypotheses for each mechanism.

Results indicate significant specificity (and high predictive value) of fracture number and location with BFT mechanisms involving
higher energy events (such as motor vehicle and aircraft impacts). Also highly correlated were non-accidental domestic (including
pediatric and elderly) injuries with fracture location and repetition. In addition, hangings and strangulations were significantly correlated
with hyoid, mandibular, or associated cartilaginous fractures in the throat. Absence of fracture specificity (and, consequently, weak
predictive value) for trauma mechanisms was correlated with complicating variables, including age of decedent, completeness and
integrity of sample, and complexity of behavioral events; some fatal events involved several related BFT forces (e.g., a vehicular accident
followed by a fall), which complicated their interpretation.

These results are discussed in terms of biomechanical aspects of fracture initiation and propagation and the variability in this process
across low energy versus higher energy environments. It is recommended that BFT trauma interpretations of behavioral mechanism,
and ultimately, assessments of manner of death from fracture patterning descriptions be made with caution. Construction of trauma
datasets with known etiologies, as in this study, allows for testing of hypotheses derived from trauma mechanism inferences and
estimation of error associated with their use in Daubert and other court testimony. It also promotes standardized, replicable, and validated
trauma methodology leading to a more objective skeletal trauma analysis.

Forensic Anthropology; Blunt Force Trauma; Skeletal Fracture
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A42  The Application of Forensic Fractography to High-Velocity Projectile Trauma in Long Bones:
Relationships to Velocity and Caliber

Devin Adcox, BS*, California State University Chico, Chico, CA; Ashley Kendell, PhD, California State University Chico, Chico, CA; Eric Bartelink, PhD,
California State University, Chico, Chico, CA; Hugh Berryman, PhD, The Forensic Institute for Research and Education, Murfreesboro, TN

Learning Objective: After attending this presentation, attendees will understand how fractographic features can be used to interpret gunshot wounds
to long bones and how entrance beveling relates to velocity and caliber.

Impact Statement: This presentation will impact the forensic science community by providing a novel method for understanding gunshot trauma to
long bones. Attendees will gain a better understanding of the mechanisms involved during high-velocity fractures to long bones and how fractography
can be utilized to understand projectile injuries to long bones. With the rising number of gunshot-related deaths in the United States each year, this
research should prove invaluable to forensic anthropology and medicolegal communities.

It has been demonstrated that higher velocities will result in decreased bevel angle in plate glass, and fractographic features have long been established
for various materials such as steel, ceramic, and glass.!? The same fractographic features found in other materials are predicted to also be present in
bone fractured by modern ammunition. In addition, the bevel angle is predicted to decrease with higher velocities.

Fractures to long bones produced by high-velocity impacts are an understudied area in forensic anthropology. This study aims to provide further insight
on gunshot fracture patterns in long bones for the medicolegal community. Previous studies investigating high-velocity projectile fractures often focus
on the degree of comminution present; however, there have been very few systematic studies investigating these fracture patterns.? Fractography offers
an ideal method for exploring these fractures because it provides a methodology that is systematic and can be correlated to certain stresses such as
tension and compression.* This work expands on previous scholarship that investigated the presence of fractographic features in long bones fractured
by projectile impacts incurred during the United States Civil War.* The current project investigates high-velocity fracture patterns to long bones in a
controlled setting. Nine deer limbs, serving as human proxies, were impacted from 15 feet away using two different caliber weapons, a .22 and a .30
caliber with muzzle velocities of 1,070ft/sec and 2,000, ft/sec, respectively. The limbs were then macerated using an incubator. The fragments from
each limb were then reconstructed to orient the fracture surfaces. Then each surface was analyzed macroscopically and microscopically using oblique
lighting, and the features were recorded for each surface. These consisted of six of the seven features outlined in Christensen et al., which are as follows:
bone mirror, bone hackle, Wallner lines, wake features, arrest ridges, and cantilever curl in addition to mist.>

The data indicate that multiple features form a consistent pattern together across each fracture surface, and there appears to be a relationship between
the location of bone hackle and velocity. Arrest ridges and cantilever curl often formed on the superior and inferior fracture surfaces, while bone hackle
tends to form on the inferior and superior surfaces of lower velocity impacts and on the medial and lateral surfaces of higher velocity impacts. For
example, bone hackle was observed 46% on the superior surface and 22% on the inferior surfaces for the .22 caliber, while it was only observed 11%
on the superior surface and 20% on the inferior surfaces for the .30 caliber impacts. Wallner lines also appeared to follow this pattern; however, these
were infrequently observed. Also, bone mirror and wake features were not observed frequently enough to make any statements regarding overall
orientation of these features on the fracture surface.

Bevel formation did not show a pattern between the different velocities. There was considerable overlap between the two calibers, with the angles
varying between 60 and 70 degrees. This suggests that bevel angle may not be reliable for differentiating between velocities. This study will be expanded
to provide a more robust evaluation of these fractography features and their utility for reconstructing gunshot wounds in long bones.
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A43  The Microscopic Characteristics of Peri- and Postmortem Fracture Surfaces

Jessica Skinner, PhD*, Mayo Clinic Foundation, Scottsdale, AZ; Natalie Langley, PhD, Mayo Clinic, Scottsdale, AZ; Yuktha Shanavas, BS, Mayo
Clinic, Scottsdale, AZ; Brian Waletzki, BS, Mayo Clinic, Rochester, MN,; Robert Brown, BS, Mayo Clinic, Rochester, MN; Jim Herrick, MS, Mayo
Clinic, Rochester, MN; Peter Goguen , Arizona State University, Peoria, AZ; Loukham Shyamsunder, PhD, Arizona State University, Cherry Hill, NJ;
Subramaniam Rajan, PhD, Arizona State University, Tempe, AZ

Learning Objective: After attending this presentation, attendees will understand the effect of decreased bone elasticity on the microscopic appearance
of fracture surfaces.

Impact Statement: This presentation will impact the forensic science community by demonstrating the utility of examining microscopic fracture
characteristics to elucidate fracture timing.

Differentiating perimortem and postmortem injuries is essential to determining cause and manner of death. Though straightforward when soft tissue is
present, these determinations are more challenging with skeletonized remains. Bone retains elasticity well into the postmortem interval, limiting the
use of macroscopic analysis to distinguish perimortem injuries from postmortem damage.! Similarly, our preliminary research on the fractographic
approach described by Christensen et al. found that fractographic features persist into the postmortem interval up to 40,000 Accumulated Degree Hours
(ADH) and cannot be used to determine fracture timing.” This study uses Scanning Electron Microscopy (SEM) to assess microscopic surface
characteristics of experimentally induced fractures in human bone at various postmortem intervals. We hypothesize that microscopic fracture
characteristics, including delamination, osteon pullout, and microfractures, may differ as bone elasticity decreases, elucidating perimortem and
postmortem events more reliably than macroscopic analyses.

Thirty-seven unembalmed, defleshed human femoral shafts from males and females aged 33 to 81 years were included in this study (periosteum intact).
Eight femora were used as the perimortem sample and 29 femora were placed in a ThermoFisher™ Heratherm™ gravity convection oven at 25°C-35°C
to simulate postmortem intervals ranging from 1,000-40,000 ADH. A data logger was used to monitor and record temperature and humidity. Bones
were weighed before and after removal from the oven to estimate water loss, and a 1cm sample was cut from each shaft for histochemical analysis of
collagen. Next, the shafts were fractured with a Columbus McKinnon (CM) Drop Test Frame using three-point bending and drop height of 100-275mm.
Fracture tests were recorded with a high-speed camera, and Digital Image Correlation (DIC) was used to calculate stress and strain across the bony
geometry, as well as displacement and location of failure.

Fractographic features were documented for each fracture surface, and DIC film was used to verify tension and compression zones. Next, SEM
micrographs were collected from the primary tension and compression zones of each fracture, as well as from various fractographic surface features
(e.g., hackle, mirror, cantilever curl, arrest ridges). A region of interest was defined within the center of the primary tension and compression zones,
and three microscopic fracture characteristics were scored: percentage of delaminated osteons, percent osteon pullout, and number of microfractures.
Multiple linear regression analysis was conducted to examine if the microscopic variables inform fracture timing. Additionally, Pearson’s correlation
tests were run to assess the relationship between each variable and ADH.

The multiple regression model accounts for a significant amount of the variation in ADH, F (3, 52) = 150.7, adjusted R2 = 0.89, p <.001. These results
suggest fracture surface morphology varies significantly as ADH increases. The effect size is 0.49 (80% power, alpha=0.05), so a medium effect would
be detected with this sample size. Pearson’s correlation tests indicated a strong negative correlation between increased ADH and osteon pullout (R = -
0.91, p=< 0.05), suggesting this characteristic is associated with perimortem fractures. Delamination and microfractures exhibited strong positive
correlations with increasing ADH (R = 0.91 and 0.85, respectively, p=< 0.05), indicating their higher prevalence in postmortem insults to the bone.
Statistically significant relationships also existed between the three characteristics and water loss.

The hypothesis was accepted, suggesting microscopic fracture surface characteristics visible on SEM may predict fracture timing more reliably than
macroscopic features. Our results show that postmortem water and collagen loss affect elasticity considerably. Microscopic analysis of fracture surfaces
is more sensitive to detecting evidence of decreased elasticity than macroscopic analysis. However, pathological conditions (osteoporosis, cancer) and
demographic characteristics (age, sex) may affect elasticity and, consequently, microscopic fracture characteristics. These factors should be documented
and factored into forensic analyses and reports.
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A44  Distinguishing Between Peri- and Postmortem Fractures to Bone in the Sonoran Desert

Marlen Juarez Lopez, BS*, Arizona State University, Phoenix, AZ; Kaitlyn Fulp, MA, Arizona State University, Scottsdale, AZ; Katelyn Bolhofner, PhD,
Arizona State University, Glendale, AZ

Learning Objective: After attending this presentation, attendees will better understand the characteristics used to distinguish perimortem and
postmortem trauma and the timing associated with the transition between these states in a desert environment.

Impact Statement: This presentation represents a critical initial step in systematically describing the transformation of fracture characteristics in bone
from the perimortem to the postmortem period in the Sonoran Desert. The results demonstrate that these changes can be identified along a continuum,
uniquely accelerated by this dry, arid environment in comparison to published timelines for other regions across the United States.

Estimating the timing of injury to the skeletal system, particularly as represented by fractures, is a key contribution of forensic anthropology to the
medicolegal system. While variables such as the stage of healing or the type or location of the fracture aid in this endeavor, in many instances
distinguishing between peri- and postmortem occurrence is difficult given the ability of bone to remain “wet” for a varied period beyond the individual’s
time of death. Investigators often rely on the examination of fracture characteristics, namely color variation, fracture morphology, and microscopic
characteristics, to differentiate between peri- and postmortem breakage. Previous research has shown that fractures occurring closer to the time of death
exhibit smooth fracture surfaces with visible acute or obtuse angles and “V-" or “C”-shaped outlines. Fractures that occurred after a longer postmortem
interval displayed jagged fracture surfaces, right angles, and intermediate to transverse fracture outlines; however, many factors influence the timing
and manifestation of these varied characteristics in bone.! While the timing of the transition from peri- to postmortem characteristics has been
experimentally generated for a number of geographic regions, there is currently no systematic description of this transition for a desert environment.
Here, we present experimental data derived from a desert environment for the purpose of better understanding those characteristics associated with
peri- vs. postmortem fracture to bone.

The Sonoran Desert, which covers a large portion of the southwestern United States and northern Mexico, is a unique environment with extreme
fluctuations in temperature and humidity. These conditions can produce rapid decomposition, unique taphonomic changes, and challenges in estimating
the timing and mechanism of fractures observed in exposed remains.? To better understand the effects of this environment on fracture characteristics
in bone, we utilized a controlled drop apparatus to fracture 26 leg bones from porcine models (sus scrofa domesticus) exposed to a natural desert
environment, over regular intervals for 12 weeks. Specimens were placed in a fenced environment and temperature and humidity were logged at hourly
intervals. A drop apparatus was constructed based on the specifications described in published research to fracture the bones consistently with a dynamic
force 0f 19,876.56 kg/m”2. Two bones were fractured as a control (week 0), while the remainder were fractured in pairs at weekly intervals. Photographs
were taken prior to and post-fracturing, and videos were taken of the fracture process. Fracture angle, outline, and surface texture were recorded.

The results reveal a transition to postmortem characteristics as much as one month sooner in this environment than in other milder regions. This study
was conducted in the fall/winter months in the Sonoran Desert, when temperatures ranged from 31°F to 97°F and humidity ranged from 13% to 87%.
Bones fractured on weeks 1-3 displayed solely perimortem characteristics: smooth fracture surface texture, acute/obtuse angles, and C-shaped fracture
outlines. By week 4, postmortem fracture characteristics were noted, specifically the presence of right angles, but other perimortem characteristics
persisted. By week 8, postmortem characteristics were more evident than perimortem, with right angles, transverse outlines, and rough fracture surfaces
present. On the final and 12th week, bones fractured displayed predominantly right angles, transverse outlines, and rough fracture surfaces. The
timelines produced by studies conducted in more mild climates cannot account for the patterning seen here, thus these models may be inappropriate
for use in interpreting peri- and postmortem fracture timing in a desert environment."3# This extreme climate alters taphonomic interpretations and
conclusions, and further research into the full scope of the implications of this difference in the timing of fracture characteristics is necessary.
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A45  The Thermal Damage Analysis Resulting From a Controlled Burn

Rebecca George, PhD*, Western Carolina University, Cullowhee, NC; Nicholas Passalacqua, PhD, Western Carolina University, Cullowhee, NC;
Darren Solomon, MS, Bureau of Alcohol, Tobacco, Firearms and Explosives, Monroe, NC; David Schauble, MS, Bureau of Alcohol, Tobacco, Firearms
and Explosives, Mebane, NC

Learning Objective: After attending this presentation, attendees will better understand skeletal thermal patterns resulting from a controlled fire as part
of a continuing education course at Western Carolina University (WCU).

Impact Statement: This presentation will impact the forensic science community by providing patterns of thermal damage and a greater understanding
of the pugilistic pose based on a controlled burn using a willed body donor’s remains.

In Spring 2021, forensic anthropology faculty, staff, and students led a continuing education course for public safety officials in conjunction with
Certified Fire Investigators from the Bureau of Alcohol, Tobacco, Firearms, and Explosives (ATF). As part of this course, a willed body donor to the
WCU Body Donation Program was clothed and placed inside a constructed flashover cell at WCU’s Forensic Osteology Research Station (FOREST).
The individual was subjected to a fire of upwards of 1,400 degrees Celsius for seven minutes. Following a two-day cooling period, they were moved
from the burn cell to the surface enclosure of FOREST to decompose. A cage was later placed on the donor to limit scavenging from vultures and
opossums. The burn process was recorded from multiple angles, permitting a unique opportunity to view the effects of heat flux impact on the human
body during the evolution of a compartment fire. This presentation outlines the body’s movement into the pugilistic pose and how evidence of the burn
process can be observed on the donor’s skeletonized remains, helping to inform what thermal patterns can be anticipated on human remains in fires
with similar conditions.

On the day of the controlled burn, a small fire was ignited in the southwest corner of the three-walled flashover cell in a trash can containing paper
materials to represent a fire started by a cigarette. The fire quickly spread up the walls of the room and migrated to other furnishings until the room
reached flashover, or when all remaining combustible materials simultaneously ignite. Soon after flashover, the fire was extinguished by the local fire
department so the structure would not become too damaged to safely enter.

The donor started moving through the stages of burning as defined by Pope and colleagues within two-and-one-half minutes after the fire started; the
left hand moved up and away from the body, followed by the head shifting toward the fire, then arching at the neck.! Within 30 seconds of these
movements, the feet angled proximally. The right hand then moved up and away from the body, with all these movements occurring within a one-
minute window.

The donor was recovered from FOREST in November 2021. Most of the thermal damage to the skeleton was concentrated on the skull and limbs. The
anterior maxillary dentition was burned to the cervicoenamel junction. The cranium had thermal damage to the nasal, frontal, zygomatic, maxillae, and
parietal bones; both sides of the mandibular body also had damage. The clavicles had thermal damage to the anterior aspect, with the left being more
damaged than the right. Both radii had thermal damage to the inferior aspect of the posterior surface of the bones; the left ulna also had damage to the
inferior aspect of the posterior surface. Thermal damage on the left hand extended to the carpals, while only extending to the metacarpals on the right
hand; animal scavenging likely led to incomplete recovery of both hands. Both tibiae had thermal damage along the inferior aspect of the anterior
surface of the bones. The pedal phalanges were mostly burned away, with thermal damage extended to the tarsals on both feet. All damage was
consistent with a normal burn pattern.?

The course is offered annually at WCU for law enforcement and fire professionals, with the 2022 donor currently decomposing at the FOREST. This
collaboration between WCU and the ATF permits generation of a unique thermal damage collection created from willed body skeletal remains burned
under various controlled conditions. This collection has great potential to create a greater understanding of how human bodies burn under various
conditions.
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A46  Reference Materials for Stable Isotope Analysis of Bone: Current Availability and Needs

Julianne Sarancha, MS*, Arizona State University, Tempe, AZ; Gwyneth Gordon, PhD, Arizona State University, Tempe, AZ

Learning Objective: After attending this presentation, attendees will have learned the current availability of Reference Materials (RMs) for research
and casework. Attendees will also know how they can implement matrix-matched standards in their own research or casework to improve the reliability
of the analyses.

Impact Statement: This presentation will impact the forensic science community by discussing reference materials for Quality Control (QC) measures
in stable isotope analysis of bone. By discussing current availability and needs in the field, researchers can ensure they are practicing the highest level
of quality control currently achievable. This presentation will also open a dialog to consider what reference materials could be developed and
implemented to meet the needs of the field.

The reliability of stable isotope analysis heavily depends on the availability and use of RMs and Certified Reference Materials (CRMs) to provide QC
measures for analyses. In addition to CRMs and RMs, laboratories also rely on in-house standards. In-house standards are typically easily amassed in
large quantities, may be a better matrix-match to common samples in a particular laboratory, and are validated against a CRM or RM. In-house standards
provide a cost-effective standard while preserving limited CRMs and RMs. External researchers using centralized analytical facilities commonly cede
QC measures to the analytical facility without ensuring QC has been optimized for analysis of a specific material. Without proper QC, stable isotope
analysis of bone may provide inaccurate geographic and dietary inferences.

For confidence in the accuracy and precision of data, at a minimum, analyses should utilize normalizing standards, linearity standards, check standards,
and matrix-matched standards. Matrix-matched standards can undergo sample preparation in-line with samples, a frequently neglected QC. Isotope
analysis of bone in forensic contexts include § *C and § '*O analysis of carbonate, § *C and 6 *N analysis of collagen, and #’Sr/*Sr analysis of whole
bone. Some currently available RMs relevant to isotopic analysis of bone are USGS-88 (marine collagen from wild-caught fish), USGS-89 (porcine
collagen), NIST-1400 (Bone Ash), and NIST-1486 (Bone Meal). However, there are critical gaps in available RMs.

For § *C and § 'O of carbonate, there are currently no matrix-matched bone RMs, so geologic analytical standards such as marble are used. USGS-
88 and USGS-89 are two collagen supplement RMs often used for § *C and & *N analysis of bone collagen. While these RMs are useful as analytical
standards (i.e., monitoring instrumentation performance), they cannot undergo the sample preparation process since they are powdered and already
isolated from the mineral matrix. There are currently no RMs for processing alongside samples to validate protocol precision and accuracy for collagen.
For #Sr/*Sr analysis, NIST-1400 and NIST-1486 are CRMs used as in-line standards; however, both CRMs have Ca/Sr that differ from human bone,
making them less optimal standards for validating sample preparation methods. Additionally, NIST-1400 has been ashed, and NIST-1486 has been
steamed, so organics are degraded in both.

Standards to monitor instrumental performance need improvement. However, there is an urgent and critical lack of matrix-matched standards that can
undergo sample preparation. Preparing matrix-matched RMs in-line with samples allows researchers to integrate QC independent of the analytical
facility and can also serve to validate a method as fit-for-purpose. To address this challenge, our laboratory sought a potential standard that would
provide a substantial amount of solid bone with known geographic origin to be processed and measured to monitor external reproducibility of isotopic
analysis. Rib bones from a two-year-old locally raised grass-fed beef steer (“Elton”) were obtained. The rib bones were sectioned into subsamples and
characterized as standards that are now used routinely as reference materials for analyses requiring a chunk or powdered bone starting material. A
second standard of human cremains (“JWS”) addresses other limitations of the bovine RMs and CRMs. These cremains are powdered ash and are used
as a reference material for strontium analyses. Although other labs implement similar sample preparation standards that increase the QC of the analyses,
the field lacks suitable in-line standards to validate methods between laboratories.

Stable Isotope Analysis of Bone; Quality Control; Reference Material
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A47  W.E.LR.D. Water: Rethinking the Bias in Our Forensic Isotopic Provenancing Methods

Taylor Lambrigger, MA*, California State University, Chico, Gilbert, AZ

Learning Objective: After atttending this presentation, attendees will have a better understanding of the bias present in existing models relating the
oxygen isotopes in human hair to drinking water, and how these biases impact forensic provenancing efforts in global humanitarian crises, like the
United States-Mexico border.

Impact Statement: The application of stable oxygen isotopes to aid in forensic provenancing efforts for international migrant crises has increased in
recent years. However, recent evidence indicates that assumptions relating to oxygen isotope fractionation and drinking water access strongly influence
region of origin predictions. This presentation will impact the forensic science community by urging attendees to critically evaluate the methods being
used internationally, and to address what may be inherent Western biases in our methods.

Forensic applications of stable isotope analysis have grown increasingly common in recent years. A set of biogeochemical methods, stable isotope
ratios in human tissues reflect isotopic composition of the food and water consumed by an individual. Oxygen isotopes in particular represent imbibed
water, and because drinking water is geographically patterned, oxygen can elucidate an individual’s region of origin. These methodological
developments have largely occurred over the past two decades in the United States and areas of Europe, though recent applications of the method span
the globe.

The interpretation of region of origin is predicated upon practitioner’s understanding of the relationship between the & '*O, or oxygen isotopic value,
of hair to § '®O in water. The first fractionation model was proposed by Ehleringer and colleagues in 2008 and was derived from a modern United
States population.' The model first assumes that the § '*0 of food ingested by an individual is constant because of the “continental supermarket diet”
present in the United States; however, this concept is highly specific to the United States and other Western industrialized nations. Researchers found
that rather than a homogenous continental diet, locally derived diets fit the reality better and, as such, created a local food parameter (1) instead of a
constant, allowing this parameter to be tuned to the population being studied.> There is, however, a second assumption made in the model: that tap
water is isotopically representative of drinking water. Many studies have upheld this assumption, but most were done in the United States and few, if
any, were done in Mexico, leaving a gap in the literature.

The development of these methods in the United States and parts of Europe must be addressed. Emerging out of the psychology literature, the acronym
WEIRD (Western, Educated, Industrialized, Rich, and Democratic), was introduced as a critique of psychological research focusing their sample
populations in these WEIRD societies.> Other research into water has developed a similar framework: Modern Water.* It is argued that when water is
viewed as “modern,” it simultaneously becomes associated with uniformity and universality.* This study argues that oxygen isotope analyses have
developed within this WEIRD, modern water framework: the idea that tap water is universally available and accessed, and thus synonymous with
drinking water, is a core assumption in interpretations and applications of the oxygen isotopic method.

This is particularly relevant for forensic practitioners involved in international migrant crises as the literature suggests that the factors that contribute
to the structural violence influencing migrants to leave are often also tied to the water insecurity those migrants experience. Previous studies have found
that structural vulnerabilities are skeletally embodied, and thus these migrants may also have isotopically embodied the structural vulnerabilities they
are fleeing as well.

In recent work done in Oaxaca, Mexico, these assumptions were seen to influence region of origin predictions. Hair samples from locations throughout
Oaxaca were put through four iterations of Ehleringer’s model, each with different (1) parameters. The predicted drinking water from each model
iteration was then compared to measured tap and bottled water from the same locations. Comparing predicted drinking water with measured tap water
neared significance much more than those comparisons with measured bottled water. This is expected, as the leading methodology up to this point is
to sample tap water; however, previous data has shown that drinking water is not isotopically defined by tap water in Oaxaca, suggesting that the
WEIRD water assumptions in existing fractionation models are deficient. Because these models do not tune any parameters related to consumed water
source, they fall short in their ability to accurately predict water, and consequently region-of-origin.

References:

1. Ehleringer, JR, Bowen, GJ, Chesson, LA, West, AG, Podlesak, DW, Cerling, TE. Hydrogen and oxygen isotope ratios in human hair are related
to geography. Proceedings of the National Academy of Sciences. 2008;105(8):2788-93.

Bowen, GJ, Ehleringer, JR, Chesson, LA, Thompson, AH, Podlesak, DW, Cerling, TE. Dietary and physiological controls on the hydrogen and
oxygen isotope ratios of hair from mid-20th century indigenous populations. American Journal of Physical Anthropology. 2009;139(4):494-504.
Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behavioral and brain sciences. 2010;33(2-3):61-83.

Linton J. What is water?: The history of a modern abstraction. UBC press; 2010.
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A48  The Construction of a Bioavailable Strontium Isoscape for South Korea and its Forensic Application

Seongshin Gwak, PhD*, National Forensic Service, Wonju, Kangwon-do, SOUTH KOREA, Byeongyeol Song, PhD, National Forensic Service, Wonju,
Kangwon-do, SOUTH KOREA; Yuran Lee, PhD, National Forensic Service, Wonju-si, Kangwon-do, SOUTH KOREA; Dongkye Lee, PhD, National
Forensic Service, Wonju-si, Kangwon-do, SOUTH KORFEA; Jisook Min, PhD, National Forensic Service, Wonju, Kangwon-do, SOUTH KOREA; Nam-
Kyu Park, PhD, National Forensic Service, Wonju-si, Kangwon-do, SOUTH KOREA

Learning Objective: After attending this presentation, attendees understand the importance of strontium isotope analysis in forensic provenance and
a bioavailable strontium isotope ratio map (isoscape).

Impact Statement: This presentation will impact the forensic science community by discussing the process of a strontium isoscape for South Korea
and how strontium isotope analysis can apply for forensic provenance.

Strontium isotope analysis has been widely applied for tracing human migrations and provenance in the field of archaeology, ecology, and forensic
science. As one of the alkaline earth metals existing in rocks, strontium (Sr) has four naturally occurring stable isotopes: 34Sr, *Sr, #Sr, and *8Sr. The
radioactive B-decay of rubidium-87(87Rb) produces radiogenic *’Sr with a half-life of 48.8 x 109 years. Bedrocks of different ages and Rb/Sr ratios
have variable Sr isotope ratios (*’Sr/*¢Sr) that can be transferred to a human body through food intake, including groundwater and local food products.
It is expected that #’St/*Sr of a human body will correlate with environmental samples (groundwater, soil, rocks, plants, etc.) in a specific region. To
obtain useful geographical information on specimens, a reference Sr isotope ratio map (isoscape) in the region of interest is required.

This study focused on the construction of a bioavailable Sr isoscape using human tooth (molar) enamel considering environmental contribution. A total
of 156 dental samples were collected from individuals with necessary information, including a place of birth and address depending on age
classifications. Each dental sample was then prepared for Sr quantification after a series of multiple steps for cleaning, grinding, and acid digestion.
The quantification of Sr concentration and measurement of #’Sr/*Sr were performed using Inductively Coupled Plasma/Mass Spectrometry (ICP/MS,
8800 Triple Quad, Agilent® Technologies) and Multi-Collector-Inductively Coupled Plasma/Mass Spectrometry (MC-ICP/MS, Sapphire, Nu®
Instruments), respectively. Due to a limited number of dental samples, obtained data for #’Sr/*Sr of dental samples were interpolated by Inversed
Distance Weighting (IDW), kriging, and spline (RBF-ST) methods using a coordinate-based Geographic Information System (GIS). To evaluate the
prediction accuracy, the dataset (n=156) was randomly divided into the training (80%) and test set (20%). RBF-ST (12=0.46), which has relatively
higher prediction accuracy than IDW (r2= 0.36) and kriging (12=0.40), was selected as the optimal interpolation model in this Sr isoscape. The
environmental contribution was also considered by comparing the spatial correlation between tooth #Sr/*Sr and previously obtained environmental
samples (soils, groundwater, and hairs). The results showed that the #’Sr/*¢Sr of the tooth (molar) has a higher correlation with that of groundwater
(r2=0.76) and a better high correlation for only female tooth (r2= 0.88).

As the first bioavailable Sr isoscape for South Korea using dental samples, this Sr isoscape will be a useful tool to estimate the geographical origin of
unknown human skeletons such as teeth and femurs in cold cases.

Strontium Isotope; Forensic Provenance; Isotope Analysis
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A49  The Rapid Association of Commingled Remains

Kristen Livingston, BS*, University of Central Florida, Orlando, FL; Matthieu Baudelet, PhD, University of Central Florida, Orlando, FL,; Jonathan
Bethard, PhD, University of South Florida, Tampa, FL, Katie Zejdlik-Passalacqua, PhD, Western Carolina University, Sylva, NC

Learning Objective: Following this presentation, attendees will understand how commingled skeletal remains can be reassociated based on the bones’
chemical profiles obtained via Laser-Induced Breakdown Spectroscopy (LIBS).

Impact Statement: This presentation will impact the forensic science community by providing a novel tool for sorting mixed skeletal assemblages
based on chemical information, supplementing existing physical methods for reassociation.

The commingling of human remains poses an obstacle for death investigations in both modern and archaeological forensic contexts. After recovering
amixed assemblage, anthropologists face the challenge of sorting each skeletal element to its proper individual. Using physical features and osteometric
methods, the reassociation process can be a tedious process, especially if bones have undergone fragmentation or taphonomic changes; however, in
addition to specific physical traits, bones also have chemical profiles representative of the individual. This information provides useful, discriminatory
data for sorting.

This study proposes that the LIBS signatures obtained from bones in commingled assemblages can be used as a preliminary sorting technique. LIBS is
an analytical technique well-suited for acquiring chemical information from bones. It requires no sample preparation and provides an emission spectrum
within seconds that is representative of the sample surface composition. LIBS is also a quasi-non-destructive method, showing no noticeable indication
that material has been removed from the bone during analysis. Further, LIBS technology is available in portable, field-deployable instruments. As
much of the casework forensic anthropology begins out in the field, hand-held instrumentation conveniently aids in efficient analysis.

To simulate data collection from a mass grave, the skeletal remains of 12 individuals were obtained from the Forensic Osteology Research Station
(FOREST) decomposition facility at West Carolina University. A data set was created by acquiring LIBS spectra from multiple locations on 28 bones
for each individual, providing a total of more than 2,000 chemical signatures to classify. Following data reduction and optimization, supervised learning
algorithms were used to build discriminant models for the classification of each individual. These models were able to correctly match unclassified
bones to their corresponding individuals with greater than 90% accuracy. Further statistical analysis of the spectral data set provided insight on the
significance of some trace elements responsible for the variation between each set of skeletal remains.

The results of this study illustrate how the chemical profiles of bones help expedite the sorting process for skeletal assemblages and demonstrate the
usefulness of portable LIBS as a potential tool to help forensic anthropologists reassociate commingled remains directly in the field.

Commingled Remains; LIBS; Statistical Analysis
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AS50 An Update on Standards Development Activities Related to Forensic Anthropology

Wendy McQuade, PhD*, UNT Center for Human Identification, Fort Worth, TX; Julie Fleischman, Harris County Institute of Forensic Sciences,
Houston, TX

Learning Objective: After attending this presentation, attendees will have an appreciation of the efforts the Organization of Scientific Area Committees
(OSAC) Forensic Anthropology Subcommittee and the Academy Standards Board (ASB) Anthropology Consensus Body have made to draft, develop,
and publish standards, as well as better understand the current status of discipline-specific standards related to the field of forensic anthropology.

Impact Statement: This presentation will impact the forensic science community by increasing awareness of forthcoming and existing standards
pertinent to forensic anthropology, including ASB publication and OSAC Registry placement. This presentation will also reiterate the importance of
active participation in the standards development process by stakeholders during open comment periods.

The OSAC for Forensic Science was established in 2014 to facilitate the development of discipline-specific standards that are of high-quality and
technically sound. OSAC provides drafts of proposed standards to Standards Developing Organizations (SDOs), which further develop and publish
them. Additionally, OSAC posts these published standards on the OSAC Registry and promotes and encourages their use by the forensic science
community.

This presentation will summarize recent standards development activities by the OSAC Forensic Anthropology Subcommittee and the Anthropology
Consensus Body of our chosen SDO, the ASB. Updates regarding the status of various drafts, OSAC-proposed standards, and SDO-published standards
will be presented, including: SDO-published standards that are currently posted to the OSAC Registry; SDO-published standards that previously stalled
in the OSAC Registry Approval process; SDO-published standards that have begun the OSAC Registry Approval Process (1.5 and 2.0 versions);
OSAC-proposed standards that have been withdrawn from the OSAC Registry Approval Process; new OSAC-proposed standards at the Task Group
and Subcommittee levels; OSAC-proposed (or other) standards that are currently undergoing additional development at the ASB Working Group and
Consensus Body levels; and proposed standards that are currently open for public comment or in comment adjudication at the ASB.

Additionally, this presentation will identify topic areas under consideration for future proposed standards and discuss potential collaborative
opportunities for standards development relevant to the discipline of forensic anthropology.

Both the OSAC Forensic Anthropology Subcommittee and the ASB Anthropology Consensus Body underwent leadership changes in 2022. As a result,
the two entities have renewed their commitments to work transparently and collaboratively on efforts to produce consensus-based standards for the
field of forensic anthropology. The breadth of experience and technical knowledge of members of the OSAC Forensic Anthropology Subcommittee
and the ASB Anthropology Consensus Body is notable, but the content and clarity of proposed standards are often improved by suggestions obtained
during open comment periods. These open comment periods are purposefully built into the standards development process to allow stakeholders and
the general public an opportunity to provide feedback. Whether as part of the OSAC, ASB, or commenting public, active participation in the standards
development process is of critical importance to the production of high-quality and technically sound standards for the practice of forensic anthropology.

Standards; Forensic Anthropology; OSAC
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AS51  What Makes a “Good” Forensic Anthropologist?

Allysha Winburn, PhD*, University of West Florida, Pensacola, FL; Meredith Marten, PhD, MPH, University of West Florida, Pensacola, FL,; Benjamin
Burgen, PhD, University of West Florida, Pensacola, FL; Spencer Seymour, MA, University of West Florida, Milton, FL; Taylor Walkup, MA, University
of Tennessee, Knoxville, Knoxville, TN

Learning Objective: After attending this presentation, attendees will appreciate the consensus that exists among forensic anthropologists surrounding
what constitutes “good” practice.

Impact Statement: This presentation will impact the forensic science community by highlighting areas of agreement among forensic anthropologists
from multiple, and sometimes overlapping, work contexts, thus fostering intra-subdisciplinary collaboration.

Forensic anthropology has recently and publicly grappled with fundamental disciplinary issues—including assigning race in decedent identification,
the pursuit of objectivity, and the role of bias in medicolegal contexts—that have led to a state of seeming fracture. Using the method of Cultural
Consensus Analysis (CCA), this study examined if polarization exists within the subdiscipline, to what degree, and along what lines. Cultural consensus
theory derives from cognitive anthropology, which conceptualizes culture as a product of the mind: members of a particular group learn and share
cultural ideas and beliefs and organize them conceptually in a coherent way. The degree to which these standards or cultural “truths” are shared among
group members can be statistically tested using CCA, a form of factor analysis that ranks how important, relevant, or resonant particular concepts are
to members of a group.

Practicing forensic anthropologists were recruited via listservs and social media to participate in two phases of a Qualtrics®-based study. In phase one,
respondents were asked, “What makes a “good” forensic anthropologist?”” and were provided with text boxes to freelist terms and concepts. In phase
two, respondents were presented with the resulting list of 44 terms and concepts and asked to rank them on a scale of one to four, with one indicating
lack of importance and four indicating extreme importance to the “good” practice of forensic anthropology. Responses were analyzed using the
UCINET software.

In total, 103 respondents completed the survey, 37 of whom were Diplomate of the American Board of Forensic Anthropology (D-ABFA). Many
respondents (38, or 36.9%) worked in several professional settings simultaneously, including 26 (25%) working in both medicolegal and academic
contexts. Most reported either conducting casework (66, or 64%) or assisting with casework (27, or 26%), with only ten (9.7%) reporting no casework
within the last year.

In CCA, aratio greater than 3:1 between the first- and second-largest eigenvalues indicates a shared cultural model, meaning respondents agree about
a shared set of knowledge. In this survey, the eigenratio was 4.506:1, indicating that contrary to widespread concern, consensus exists over the training,
experiences, perspectives, and practices important for “good” forensic anthropology. Respondents agreed that “good” forensic anthropologists possess
both general scientific acumen and specific expertise in human skeletal and dental anatomy, along with the technical and interpersonal skills necessary
to effectively convey analytical results. They are self-reflexive, committed to the process of cognitive bias mitigation, and engaged with a broad body
of theory.

The primary area of disagreement surrounded the idea that analysts should remain neutral in the face of issues of social importance. The fault lines of
this debate primarily fell along generational lines, with those having earned their degrees earlier believing more strongly in neutrality. This pattern
largely maps onto broader (and somewhat routine) disciplinary debates and trends away from positivism, with younger anthropologists more focused
on the larger work of decolonizing anthropology and attending to the anti-racist work that figures prominently in anthropology today.

One of the strengths of CCA is that it highlights whether and how contention exists within a field—and when it does not. Despite limited disagreement,
a consensus definition of “good” forensic anthropology emerged. Given these results, the idea of subdisciplinary divide may be exaggerated, and
continuing debate may be representative of progress, not fracture. Science works, this study affirms, and together, we work toward a shared model of
equitable and just scientific practice.

Forensic Anthropology; Cognitive Anthropology; Cultural Consensus Analysis
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A52  Repatriation Beyond Native American Graves Protection and Repatriation Act (NAGPRA): The Ethics of
America’s Osteology Collections

Lyndsey Hornagold, MS*, Binghamton University, Johnson City, NY

Learning Objective: This research will educate attendees on the ethics of non-donor-based osteological collections within universities and museums,
as these collections are primarily made up of marginalized groups. Individuals from countries and groups that have been unethically incorporated into
osteology collections but receive little coverage will also be discussed. Last, attendees will be given a baseline on how countries outside of the United
States have already begun to repatriate individuals within these collections.

Impact Statement: The forensic science community, through this presentation, will be forced to think about whether repatriation of individuals
collected without consent should go beyond those protected under NAGPRA through a transitional justice perspective. Further, the forensic science
community will become more aware of the vast number of ancestral backgrounds that have been incorporated into American osteology collections
without consent.

Binghamton University’s teaching osteology collection (n=26) was used as an example of the ancestral makeup of a non-donor-based collection.
Ancestry was estimated by inputting craniometric measurements into AncesTrees. The ancestral makeup of Binghamton’s collection is: 19.2%
Southwestern European, 15.4% Sub-Saharan African, 15.4% East Asian, 11.5% Australian/Melanesian, 11.5% South American, 11.5% South Asian,
7.7% Southeast Asian, 3.8% Northeast African, and 3.8% Northern Asian/Artic. Only five (or 19.2%) of the individuals within Binghamton’s collection
are of European descent, while the other individuals are from historically marginalized, plundered, or colonized countries; however, even those of
European descent have been unethically placed in American osteological collections. Impoverished European immigrants that came to the United States
in the 19" century as well as executed criminals were the main individuals incorporated unethically into osteological and other medical collections.'

Historically, marginalized and ancestrally diverse individuals have been non-consensually placed into osteology collections. Many remains acquired
by university and museum collections do not have definitive documentation stating the individual’s origin. This indicates that there was no consent
from the donor or their next of kin for their remains to be donated to science, thus these remains should be repatriated if possible. This ethical debate
within anthropology is equivalent to the debate leading up to the passing of NAGPRA. Non-native individuals who have not consented to having their
bodies donated to collections are still those who have been impacted by colonization, war, and neglect. Repatriation of these remains would begin to
mend the strained relationships between anthropologists and the descendants and countries of these individuals unethically contained within American
osteology collections.

However, a complete repatriation of non-donor-based osteology collections would not have to be the end of education or research involving human
remains. There are multiple universities within the United States with large, donor-based collections (e.g., the University of Tennessee and the
University of New Mexico). These schools could begin to lend these remains to universities or museums that currently do not have a donor donation
program. At the very least, these institutions could partner with other universities or museums to foster the creation of more donor-based collections
within the United States.

Reference:
- Jones DG, Whitaker, MI. Anatomy’s use of unclaimed bodies: Reasons against continued dependence on an ethically dubious practice. Clin. Anat.
2012; 25: 246-254. doi: 10.1002/ca.21223.
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A53  Data on Methods Usage in Forensic Anthropology Casework From 1972-2022 Using the Forensic
Anthropology Database for Assessing Methods Accuracy (FADAMA).

Chelsey Juarez, PhD*, California State University, Fresno, Fresno, CA; Cris Hughes, PhD, UIUC, Urbana, IL; An-Di Yim, PhD, Truman State
University, Kirksville, MO

Learning Objective: The goals of this study are to understand methods usage across time, assess methods adoption, and discuss potential limitations.

Impact Statement: This presentation will impact the forensic science community by providing the most recent data available on methods usage across
all components of the biological profile over time. This presentation will examine methods adoption among methods developed pre-2000 and post-
2000 and identify possible bottlenecks to adoption.

The use of specific methods for estimating the biological profile in forensic anthropology casework is tied to factors including available elements,
methods validation, and practitioner training. This study investigates cases uploaded to FADAMA (https://www-app.igb.illinois.edu/sofadb/) for which
data on 101 different methods was available. The case sample is dated from 1972 to 2022 (N=410). For sex, age, ancestry, and stature estimation there
were N=445; N=1,076, N=356, and N=168 instances of methods use recorded by practitioners in the database, respectively. Results indicate a focus on
a small group of methods for each category of the biological profile over time and limited adoption of newer methods. Five sex estimation methods
represented 85% of the methods used with a median methods date of 2006. Four age estimation methods represented 60% of the methods used, with a
median methods date of 1987. Four ancestry estimation methods represent 93% of the methods used with a median methods date of 2005. Two stature
estimation methods represent 92% of the methods used with a median methods date of 1996.

Of all methods categories, age estimation demonstrated the greatest variety of methods in the database (N=47), the most instances of recorded methods
use (N=1,076), and the largest variation in methods used. For methods uptake, methods created from 2000 to present were analyzed. There were N=16
methods with a publication year of 2012 or later, and N=42 methods with a publication year between 2000 and 2011. A single factor Analysis of
Variance (ANOVA) demonstrated a significant difference between methods usage overtime (P=2.19804E-93) with methods published between 2000—
2011 representing the majority of usage for both time periods. Taking the dataset as a whole, the use of some older methods (pre-2000) significantly
increases over time, while the vast majority of recent methods gain little traction. In addition, the use of non-specific methods (e.g., generalized
morphology) was also investigated. For estimation of sex, non-specific methods made up 26.5% of the total methods use over all time periods.
Problematically, in the majority of instances, cases indicating the use of “generalized morphology” contained no further indication of what was analyzed
or how it was done. These trends suggest the need to investigate how factors like method validation (or lack of), pedagogical traditions, and systematic
access to methods training impact the selection of methods used in casework.

Methods Usage; Forensic Anthropology; FADAMA
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A54  Age-Progressive Acetabular Timing for Age Estimation in African American Males: Preliminary Results

Marta San-Millan, MSc, PhD, University of Girona*, Girona, Catalonia, SPAIN

WITHDRAWN
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A55  Evaluating Aspartic Acid Racemization as a Novel Technique for Forensic Age Determination

Jagmahender Sehrawat, PhD*, Panjab University, Department of Anthropology, Chandigarh, Chandigarh, INDIA; Bhavna Ahlawat, MSc, Panjab
University, Chandigarh, Chandigarh, INDIA

Learning Objective: After attending this presentation, attendees will better understand the best sample type that can be selected for the Aspartic Acid
Racemization (AAR) age estimation method. A meta data analysis and systematic review of different tissue types (N=8) (i.e., dentine, sclera, enamel,
femur, cementum, biopsied tooth, alveolar bone, and tooth sample) collected after an autopsy have been done.

Impact Statement: This presentation proposes the best-suited source to estimate ages that may be helpful to future researchers by improving the
reliability and accuracy of the ages evaluated. The exhibition will provide an in-depth review of the field. It will impact forensic science investigators
and researchers by helping them adopt the best parameter for age estimation for missing persons and unidentified bodies.

Estimating the age-at-death of an individual is a challenging task in forensic death investigations, particularly for adults. Different methods developed
in forensic anthropology have proven helpful for reliable age estimation of children.! However, only a few methods have been suggested for adults
with limited accuracy, reliability, and reproducibility. AAR offers an alternative novel method of age estimations in adults, giving age estimates within
acceptable forensic thresholds. AAR is the raw conversion of the optically active amino acid from its original Levorotatory (L) form to the
Dextrorotatory (D) form over a period of time.>* The accuracy of the AAR technique of age estimation is widely demonstrated and is being scrutinized
by various current researchers.* However, only a few studies have assessed the comparative accuracy of different tissue samples for extracting aspartic
acid and its utility for forensic age estimations. The main aim of the present research is to highlight the current status of research on this topic, the
relative importance of different body tissues for the purpose and report accuracy levels of the AAR technique obtained by different researchers around
the globe, and its applicability to forensic cases.

Current literature offers a diverse catalog of methods in age determination, targeting different source tissue, population groups, and age groups. A
literature search was conducted to identify and shortlist different tissues as sources for age estimation by AAR. The initial search strategy resulted in
128 articles, and data were collected from accessible literature sources and scientific search engines like PubMed®, Scopus®, WoS, ScienceDirect®,
and Springerlink®. Data were tabulated and systematically arranged for systematic review and meta-data analysis. Results obtained demonstrated that
Pearson product correlation of source samples and age estimation were highly positive and statistically significant for the samples like biopsies
tooth(N=101) (r=0.998, p< 0.001) error range:-3.2 to +1.7, dentine (N=333)(r=0.989, p< 0.001). The error range varied from -10 to +8.8 for tooth
recovered after an autopsy, -11 to +13 for dentin and -12 to 0 for enamel(N=19). High positive Pearson product correlation observed in sclera (N=10)
(r=0.850, p< 0.005) with an error range of-11.23 to +32.25, and femur (N=39) (r=0.854, p< 0.005) with an error range of-19 to +19 years. Very low
positive correlation and no significance was observed in cementum samples (N=32) (r=0.283) having an error range of -7 to +57 years, and a negative
correlation in alveolar bone samples (N=47) (r=-0.133) with an error range of 28 to +56 years. The results concluded that the overall age estimation
from aspartic acid racemization from tooth samples (including dentine, enamel, biopsied tooth, and tooth recovered after autopsy) provides the most
reliable results and hence can be used as a source of age determination in the AAR method.
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A56  The Impact of Pelvic Anomalies on Sacral Joint Surface Aging

Krista Bennett, MA*, Louisiana State University, Baton Rouge, LA

Learning Objective: After attending this presentation, attendees will better understand how sacralization of terminal lumber vertebra and unilateral
sacral-iliac fusion can impact age-at-death estimations using the auricular surface of the sacrum.

Impact Statement: This presentation will impact the forensic community by providing an assessment of the applicability of sacral auricular surface
age-at-death estimations from individuals with pelvic anomalies.

Pelvic anomalies (i.e., sacralization and sacral-iliac fusion) occur at varying rates among populations and often affect older individuals as the body
attempts to maintain stabilization and functionality.'-> Previous research examined the effects of a sacralized terminal lumbar vertebra on age-at-death
estimations derived from the auricular surface of the ilium using the Buckberry and Chamberlain revised aging method.* Findings suggested that
changes in biomechanical load transmission through the pelvic region could result in accelerated age-degenerative changes to the joint surface.’ Since
the auricular surface of the sacrum is covered by a different type and thickness of cartilage, age degenerative features are often delayed and manifest
later in life. Therefore, the potential effects of pelvic anomalies on the rate of degeneration of the sacral auricular surface are unknown. The current
study seeks to determine whether the Passalacqua sacral aging method should be used when individuals present with either sacralization of the terminal
lumbar vertebra or unilateral sacral-iliac fusion.®

A total of 150 sacra aged 29 to 96 years from the William Bass Donated Skeletal Collection were randomly selected for examination. Sacral auricular
surfaces were scored using the seven features defined by the Passalacqua age estimation method.® Each sacrum was also evaluated for the presence and
degree of sacralization of the terminal lumbar vertebra and unilateral sacral iliac fusion. For this study, three types of sacralization were identified.
First, Type A, where only one side of the transverse process of the terminal lumbar vertebra is fused with the corresponding sacral ala. Second, Type
B, where the vertebral body of the terminal lumbar vertebra is fused with the first sacral body segment, but neither transverse process is fused with
either ala. Last, in Type C, both transverse processes were fused with corresponding sacral alae; the vertebral bodies of the terminal lumbar may or
may not be fused with the first sacral segment. Additionally, unilateral sacral-iliac fusion was defined as a bony fusion between the sacrum and a single
0s coxae.

Results found that 21 (14%) individuals had one of the three types of sacralization, and nine (6%) individuals developed sacral-iliac fusion. Of the 21
individuals with sacralization, the breakdown of types is as follows: two with Type A, eight with Type B, and ten with Type C sacralization. The
accuracy for age-at-death for individuals with sacralization was 62% and 95% for the 68% and 95% confidence intervals, respectively. For individuals
with sacral-iliac fusion, accuracy was 56% and 89% for the 68% and 95% confidence intervals, respectively. Individuals who were not assigned
accurately to a phase were either too young (i.e., 21 and 33 years) or too old (over 91 years) for either the 68% or 95% confidence intervals.

Individuals that were too young for their assigned phases displayed advanced age-related features such as ring absorption of the first sacrum and
microporosity on the auricular surface. These results suggest the Passalacqua aging method can be reliable with sacralization of terminal lumbar or
sacral-iliac fusion when using the 95% confidence intervals; however, the method should be used with caution when using the 68% confidence intervals
as the accuracy drops significantly.® The findings from this study appear consistent with the previous examination of the impact of pelvic anomalies
on joint surface aging, whereby changes in biomechanical loading can increase stress and degeneration to the joint surface resulting in older appearing
age-related features.
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A57  The Investigation of the Ectocranial Squamosal Suture to Estimate Age at Death

Navit Nachmias, BS* University of Tennessee-Knoxville, Knoxville, TN; Steven Lautzenheiser, PhD, University of Tennessee-Knoxville, Knoxville,
TN, Joanne Deviin, PhD, The University of Tennessee-Knoxville, Knoxville, TN

Learning Objective: This presentation will discuss the benefits and drawbacks of using cranial suture obliteration as an age estimation method.
Attendees will learn about a newly developed technique discussed in the current study, and previously established cranial suture age estimation
techniques, such as the one developed by Meindl and Lovejoy.! Additionally, attendees will learn about the reliability of usability of the current method
presented in comparison with the Meindl and Lovejoy technique.

Impact Statement: This presentation will impact the forensic science community by conveying a potential new method that will assist in the age
estimation of individuals over the age of 50. Most age estimation methods are more accurate for aging younger individuals and only provide large age
ranges for older individuals. Additionally, the method discussed in the current presentation utilizes a small part of the cranium as opposed to the whole
element. In forensic contexts where only fragments remain, this method could be useful in providing some insight into age.

A crucial component of forensic death investigations is estimating the biological profile. While there are many methods, there remain challenges for
anthropologists in forming a full profile. Estimating the age of an individual, particularly assessing the age of older individuals (50+ years old), remains
difficult. The age estimation methods that exist for older individuals are also less precise than methods for juvenile age estimation. Current methods
focus on the innominate and the sternal rib margins, which are both susceptible to damage. Remains are often fragmentary or altogether missing, which
makes developing the biological profile more challenging. Methods that involve more durable elements, like the skull, are therefore useful to examine
as potential indicators because crania are often well preserved. While the examination of cranial sutures as an indicator of age has been addressed by
researchers, a single focus upon the squamosal suture for advanced age estimation has not been conducted. Given that the ectocranial squamosal suture
is one of the final sutures to close, it may be useful for indicating the age-at-death for older individuals.?

This research aims to examine the obliteration patterns of the ectocranial squamosal suture to determine whether there is a correlation between the
degree of squamosal suture closure and older age (50+ years old). Additionally, this study compares the age estimation of this novel approach to the
previously established method by Meindl and Lovejoy.! Measurements of 435 individuals ranging from 25-89 years old from the University of
Tennessee, Knoxville (UTK) donated skeletal collection were taken. The squamosal suture was divided into six sections and scored 0—3 based on the
extent of obliteration. Composite scores of each individual were calculated using the Meindl and Lovejoy technique.! Results from a one-way Analysis
of Variance (ANOVA) indicate that four out of the six sections (A1 (F=3.96), P1 (F=3.22), P2 (F=3.53), and P3 (F=5.14)) have a significant relationship
between obliteration score and age (all p’s < 0.05). Since these four sections demonstrate a relationship between age and suture obliteration, they may
be indicative of age and utilized in the estimation of age at death of individuals 50 years of age and older. Kendall’s rank-order show equal correlations
between all six sections of the squamosal and chronological age (Left: 0.13-0.20; Right: 0.10-0.16). From this, an age estimation method using the
composite scores of the six sections of the ectocranial squamosal suture was developed for both left and right sides and appears to be useful for age
estimation. We combined this squamosal suture focus with the traditional Meindl and Lovejoy method to establish a two-prong approach to cranial
suture age estimation.! Results indicate that this novel approach appears to provide more precise age-at-death estimations for older individuals (50+
years old).
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A58  Evaluating the Effects and Timing of Hydrochloric Acid (HCI, 38%) Destruction on Porcine Versus
Human Dentition

Tammy Bracewell, PhD*, Texas A&M University Central Texas, Killeen, TX; Christine Jones, PhD, Texas A&M University Central Texas, Killeen, TX

Learning Objective: After attending this presentation, attendees will better understand morphological changes occurring from HCI acid immersion in
porcine and human dental remains.

Impact Statement: This presentation will impact the forensic science community by addressing the ability to recognize morphological changes to
tissues and the timing of HCI destruction in the context of body disposal for both porcine and human dentition.

HCl is a known method of destruction used as a means of body disposal. Teeth are more likely than other human substances to remain intact when
exposed to an acidic environment; however, few forensic studies explore the timing and effects of acid on dental remains. To date, no studies have
tested the effects of HC1 on porcine models to determine whether they are comparable proxies to human dental remains for use in experimental design.
This lack of information has established a limitation in assessing the effects of an acid environment on remains to establish Postmortem Interval (PMI)
or to address other taphonomic factors in an experimental setting. In this study, it was hypothesized that porcine premolars and molars, due to their
similar shape, weight, and composition to human molars, are adequate proxies in studies testing the taphonomic effects of HCI on teeth.

Six porcine (Sus scrofa) mandibular premolars and molars were used in this study. The teeth were sterilized using an autoclave (121°C, 15Ibs psi).
Standard odontometric measurements, weight, photographs, and imaging using a Nanoimages SNE-3200M mobile Scanning Electron Microscope
(SEM) were taken before and after immersion in a commercially available formulation of hydrochloric acid (HCI, 38%). The teeth were submerged in
HCI (38%) in 10 to 15ml of acid. Teeth were submerged for: 6 hours, 12 hours, 24 hours, and 48 hours, and two teeth were submerged until they
dissolved completely. These time intervals correspond with previous research using human teeth, allowing for comparisons between porcine and human
teeth submerged in HCI. Additionally, a mobile SEM was used to further analyze dental remains that were not identifiable as teeth after at least 48
hours in HCI to assess how their physical makeup compared to mobile SEM images of human teeth.

Data were compared from porcine models to previously published data on the timing and effects of HCIl on human dentition. The results of macroscopic
analysis showed differences in dissolution timing and overall morphology. The porcine models reduced at a faster rate than human teeth for the first
24 hours; however, after the first 24 hours, the porcine reduction slowed. In both porcine and human teeth, the morphological differences intensified
with extended time intervals. After 48 hours, both porcine and human teeth were significantly reduced to the point that neither could be identified as
dental remains; however, tissue remained that was able to be analyzed using SEM. When assessing the SEM imagery, both porcine and human teeth
showed cracks at low levels of magnification (100X—1,000X). At higher magnification (4,000X-10,000X), both porcine and human teeth showed
characteristics that can be described as layering or lamination.

These results were compared to previous studies with human teeth. There were notable similarities in the effects of HCl on human and porcine teeth,
which are promising but suggest further studies are needed to support their use as proxies in studies of acid disposal. The SEM imagery results indicated
it is possible that the layering or lamination seen at higher magnification are unique to the effects of HCI on dentition, but more SEM studies are needed
to validate these results.
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A59  Testing the Accuracy of Three Dental Aging Methods

Maggie Breuer, BA*, Texas State University, San Marcos, TX; Kaitlyn McKenna, BA, Texas State University, San Marcos, TX; Jessica Burden, BA,
Texas State University, San Marcos, TX; Lauren Young, BA, Texas State University, Kyle, TX; Tim Griffin, Texas State University, Leander, TX

Learning Objective: After attending this presentation, attendees will be informed about methodologies used for subadult dental aging applicable to
the fields of forensic anthropology and bioarchaeology.

Impact Statement: Historically, dental aging methods for subadults underestimates ages for individuals in the pubescent stage. Uncertainty over the
reliability of the third molar for teenage aging methods created the need for more accurate methods. This presentation showcases a new methodology
created by a collaborative effort of Texas State University and Michigan State University to provide more accurate results in these later subadult years
(namely 13-22). The use of transition analysis for subadult dental aging methods will impact the forensic science community by providing a method
for practitioners to estimate age from dentition with statistical basis.

The purpose of this research was to test the accuracy of three subadult dental aging methods for a sample of 50 individuals with known age ranges of
3-20 years. The three techniques that were tested were the following: The London Atlas chart technique; the Moorrees, Fanning, and Hunt incremental
development stage technique using the Draft Age Estimation Quicksheets™; and the newly developed TA Dental technique that uses transition
analysis. 1,8 In dental anthropology and forensic odontology, the use of visual atlases or charts that use dental and root formation stages have historically
been used for dental age estimation.5 The longitudinal study of Moorees, Fanning, and Hunt 1963(a) created a 14-stage graphical representation of
incremental stages of dental root and crown formation later tabulated with descriptive statistics by Harris and Buck is most commonly used for dental
age estimation in the field today.4,8 However, past dental age estimation methods do not use statistical understanding of transition analysis, which uses
probabilistic information and knowledge of prior distributions for life course analysis.7 A new analytical tool, TA Dental, created in a collaborative
effort by Texas State University and Michigan State University employs transition analysis in R code for subadult dental age estimation in response to
this need (Subadult Dental Age Estimation Project website).

This research project compares three dental aging methods for accuracy. To do this a group of five researchers analyzed 50 dental panographic
radiographs and scored root and crown development using the Moorees, Fanning, and Hunt 14-stage graphical depictions.3 Researchers then
implemented these scores into the three methodologies. A Cronbach’s Alpha test for inter-observer error showed an alpha score of 0.963. A one-way
repeated measures Analysis of Variance (ANOVA) analyzed the scores to their known ages. The results showed that overall TA Dental and the London
Atlas were not significantly different, but ultimately the most accurate methodology for dental age estimation is TA Dental. Moorees, Fanning, and
Hunt underestimated ages.
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A60  Evaluating Sacral Metrics for Sex Estimation

Alexandra Klales, PhD, Washburn University, Topeka, KS; Kate Lesciotto, JD, PhD*, University of North Texas Health Science Center, Fort Worth, TX

Learning Objective: After attending this presentation, attendees will understand the classification accuracy and observer agreement for sacral metrics.

Impact Statement: This presentation will impact the forensic science community by presenting the reliability and validity of the sacral measurements
for use in skeletal sex estimation.

The sacrum has widely been considered one of the best skeletal indicators of sex due to sexual dimorphism of the boney pelvis related to parturition.
Four measurements of the sacrum are included in the most popular human osteology textbook and/or the computer program FORDISC® 3.1 for
combined sex/ancestry estimation: Anterior Height (AH), Anterior Breadth (AB), transverse diameter of the First Sacral Segment (S1), and Maximum
Anterior Superior Breadth (MXB).! The purpose of this study was to examine the reliability and validity of these metrics as part of larger project
attempting to combine metric and morphological features of the sacrum for sex estimation.

Two experienced observers collected the aforementioned four metrics of the sacrum during two trials in a sample of 19 males and 17 females (n=36)
from the Southeast Texas Applied Forensic Science Facility Skeletal Collection. Reliability was tested by calculating absolute and relative differences
and Technical Error of Measurements (TEM and rTEM) between and within observers. Five percent was considered an acceptable rTEM error rate a
priori. Intra-observer (Trial 1 vs. Trial 2) rTEM was less than 5% for all measurements and observers except for MXB (7.86% for the first observer).
Inter-observer rTEM was also less than 5% for all measurements: AH 4.32%, AB 2.29%, MXB 0.46%, S1 2.49%. These results suggest that overall,
the measurements are reliable.

Validity was tested using leave-one-out cross-validated linear discriminant function analysis. Classification accuracy of individual measurements
ranged from 42.9% (S1 and MXB) to 77.1% (AB) for the first observer and from 47.2% (MXB) to 70.6% (S1) for the second observer. Individually
the traits performed poorly for differentiating the sexes and varied by observer when used in combination: 77.1% for the first observer and 51.6% for
the second observer. Using the postcranial reference samples in FORDISC® 3.1 for comparison resulted in slightly higher sex differentiation for both
population groups (75%), but with a sex bias: White/of European decent (79.3% females; 73.1% males) and Black/of African descent (67.7% females;
78.7% males).

The measurements are problematic for several reasons and may not adequately capture the subtle shape differences between males and females. For
example, AH does not account for: (1) the degree of sacral curvature (e.g., increased curvature reduces height); (2) individuals with more or less than
five sacral segments; (3) sacralization or lumbarization; or (4) the inability to take the measurement when the coccyx is fused to the sacrum. The
transverse diameter of S1 is complicated by osteoarthritic lipping, which is frequently encountered in this region and requires approximation of the
measurement. The MXB is included in the most popular human osteology textbook, but not within FORDISC® 3.1, so it is infrequently used to estimate
sex and had the lowest combined classification accuracy (45.1%) in this study. Last, AB can also be impacted by osteophytic lipping like S1, and the
measurement can vary based on the angle and orientation of the sacrum during measurement; however, inter-observer agreement was high and intra-
observer agreement was the best for this metric.

Although documented to be sexually dimorphic, current sacral metrics for differentiating the sexes are invalid yet reliable. Despite the poor
discriminatory power of these metrics, AH is frequently selected in the linear regression equation with the highest stature correlation and can be reliably
measured; therefore, this data should continue to be collected.

Reference:
I White TD, Black MT, Folkens PA. 2012. Human Osteology, 3rd ed. Burlington, MA: Academic Press.
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A61 A Content Analysis of Sex Estimation Research in the Journal of Forensic Sciences Between 2000 and 2021

Morgan Ferrell, MA*, University of Central Florida, Orlando, FL; John Schultz, PhD, University of Central Florida, Department of Anthropology,
Orlando, FL; Donovan Adams, PhD, University of Central Florida, Orlando, FL

Learning Objective: After attending this presentation, attendees will have a better understanding of trends in sex estimation research published in the
Journal of Forensic Sciences (JFS) over the past two decades.

Impact Statement: This presentation will impact the forensic science community by presenting data on the skeletal elements, population affinities,
skeletal collections, and statistical techniques utilized in forensic anthropology studies on sex estimation published in JFS.

To better understand sex estimation research trends over the past two decades, this study evaluated 111 sex estimation studies published between 2000
and 2021 in JFS. The main goals of this content analysis were to: (1) determine how many studies examined metrics versus morphological traits, (2)
examine which parts of the skeleton have been most utilized, (3) examine which collections and population affinities have been most frequently
sampled, and (4) determine which statistical methods were most frequently implemented.

99 <,

Thirteen keywords (e.g., “sex estimation,” “sexual dimorphism,” etc.) were used to search the citation database Web of Science™ for sex estimation
studies published in the Anthropology/Physical Anthropology section of JFS between the years 2000 and 2021. The text analysis software MAXQDA
Plus 2022 was then utilized to code the selected articles and perform the content analysis. The materials, methods, and results sections of the articles
were coded through a combination of auto-coding and manual coding. Coded information included whether the article focused on metrics or
morphological traits, and what skeletal elements, population affinities, skeletal collections, and statistical methods were utilized. The coded data were
exported as an Excel® file, and the frequencies for each code were tabulated. Additionally, a Cochran-Armitage test was conducted to test for significant
trends in the number of metric- versus morphological-based studies published between 2000 and 2021.

Of'the 111 sex estimation articles, 99 (89%) studied the adult skeleton, 10 (9%) studied the subadult skeleton, one (1%) studied the permanent dentition,
and one (1%) studied deciduous dentition. While 85 (77%) articles focused on metric methods, 24 (22%) articles focused on analyzing morphological
traits, and two (2%) articles combined metrics and morphological traits. The Cochran-Armitage test revealed no significant trends between metric and
morphological articles between 2000 and 2021 (p-value=0.4387); however, 29 metric articles were published between 2000 and 2010, compared to 56
between 2011 and 2021.

A number of important trends were noted. The skeletal region most frequently utilized was the cranium (n=34), followed by the os coxa (n=25),
mandible (n=15), and humerus (n=15). While 80 (72%) studies examined only one skeletal element, 31 (28%) studies examined multiple regions. The
most frequently utilized collections were the Robert J. Terry Anatomical Collection (n=19), the William M. Bass Donated Skeletal Collection (n=19),
and the Hamann-Todd Human Osteological Collection (#=13). Additionally, 28 (25%) studies utilized computed tomography scans or radiographs to
perform their analysis. The most frequently sampled population affinities were “European” (n=73, e.g., European American, White, South African
White, etc.) and “African” (n=39, e.g., African American, Black, South African Black, etc.). Also, the most popular statistical methods utilized for sex
classification were Discriminant Function Analysis (DFA) (n=69) and logistic regression (n=22). Machine learning methods were only implemented
by a handful of studies, including decision trees (n=4), support vector machines (n=1), and k-nearest neighbor (n=1).

Overall, sex estimation research published in JFS has prioritized the use of metric methods over morphological methods. Further, only two studies
combined metric and morphological data into one statistical framework. The most commonly utilized statistical methods for sex classification continue
to be DFA and logistic regression, and only a limited number of studies implemented machine learning. This study also demonstrates that a substantial
portion of sex estimation research is being conducted utilizing United States-based collections and limited population affinities. Future sex estimation
research should prioritize sampling more diverse populations, exploring machine learning techniques, and developing methods that combine metrics
and morphological traits into one statistical analysis.
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A62  Sex Estimation Using Interlandmark Distances of the Zygomatics

Keegan Beane, BA*, Texas State University, San Marcos, TX

Learning Objective: After attending this presentation, attendees will have information about an approach toward sex estimation using one zygomatic
bone and advanced digitizing technology.

Impact Statement: This presentation will impact the forensic science community by informing attendees that Interlandmark Distances (ILD) of one
zygomatic bone provide an option for sex estimation when remains are fragmented, damaged, or commingled.

Advances in technology opened new doors for studies in sex estimation. While many studies using craniometrics for sex estimation have been
conducted, few studies examine 3D cranial ILD methods for sex estimation. Recent studies have shown that the zygomatic bones show sexual
dimorphism and can be used for sex estimation through landmark data.'-* Additionally, the zygomatic bones are elements traditionally more likely to
be recovered intact. This research aims to identify if ILD of only one zygomatic bone can be used for sex estimation and to develop a discriminant
function for sex estimation.

The crania of 60 individuals from the Texas State Donated Skeletal Collection were selected for this research. Eleven landmarks on each individual’s
left zygomatic bone were digitized using the 3Skull software following the LNDMARKI13F file guide. The 3Skull output of the craniometrics for all
individuals was exported into the 3D landmark Coordinate Exporter and ILD Calculator software, which calculated 55 ILD for the left side landmarks.
A one-way Analysis Of Variance (ANOVA) was performed to determine that 40 of the 55 ILD measurements were statistically significant for sexual
dimorphism. A stepwise discriminant function analysis selected the best combination of measurements for sex estimation, and cross-validation was
performed using the leave-one-out method.**

Discriminant function analyses were used to test if left zygomatic ILD can predict an individual’s group membership as either male or female. The
stepwise analysis chose radiculare to zygotemporale inferior, frontomalare temporale to zygotemporale inferior, and zygion to zygoorbitale as the ILD
for the discriminant function. The model correctly classified 81.7% of all individuals into their known groups, with 83.3% (30/36) of males and 79.2%
(19/24) of females classified correctly. The leave-one-out cross-validation assessment for validity caused no change in the percentage of correctly
classified cases. The results show that zygomatic bones display sexual dimorphism. By calculating ILD from the landmark coordinates, the number of
variables for the zygomatic bone was significantly increased. The ILD measurements of only one zygomatic bone provided good classification
percentages of individuals into their known groups with the discriminant function analysis. Therefore, ILD can be used for sex estimation based on this
model. ILD could provide more variables for sex estimation when limited to fragmented, damaged, or commingled remains. Future studies will explore
machine learning and geometric morphometric analysis of coordinate data.
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A63  Machine Learning and Discriminant Function Analysis in the Formulation of Generic Models for Sex
Prediction Using Patella Measurements

Mubarak Bidmos, PhD*, Qatar University, Dona, Ad Dawhah, QATAR; Oladiran Olateju, PhD, University of the Witwatersrand, Johannesburg,
Gauteng, SOUTH AFRICA; Tawsifur Rahman, MS, Qatar University, Doha, Ar Rayyan, QATAR; Muhammad E.H. Chowdhury, PhD, Assistant
Professor, Qatar University, Doha, Ad Dawhah, QATAR

Learning Objective: The main objectives of this study include the formulation of generic models for sex estimation from six measurements of the
patella of three of the major population groups from South Africa and to make a comparison between the classification rates from the use of linear
Discriminant Function Analysis (DFA) and Machine Learning (ML) algorithms. Three measurements, namely maxh, maxb and maxt, consistently
were selected as the best performing variables in both DFA and ML algorithm. The standards generated for sex classification from the use of ML
algorithms produced higher average accuracies compared to those generated using DFA.

Impact Statement: The results of this study show that the application of novel ML paradigm provides a better classification of sex from the patella
measurement compared to the use of the classical DFA. The usage of this method can be further explored in sex classification from measurements of
other bones of the body with the potential to provide higher classification rates in sex assignment

Sex prediction from bone measurements that display sexual dimorphism is one of the most important aspects of forensic anthropology. Measurements
of bones that do not have distinct morphological traits have been subjected to statistical analysis in the generation of population-specific standards for
sex estimation. Recent studies have highlighted some drawbacks in the use of population specific equations, including the need for prior assignment of
population groups, which may be difficult if not impossible in cases where complete skeletons are not available or in the absence of bones that display
obvious population-specific traits. This therefore makes the process of human identification from skeletal remains demanding, especially in a country
like South Africa with diverse population groups. This study aims to formulate generic models for sex prediction using measurements of the patella of
South Africans using LDA and ML algorithms.

Six parameters were measured on each of a sample of 260 patellae of South Africans obtained from the Raymond Dart collection of Human Skeletons,
University of the Witwatersrand, Johannesburg, South Africa. Stepwise and direct discriminant function analyses were performed for measurements
that exhibited significant differences between male and female mean measurements. We also used eight classical ML techniques along with feature-
ranking techniques to identify the best feature combinations for sex estimation. A novel stacking ML technique was trained and validated to classify
the sex of the subject.

The measurements of the patellae of South Africans are sexually dimorphic and the range of average accuracies obtained for pooled multivariate
discriminant function equations is 82—84%, while the stacking ML technique provides 91% accuracy, which compares well with those presented for
previous studies in other parts of the world. The generic models proposed in this study from measurements of the patella of South Africans are useful
for sex estimation with reasonably high average accuracies.

Forensic Anthropology; Sex Prediction; Machine Learning Algorithm
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A64  Analyzing Interpretative Approaches in FORDISC® to Improve Sex Estimation Accuracy

Arielle Reich, MA*, University of Illinois Urbana-Champaign, Champaign, IL; Cris Hughes, PhD, University of Illinois, Department of Anthropology,
Urbana, IL; Heather Garvin, PhD, Des Moines University, Des Moines, IA; Patricia Avent, BA, Des Moines University, Marshall, IL

Learning Objective: After attending this presentation, attendees will understand how Posterior Probability (PP) trends can improve FORDISC®
craniometric sex estimation.

Impact Statement: This presentation will impact the forensic science community by: (1) making recommendations on the most suitable analytical
approach to FORDISC® sex estimation taking into account accuracy and sample inclusion, while mitigating sex biases; and (2) providing sex-specific
guidelines for interpreting FORDISC® PPs.

Although the FORDISC® software is commonly utilized for osteometric sex and ancestry estimation, the relationship between the obtained PP and
accuracy has not been thoroughly investigated.! This study focuses on sex estimation using FORDISC® and explores several analytical approaches to
interpreting the PP. First, differences in accuracy between two approaches for analyzing the PP output for sex estimation were assessed. Approach 1
estimates sex based on the sex associated with the FORDISC®-assigned reference group. Approach 2 compares the sum of the PP for all the male and
female reference samples and assigns the individual to the sex with the greatest summed PP. Leave-one-out cross validation group classifications and
associated PPs for each individual in the reference sample (n=884) were extracted from FORDISC® using a stepwise forward selection of 18
craniometric variables. Sex estimation accuracy rates for Approaches 1 and 2 were compared and assessed for any sex or population biases. Accuracy
rates for Approach 1 (86%) and Approach 2 (87%) were almost identical. With Approach 1, however, of the 125 individuals incorrectly sexed, 65%
were erroneously classified as female compared to 35% as male. In contrast, Approach 2 returned 118 incorrectly sexed, of which 55% were classified
as female and 45% as male. Given the reduced sex bias, Approach 2 should be the preferred method for sex estimation when using FORDISC®.

Accordingly, Approach 2 was used to explore a Posterior Probability Informed Threshold (PPIT) approach, which takes into account the PP
distributions related to accuracy of the sex estimation for the samples of interest to develop PP thresholds with acceptable accuracy levels.? Correctly
assigned males had a greater median PP and different PP distribution than females (p=0.5). Furthermore, accuracy rates above 80% are achieved at
lower PPITs for males (PPIT>0.75) than females (PPIT>0.85). These results highlight how the interpretative approach to FORDISC® sex estimation
can affect accuracy, particularly of skulls estimated to be female. FORDISC® users should apply a summed PP approach in conjunction with sex-
specific PPIT standards to improve accuracy rates. Establishing a statistically informed approach to incorporating qualifiers for sex estimations
promotes standardized forensic case reporting.

References:

- Jantz RL, Ousley SD. FORDISC 3.0: Personal computer forensic discriminant functions. Knoxville, TN: University of Tennessee; 2005.

2 Avent PR, Hughes CE, Garvin HM. Applying posterior probability informed thresholds to traditional cranial trait sex estimation methods. J
Forensic Sci. 2022;67(2):440-449. doi: 10.1111/1556-4029.14947.

Sex Estimation; Accuracy; Posterior Probability

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 101 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

A65 Determining Sexual Dimorphism From Mastoid Triangle Measurements in a South Indian Population: A
Computed Tomography (CT) Scan-Based Study

Siddhartha Das, MBBS, MD*, Jawaharlal Institute of Medical Education & Research, Puducherry, Puducherry, INDIA

Learning Objective: After attending this presentation, attendees will be able to comprehend the role of mastoid triangle CT scan measurements for
determining the sex in a south Indian population.

Impact Statement: This presentation will impact the forensic science community because the importance of CT scan measurements of the mastoid
triangle of skull for determining the sex in a south Indian population will be presented.

Background: Identification of an individual is one of the objectives of an autopsy. Age, sex, race, and stature can be obtained from dismembered or
mutilated bodies, which will help in partial identification of the individual. Bones give important information from which sex can be predicted. The
predictive accuracy for determining sex from the skull is 80-85%. The mastoid region of the skull shows resistance to any physical damage owing to
its anatomical position and compact structure and, hence, may remain intact in otherwise damaged and fragmented skulls. This explains its utility in
sex determination when other parts of the skull may not be fully available. Paiva and Segre developed a method wherein craniometric measurements
of a triangle defined by three distinct points on the lateral aspect of the skull in the mastoid region was used for identification of sex using dry skulls.!
This triangle formed by porion, mastoidale, and asterion, which are the necessary craniometric points, was later described as the mastoid triangle.?

Methods: The sample size was estimated with an expected Area Under the Curve (AUC) for predicting the mastoid triangle measurements for sex as
0.76. The sample size was 358 with equal distribution from both sexes at a 5% level of significance with 0.05 absolute precision. The sampling
technique used was convenient sampling and the data collection period was two months. A record-based retrospective cross-sectional study was done
on CT scans of 358 adult individuals as per a pre-defined inclusion and exclusion criteria. The parameters studied were Asterion-Porion Length (APL),
Asterion-Mastoidale Length (AML), Porion-Mastoidale Length (PML), Area of Mastoid Triangle (AMT), and Perimeter of Mastoid Triangle (PMT)
of both left and right sides.

Results: The measured mastoid triangle parameters from both sides were found to have statistically significant differences between the two sexes. The
diagnostic accuracy of these parameters in determining the sex was evaluated using the Receiver Operating Characteristic (ROC) curve. AUC with
95% Confidence Interval (CI) was used for each measured parameter. Sensitivity and specificity of the parameters in determining the sex was based
on the maximum Youden’s index value. The parameter AMT of the left side was found to be most significant in determining sex, with AUC 91.1% at
95% ClI, sensitivity 90%, and specificity 76%. APL of the left side was least significant with AUC of 77.3%, sensitivity 76%, and specificity 68%.

Conclusion: This retrospective CT-based observational study showed that all the measured mastoid triangle parameters of both the sides were
significantly able to determine the sex of the individual in a South Indian population.
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A66 A Critical Appraisal of Standardization and Integration of Forensic Anthropological Techniques

Shubham Thakur, MSc, Department of Anthropology, Panjab University, Chandigarh, Chandigarh, INDIA; Jagmahender Sehrawat, PhD*, Panjab
University, Department of Anthropology, Chandigarh, Chandigarh, INDIA

Learning Objective: After attending this presentation, attendees will be sensitized to the current limitations of forensic anthropological casework and
will demand the utmost care on their part for applying different biological profiling methods and techniques in their research work.

Impact Statement: This presentation will impact the forensic science community by informing attendees of the current limitations of forensic
anthropological casework.

Identification of unknown human remains recovered from forensic contexts is crucially needed for humanitarian purposes, though it remains a
perplexing problem for forensic anthropologists. The practice of forensic anthropology is not well regulated or standardized and it currently lacks
minimum published and universally applicable standards. Identification of isolated, fragmented, or commingled remains becomes more difficult as
such remains may have been discouragingly altered by criminal activity, weather conditions, cultural practices, or extreme temperatures to make their
anatomical features unappreciated. An infinite number of such human remains are being reported daily from different corners of the world, but there is
no definite set of universal standards that can be applied for identification strategies of these challenged remains. Most of the available standards are
population specific, developed from examinations of skeletal remains of known identity or exhumed from the cemeteries or burial grounds depicting
credentialed identity of the deceased. Problems arise in cases where even the minute pieces of basic information are not available about the unknown
human skeletal remains. Applying a method for the individuals of a population other than for which it is originally developed will expectedly result in
anticipated variations or errors. The continued testing of developed methods on other populations with a careful notification of intra- and inter-
population variation can lead to universal acceptability of such methods. The lack of precision and the existence of higher intra- and inter-observer
variations associated with many of the forensic anthropological methods and techniques is a major concern for their objectivity, reproducibility, and
efficacy. The continued testing of anthropological methods for assessing age at death, sex, ethnicity, traumatic and pathological markers of identity,
etc. is urgently required.

Another major problem, largely unaddressed, in forensic anthropology is the difficulty of integrating the results of several methods applied by different
researchers worldwide. The quantification of complex skeletal and dental features is another cumbersome and difficult task that discourages a quick,
cost-effective, and hassle-free assessment of human remains. So, there is a dire need to develop methods that do not rely on such complex traits but on
biochemical or nuclear physical markers (such as aspartic acid racemization, stable isotope analysis, radiocarbon dating, and ancient DNA analyses or
approaches) that provide high precision in forensic identifications. Determination of geographical origin or ethnicity of remains may be important,
especially in terms of investigative efforts by the police. Due to more immigrations and influxes of human capital, the determination of ethnicity and
geographical origin has become ever more difficult. Further, documented skeletal collections are not available to most of the global researchers for
their examination toward comparative purposes; therefore, building virtual skeletal libraries using high-resolution Computed Tomography (CT)
scanning of osteological material of known ethnicity can allow easier access of global skeletal collections to researchers, thus facilitating digital
dissemination of skeletal traumas, pathologies, anomalies, defects, etc. and digital rendering of bone structures and features. The molecular,
archaeological, taphonomic, and trauma analyses are largely emphasized in forensic anthropological research work these days.! Donated cadavers and
documented skeletal collections presented to larger interest groups can help remove global barriers in understanding subtle variations in human skeletal
remains. In addition to critically examining and continuously assessing the accuracy, precision, and validity of already-developed methods, there is an
urgent need to devise and add newer objective methods to the forensic anthropological toolbox to make anthropologists better prepared for future
challenging forensic casework. Comparative studies describing the error rates linked with the forensic anthropological methods, updating the existing
methodologies of biological profiling, assessing and quantifying patterns of human variation is the urgent need of the hour. There is an urgent need for
the improvement and standardization of forensic methods and techniques.?
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A67 Differences in Self-Reported Versus Measured Stature

Kristina Perez, MS*, SUNY Binghamton University, Wantagh, NY; Samantha Esposito, MS, SUNY Binghamton University, Poughkeepsie, NY; Jennifer
Sare, MA, SUNY Binghamton University, New Orleans, LA; Katherine Wander, MPH, PhD, SUNY Binghamton University, Binghamton, NY

Learning Objective: After attending this presentation, attendees will develop a better understanding of the differences between reported and measured
stature in adults. This has implications for contexts in which stature estimates are employed, including identification of unknown remains.

Impact Statement: Self-reported stature tends to be higher than measured stature.’> This presentation will impact the forensic science community by
updating this literature with a broader sample by gender and social race than has previously been considered.

Stature estimation is a key component of a biological profile for unidentified remains and is included on missing persons reports. Inaccurate stature
reporting or documentation hinders identification of remains. Willey and Falsetti demonstrated that an individual’s measured and reported (driver’s
license) stature differs among a sample of primarily White college-aged men.! Using a similar approach among a broader sample of participants, we
compared reported and measured stature among adults in upstate New York. Cardoso et al. compared the relationship between cadaver and living
stature of a population of male cadavers aged 48-58 years.? Our study seeks to replicate previous findings and assess whether they extend to women
and underrepresented minorities.

Following Institutional Review Board (IRB) approval, we recruited 52 adults from among Binghamton University’s students, faculty, and staff, and
compared four estimates of stature: (1) self-reported, (2) reported by a friend or relative, (3) recorded on government identification, and (4) measured
with a Seca 217 stadiometer at the time of participation. Data were analyzed with IBM SPSS Statistics 28.

Participants were somewhat diverse by self-reported race/ethnicity using United States Census categories: 7 Asian, 4 Hispanic, 1 Black or African
American, 32 White, and 8 biracial and were also diverse by gender: 33 women, 12 men, and 7 non-binary. On average, participants over-estimated
stature (self-reported) by 0.36 inches (95% CI: 0.132, 0.589). Family members and close friends similarly overestimated a participant’s stature by 0.53
inches (95% CI: 0.197, 0.871). We did not observe this disparity for drivers’ licenses (-.06 inches; 95% CI=-0.322, 0.198). Our findings suggest that
in-person reports tend to overestimate stature; however, stature estimates taken from driver’s licenses or other government identification are generally
accurate.

In sum, stature reported by participants and their families and friends tended to overestimate their measured stature. This could confound efforts of
identification when comparing biological profiles to missing persons reports, but additional research is needed in this area; such reported statures should
be relied upon with caution. Small differences between reported and measured stature are unlikely to make a consequential difference for forensic
identification, as forensic stature estimation typically includes a +/- 4-inch range. Differences may be more consequential in a medical setting if patients’
estimates are substituted for measurement of stature in, for example, estimation of body mass index. Additional interdisciplinary research with diverse
populations is warranted to inform use of reported and measured stature in medical and forensic contexts.
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A68  An Osteometric Approach to Separating Commingled Pelvic and Foot Joints

Helen Brandt-Litavec, MS*, Binghamton University, Owego, NY

Learning Objective: The goal of this presentation is for attendees to develop a better understanding of osteometric sorting techniques applied to
commingled joint surfaces. Additionally, attendees will understand how to adapt current osteometric sorting models to novel joint areas.

Impact Statement: This presentation will impact the forensic community by expanding upon currently available osteometric sorting models to two
additional joints in the body.

Commingled human remains can result in a significant loss of information regarding the individuals present and make the biological profile difficult
to establish. One common technique for separating commingled remains at joint surfaces is osteometric sorting; however, current models have only
been applied to large joints of the body, for instance the hip or knee, while smaller joints, namely the Sacroiliac (SI) or first Tarsometatarsal (1st TMT)
joint, are unable to be sorted.! Osteometric sorting separates commingled joints with a singular width measurement; however, linear measurements
may be limited in their ability to describe the entirety of joint surfaces."? Therefore, this study’s first hypothesis is that commingled individuals can be
sorted at the SI and 1st TMT joints using osteometric sorting. The second hypothesis is that the joint surface area values will exclude more potential
matches than the width measurements.

The measurements and surface area values were calculated from virtual models created at the William M. Bass Donated Skeletal Collection. Fifty-six
individuals’ left os coxa, sacra, medial cuneiforms, and first metatarsals were scanned with an EinScan-Pro 2x+ Handheld Surface Scanner. Each
articular surface was cropped from the virtual model, and the widest portion of each facet was measured with the distance tool, while the surface area
was calculated using the compute area function in Geomagic® Wrap 2017. The measurements were recorded in a Microsoft® Excel® Workbook, where
the osteometric sorting models were also calculated.! Four reference samples were formed to generate the models: SI width (Model 1), SI surface area
(Model 2), 1st TMT width (Model 3), and 1st TMT surface area (Model 4). Each sample was composed of 51 known individuals with varying
demographics. Shapiro-Wilk tests were conducted to identify any outliers. These four models were then used to identify commingled individuals in the
four test samples. Each test sample consisted of 5 known individuals and 20 artificially commingled pairs. Each model’s efficiency was calculated as
an indicator of overall success at determining the correct classification rate of true positives and negatives.? In all test samples, several potential pairs
were excluded through the implementation of the new models. Model 1 was the least efficient (0.28) and only eliminated 10% of the commingled pairs.
Model 2 was the most efficient (0.72) and correctly rejected 65% of the commingled pairs. Further, two of the true SI joints were correctly reassociated
using Model 2. Model 3 excluded 60% of the commingled pairs; however, it also eliminated one of the true matches (efficiency=0.64). A similar result
occurred for Model 4, where only 45% of commingled pairs were rejected as well as one true match (efficiency=0.52).

In sum, these results illustrate that osteometric sorting can help exclude potential matches at these particular joints. The first hypothesis was supported,
as the new models did effectively reduce the number of potential pairs. However, the second hypothesis could only be supported for the SI joint, as
Model 3 was more efficient than Model 4. It is possible that the overall efficiency is lower than established models due to the small size of the reference
samples.? If future researchers are interested in osteometric sorting at these joints, then the reference sample sizes should be increased.

This research is funded by the NIJ Award 2020-R2-CX-0025.
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A69  An Automated Deep-Learning Approach to the Segmentation of Vascular Pore Systems and Osteocyte
Lacunae in Virtual and Traditional Histologic Datasets

Medhat Hassan, BSc, Memorial University of Newfoundland, St. John’s, Newfoundland and Labrador, CANADA,; Joshua Taylor, BSc, Memorial
University of Newfoundland, St. John'’s, Newfoundland and Labrador, CANADA; Janna Andronowski, PhD*, Memorial University of Newfoundland,
St. John’s, Newfoundland and Labrador, CANADA;

Learning Objective: The goal of this presentation is to describe the use of a novel method for the automatic segmentation of high-resolution micro-
Computed Tomography (LCT) and histologic data. Related objectives include: (1) demonstrating the effectiveness of a trained deep learning model
compared to traditional segmentation methods, (2) evaluate its potential to eliminate observer error, (3) reduce data processing times, and (4) assess its
application to a host of anthropologically relevant high-resolution data.

Impact Statement: This presentation will impact the forensic science community by informing attendees that automatic segmentation using deep
learning algorithms has the potential to increase the efficiency of virtual and traditional histologic data segmentation and to reduce user inconsistency,
error rates, and subjectivity in bone microstructural feature identification used in histologic age-at-death estimation.

The products of bone remodeling (e.g., resorption spaces, Haversian canals, secondary osteons) and features of bone’s cellular network (e.g., osteocyte
lacunae) are evaluated in histologic age-at-death estimation methods and the assessment of bone quality. Automating the segmentation of these
structures in histologic data has the potential to significantly reduce data processing times for large datasets while simultaneously improving results
compared to traditionally employed methods.

The described model employed UNet++ Convolutional Neural Network architecture and was trained on synchrotron pCT data of human left sixth rib
specimens in ORS Dragonfly (Object Research Systems Inc., Montreal, Canada).' Bone tissue specimens were procured via collaboration with an
American organ procurement non-profit organization. The donors ranged in age from 21-54 years-at-death (mean age=38 years), and included healthy
and pathological bone specimens (e.g., osteoarthritis, osteoporosis) to produce a robust semantic segmentation model.

Multi- Regions Of Interest (ROIs) were used to train the novel UNet++ deep learning model. Dragonfly’s ROI thresholding function, morphological
operations, and manual brush tools were used to produce multi-ROIs containing two individual segmentation layers (for pores and lacunae) from 12
randomly selected samples. After training, the model was applied to new samples, and segmentation results were compared to those of a traditional
segmentation method used for pCT data.

The traditional segmentation method employed is described by Andronowski and colleagues.? The data were binarized with a global threshold and
artifacts removed with a despeckling feature. Lacunae and pores were selected using 2,743 voxels as the delineating line. 3D and individual object
analysis packages recorded morphometric data for the entire sample and individual objects within the sample, respectively.

Independent sample #-tests were conducted in SPSS (v. 28.0.0.0) using six test samples segmented by each model. Variables were considered significant
with a p-value < 0.05. Pore number (p-value < 0.001), lacunar volume (p-value < 0.001), lacunar surface area (p-value=0.040), lacunar diameter
(p-value < 0.001), and pore surface area (p-value=0.014) were significantly different between models. The difference in lacunar number
(p-value=0.105), pore volume (p-value=0.129), and pore diameter (p-value=0.198) were not statistically significant. An additional sample was used as
a basis for comparing segmentation accuracy between the two automated models. The error rate was calculated by quantifying the mislabeled pixels
compared to a user-generated manual segmentation. For lacunae, UNet++ had an error rate of 37.9% while the traditional method had an error rate of
67.7%. For pores, UNet++ had an error rate of 3.9% while the traditional method failed to acquire any pores.

Automatic segmentation using deep learning algorithms has the potential to increase the efficiency of virtual and traditional histologic data segmentation
and to reduce user inconsistency, error rates, and subjectivity in bone microstructural feature identification used in histologic age-at-death estimation.
Future work will build upon this foundation to further automate the workflow and improve accuracy of segmentation, while more thoroughly evaluating
the accuracy of the trained deep learning model in segmenting histological features relevant to age-estimation in forensic anthropology.
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Procurement and Analysis for Synchrotron Micro-CT. J. Vis. Exp. 61081 (2020) doi:10.3791/61081.

Image Processing; Deep Learning; Micro-Computed Tomography

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 106 -



\/ Anthropology—2023

A70  When Bone Lights Up: A Novel Way of Labeling Proteins and Cells and Its Potential Uses

Ashley Smith, MSc*, University of Toronto, Mississauga, Ontario, CANADA

Learning Objective: After attending this presentation, attendees will have learned about an updated and simplified manner of labeling selected bone
proteins and cells as well as some potential uses for labeling.

Impact Statement: This presentation will impact the forensic science community by demonstrating the ability and need to understand all aspects of
the bone, and that, of two potential uses for the method, new techniques in areas of postmortem interval calculation and trauma analysis can be devised.

Bone is not a singular material but is rather made up of constituent parts. Among those parts are hydroxyapatite and collagen; however, when we go
deeper into bone, we see that it is made up of additional elements, including various proteins and cells. Two of the bone proteins, osteocalcin and
osteopontin, are necessary for the binding of the hydroxyapatite to the collagen. Specifically, osteocalcin binds hydroxyapatite to osteopontin, and
osteopontin binds osteocalcin to type I collagen. In addition to these bone proteins, various cells play a role in the development and maintenance of
bone. Specifically of interest in this presentation are osteoclasts, principally responsible for the resorption of bone, including damaged areas.

While labeling of proteins is nothing new in bone and mineral research, its use in forensic science is still somewhat novel. Further, almost universally,
such labeling is conducted using decalcified bone. The method presented here uses undecalcified bone and can be applied to forensic samples with
limited pre-treatment before labeling and imaging. The same can be said for the osteoclast imaging, though admittedly the common research protocol
does not mention the decalcification process; thus, it is believed that undecalcified bone was used.!

The method developed utilized iliac bone biopsies of 12 individuals collected by the Centre Hospitaller de I’ Université de Montréal, in Montréal, QC,
and divided into three sections per individual, yielding a total of 36 thin-sections. These sections were segregated in such a way that 12 were used for
the labeling of osteocalcin, 12 for osteopontin, and 12 for osteoclasts. The osteocalcin and osteopontin samples were then soaked for 30 minutes in a
neutral phosphate buffer solution, then labeled for the respective protein. For the osteocalcin, the samples were initially stained in basic fuchsin, then
an osteocalcin polyclonal antibody was used in conjunction with goat anti-rabbit IgG AlexaFluor™ 488 secondary antibody, while the osteopontin
utilized the osteopontin monoclonal antibody with a goat anti-mouse AlexaFluor™ 555 secondary antibody. Osteoclasts were labeled following the
Coxon method, first incubating the samples in a solution of phosphate buffer solution mixed with 0.5& v/v Triton™ X-100, and then staining with basic
fuchsin stain and labeling with a solution of 10% Bovine Serum complete with MitoTracker® Red FM Dye in a phosphate buffer solution.! Upon a
one-hour soak in the solution, the samples were then highlighted using the goat anti-rabbit IgG AlexaFluor™ 488 secondary antibody.

Imaging was conducted using a Carl Zeiss™ LSM800 laser scanning confocal microscope. Two of the four available channels were used including the
488nm and 555nm channels. Imaging was first collected using a 10x objective, and then gradually moving to 40x and 64x to obtain the best images
and quantifications. Individual image parameters such as laser power, and gains were all optimized individually to produce the best images. Analysis
was conducted using Carl Zeiss™ Zen Blue® Lite 3.4, as well as FIJI/Image]. While the uses of this methodology are limitless in our understanding of
human bone, concurrent research using these methods are studying its use in the development of a postmortem interval as well as a better understanding
of trauma analysis, specifically trauma timing. Preliminary data has shown there is a decline in the number of proteins and cells present in bone fixed
at later dates than previous ones, and the labeling has demonstrated a potential congregation of cells and separation of proteins along break areas.

Reference:
1.~ Coxon FP. Fluorescence imaging of osteoclasts using confocal microscopy. In: Helfrich MH, Ralston SH, editors. Bone Research Protocols. 2nd
ed. New York: Springer; 2012;401-24.
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A71 A Preliminary Investigation of Relationships Between Cortical Porosity and Fracture Type in Human
Tibiae

Mary Cole, PhD¥*, Injury Biomechanics Research Center, The Ohio State University, Columbus, OH; Amanda Agnew, PhD, Injury Biomechanics
Research Center, The Ohio State University, Columbus, OH,; Savannah McAdow, Injury Biomechanics Research Center, The Ohio State University,
Columbus, OH; Carla Goldsmith, BS, Injury Biomechanics Research Center, The Ohio State University, Columbus, OH; Angela Harden, PhD, Injury
Biomechanics Research Center, The Ohio State University, Columbus, OH

Learning Objective: After attending this presentation, attendees will understand the importance of investigating microstructural variables in relation
to skeletal trauma.

Impact Statement: This presentation will impact the forensic science community by presenting innovative and unique methods to develop explanatory
mechanisms of fracture pattern variation through an analysis of porosity and cross-sectional areas in human tibiae.

Skeletal trauma analysis is often largely dependent on description, with little interpretation of mechanisms contributing to observed variation in fracture
patterns. The Organization of Scientific Area Committees for Forensic Science has identified controlled experimental bone trauma studies as an
anthropological research need. Specifically, the role of intrinsic bone features in fracture pattern variability is currently unknown. The goal of this
research is to investigate whether porosity and cortical area have relationships with fracture types in human tibiae experimentally loaded in 3-point
bending.

Fourteen human tibiae (males n=7 [49-74 years old, mean=64.85], females n=7 [41-79 years old, mean=62.57]) were impacted at Sm/s in a lateral-
medial direction at the 50% site. The resulting fracture types were classified as simple (n=3), wedge (n=8), or multifragmentary (n=3). Undecalcified
cross-sections from the 66% site were histologically prepared and imaged at 40X magnification on an Olympus® VS120 slide scanner. All histological
image analyses were conducted with a custom ImageJ macro, Pore Extractor 2D, which facilitates computer-assisted identification of cortical borders
and pore spaces.' Cortical area was quantified for each section, then corrected for porosity as bone area. Quantification of pore morphometry included
percent porosity, pore density, and pore size and shape descriptors.

Overall, trends in cortical area and pore morphometry demonstrated variation within the sample according to fracture type. Multifragmentary fractures
were associated with a lower percent porosity (13.4 £ 0.8%) than simple (25.3 + 7.2%) or wedge (21.9 £ 9.7%) fractures. Mean pore area was also
reduced in tibiae with multifragmentary fractures (0.010 = 0.003mm?2) compared to simple (0.022 + 0.008mm?2) or wedge (0.020 = 0.014mm?2)
fractures. Conversely, pore density was increased in tibiae with multifragmentary fractures (13.5 = 3.7mm2) compared to simple (11.7 £ 1.7mm2) or
wedge (12.9 + 3.4mm?2) fractures. Tibiae with multifragmentary fractures also had greater bone area (55.7 = 1.6%) than those with simple (51.1 +
3.9%) or wedge (49.5 + 8.9%) fractures. While pore morphometry did not significantly vary between any predictors (age, sex, fracture type) or their
interactions, age-associated increases in percent porosity, pore density, pore size, and pore shape distortion were observed. Principal components
analysis identified a separation between multifragmentary and simple fracture types along PC1 (60.9%). This dimension corresponded to mean pore
size, percent porosity, and pore density, as opposed to mean pore shape descriptors in PC2 (27.5%).

These findings suggest that elevated porosity, the convergence of discrete pore systems into large voids, and the reduced areal fraction of bone tissue
may facilitate less complex fractures, such as simple or wedge types; however, these preliminary findings should be confirmed in a larger sample size.
Future work will continue to explore relationships between fracture types and pore morphometry, as well as incorporate cross-sectional areas and
associated pore types in a more complex analysis to further understand fracture variation and mechanism.

Reference:

I Cole ME, Stout SD, Agnew AM. 2021. Pore Extractor 2D: An ImageJ plugin for identification, classification, and regional characterization of
cortical pores on histological bone images. The 90th Annual Meeting of the American Association of Physical Anthropologists. Am. J. Phys.
Anthropol. 174(S71): 20-21.

Cortical Porosity; Bone Histology; Fracture Analysis

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 108 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

A72  Analyzing the Language Used in Forensic Anthropology Population-Affinity Reporting

llaisah Martinez, BA*, University of West Florida, Cincinnati, OH, Allysha Winburn, PhD, University of West Florida, Pensacola, FL; Sean Tallman, PhD,
Boston University, Boston, MA

Learning Objective: After attending this presentation, attendees will understand how forensic anthropology practitioners translate the output of a
commonly used tool for estimating population affinity into continental, ethnic, racial, and/or regional terms.

Impact Statement: This presentation will impact the forensic science community by contributing to the ongoing dialog surrounding how, and whether,
to report population affinity.

Forensic anthropologists frequently estimate decedents’ biological profiles: their age, sex, stature, and social or biogeographic group membership. Yet,
the terms used when reporting the latter category differ, referencing social, ethnic, regional, and continental groups. Reporting terminology has the
potential to inform not only identifications but also public perceptions of these groups’ biological realities (and the lack thereof). This study investigated
whether standardization exists in forensic anthropological reporting of population affinity.

Participants were recruited via email listservs for a Qualtrics® survey. The survey asked participants to report their gender, social race, highest degree,
certifications, and work context. Participants were then shown three FORDISC® outputs and told to interpret them as though they were the end state of
one of their own metric group-affinity analyses; they were asked to provide a brief statement reporting the results of each output.! Study hypotheses
held that: (1) reporting terminology would lack standardization; and 2) respondents from systematically marginalized racial groups would be more
critical of the practice of affinity estimation.

Of the 48 survey participants, the majority were “female” or “woman” (n=32; 67%) with doctoral degrees (n=36; 75%); nearly half (n=23; 48%) were
D-ABFA, and most worked in academia (n=12; 25%), medicolegal or government contexts (n=9; 19%), or some combination of the three (n=15; 31%).
Most reported their race as “Anglo,” “European/European-American” or “White” (n=38; 79%). Eight of the remaining ten respondents identified as
“Asian,” “Biracial,” “Black,” “Hispanic,” “Indigenous,” “Latino,” “Mexican,” or “N/A I don’t abide by social race categories.”

The three FORDISC® simulations involved comparisons with the Forensic Databanks’s “Black,” “Hispanic,” and “Japanese” female groups. In all
three, most respondents used reporting terminology that mirrored those racial, ethnic, and regional group names. For example, in a simulation involving
a two-group comparison with “Japanese” and “Hispanic” females, 16 of the 27 respondents who completed the simulation used one or the other of
these terms in their reporting (59%); however, 12 of 27 (44%) translated the FORDISC® group names into terms reflecting continental ancestry (i.c.,
“Asian” rather than “Japanese” [note: percentages total >100 due to overlap between respondents who used both FORDISC’s® regional/ethnic
terminology and continental terminology]). Further, when asked which group-membership categories they estimate, 23 of 28 reported ancestry, 14
population affinity, 2 race, and 1 ethnicity. These results support the hypothesis that population-affinity reporting terminology lacks standardization.

Five of the eight respondents who did not identify as “White” (63%) ended their survey after the demographics section, without completing the
FORDISC® simulation—over twice the frequency of “White” respondents who did so (26%). Two began the FORDISC® simulation but expressed
lack of confidence in their responses due to limitations of the simulation (25%); again, over twice the frequency of “White” respondents who expressed
lack of confidence (10.5%). Though hindered by small sample size, these findings provide limited support for the hypothesis that practitioners from
systematically marginalized racial groups would be more critical of population-affinity estimation—or at least, less willing to complete a FORDISC®-
based survey.

Differing approaches, unstandardized terminology, and practitioner critiques create confusion surrounding what forensic anthropologists are truly
estimating when they analyze and report population affinity. The continued reference to “ancestry”—even when continental-based reference groups
are not included in the analysis—perpetuates the incorrect notion that human skeletal variation follows continental boundaries. Practitioners who choose
to report population affinity should come to a consensus regarding approaches, define the terms they use, and eschew harmful and outdated continental
typologies.

Reference:
I Jantz RL, SD Ousley (2005) FORDISC 3.1: Computerized Forensic Discriminant Functions. Knoxville, TN: The University of Tennessee.
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A73  Assessing Usage Variability in FORDISC®

Sage Pletka, BS*, University of Indianapolis, Marquette, MI

Learning Objective: After attending this presentation, attendees will have a better understanding of the variability in usage of FORDISC®, a computer
software program that estimates population affinity using discriminant function analysis. FORDISC® is a flexible software that allows the user to
specify many of the parameters to be used in the classification process, which necessitates data and discussion on how it is implemented in casework.

Impact Statement: This research will impact the forensic science community by looking into the variability in how the parameters of FORDISC® are
selected, which may have implications for the classification outcome and therefore reproducibility. Very little previous research has rigorously
examined how FORDISC® is being used in actual forensic casework and if there are large amounts of variation in how the program is run. To answer
these questions, we have surveyed self-identifying forensic anthropologists to get concrete data on whether there are large differences in usage between
practitioners in the field.

The push in forensic science for standardization has meant for forensic anthropology that biological profile methodology has had to move away from
expert opinion and qualitative approaches to statistical-based approaches with the quantification of uncertainty via error rates, validation studies, etc.
Population affinity, a parameter of the biological profile estimated by some practitioners, uses multivariate trait/measurement expression distributions
of populations to estimate group belonging. One of the most common United States methods to do so is FORDISC®, a computer program which is
used to estimate typicality and the posterior probability of an unknown cranium belonging to reference groups based on craniometric measurements.'

FORDISC® is a powerful tool that allows the user to specify many parameters of the model such as groups used, number of measurements used, the
use of personal datasets, the removal of outliers, and more. It is assumed that the reason for this is to allow for the nature of forensic remains that can
be damaged or incomplete, the inclusion of contextual information to be used in the analysis, and to allow the user to stay within the assumptions of
the statistical functions as best as possible. While this flexibility gives much power to the user, it also brings the potential for much variability in how
the program is used, which has implications for outcomes and, therefore, reproducibility. The use of this statistical model is undoubtedly a step forward
beyond classical “trail list” approaches to the estimation of population affinity. However, since there is significant potential for the model itself to be
used differentially, it ought to be to be tested if practitioners do use it differently and how this may affect results.

Data for this study are based on responses to an anonymous survey distributed on the AAFS Anthropology section listserv. The survey asks general
demographic questions such as work environment, caseload, education level, and if the participant utilizes FORDISC® in forensic casework. A total of
23 participants took the survey, of which 18 were active forensic anthropologists who use FORDISC® in casework. Results indicate relatively high
consistency in parameters such as the narrowing down of populations by sex estimation as opposed to running both sex categories and starting with all
possible “ancestral groups” before analysis. Areas that show relatively low consistency in use include whether practitioners use the same process
between analyses or not, how variable number and stepwise selection are used, and whether outliers are removed from the analysis. It should be noted
that all topics asked about had some variability in use, but some were split much more evenly. This indicates that the allowance of freedom in statistical
analysis will lead to differential use of the model, and more work needs to be done to understand how this will affect classification outcomes.

Reference:
I Qusley S, Jantz R. (2013). FORDISC® 3. Rechismedizin, 23(2), 97-99. https://doi.org/10.1007/s00194-013-0874-9.
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A74  Evaluating Expertise in Forensic Anthropology

Nicholas Passalacqua, PhD*, Western Carolina University, Cullowhee, NC,; Marin Pilloud, PhD, University of Nevada, Reno, Reno, NV; MariaTeresa
Tersigni-Tarrant, PhD, Saint Louis University/SNA International for DPAA, Bruce Township, MI; Natalie Langley, PhD, Mayo Clinic, Scottsdale, AZ

Learning Objective: After attending this presentation, attendees will understand how expertise is evaluated within disciplines and recognize the utility
of credentials and certification for demonstrating expertise.

Impact Statement: This presentation will impact the forensic science community by highlighting the difficulties in identifying disciplinary experts
and the need to clearly define qualifications and recognize the value of forensic anthropology expertise in medicolegal death investigations.

Forensic scientists’ expertise is evaluated by peers, attorneys, law enforcement, judges, juries, and the public. During testimony, we are considered
“expert witnesses,” but what defines expertise, and how do we assess it? Collins and Evans developed a model of expertise that defines Specialist Tacit
Knowledge as the requisite knowledge to be a practitioner in a discipline.! Specialist Tacit Knowledge consists of two forms of expertise: interactional
and contributory. Interactional expertise represents the ability to interact meaningfully with contributory experts performing disciplinary work, while
lacking the technical knowledge to perform it oneself. Contributory expertise is the highest level of expertise and represents an individual with sufficient
knowledge of a subject area to interact with other experts at a complex level and perform complex tasks competently.>3 Contributory expertise must
be developed through enculturation with other contributory experts.!

We examined interactional expertise in forensic anthropology by posing questions (n=11) about the discipline and its practice to 27 voluntary
participants with varying degrees of experience in forensic anthropology. The authors ranked the respondents’ forensic anthropology expertise using a
five-point scale ranging from “expert” to “no knowledge” based on their certification, education, and experience in the discipline. All interviews were
recorded and transcribed for anonymization. Next, seven voluntary research participants with varying backgrounds in forensic anthropology evaluated
the transcripts to determine the level of expertise of the respondents. Evaluators used the five-point scale to rate each of the answers individually and
provided an overall rating of perceived expertise in forensic anthropology for each respondent. Evaluators were also asked to identify cues or
information they used to reach their assessments. Consistency between evaluators’ ratings was calculated using a weighted Cohen’s kappa. Polychoric
and tetrachoric correlations, and Cohen’s kappa were used to examine the relationship between perceived and actual expertise.

Results indicated there was little to no agreement between author-assigned expertise based on credentials and experience, and the expertise level
assigned by the evaluators based on respondent answers (polychoric correlation=-0.027; Cohen’s kappa=0.32). The correlation increased when
expertise rankings were dichotomized into expert and non-expert (tetrachoric correlation=0.45; Cohen’s kappa=0.49). Generally, a moderate correlation
was found between scores for each answer and the overall rated expertise by the evaluators. The questions most highly correlated with author-rated
expertise focused on methods (e.g., FORDISC® and subadult age estimation) and standards development within the discipline. Inter-rater agreement
was variable, ranging from concordance smaller than chance, to a weighted kappa of 0.62, and was unrelated to evaluator expertise level. Factors most
often reported to assess expertise included the use of discipline-specific terminology and overall length of the answers.

These results indicate that accurately identifying expertise in forensic anthropology may be challenging for both experts and non-experts, at least based
on interactional or oral (i.e., non-practical) assessments. The difficulties in distinguishing contributory and interactional expertise highlight the
importance of credentials and certification in demonstrating expertise for the purposes of forensic anthropological casework and testimony. Our results
suggest that individuals working within the criminal justice and medicolegal death investigation systems (e.g., judges, lawyers, law enforcement) may
have difficulty identifying an expert in forensic anthropology without appropriate credentials and/or certification. As we have argued elsewhere, it is
necessary to establish disciplinary expertise via certification, with licensure being the next logical step.*° The full and permanent integration of certified
forensic anthropology experts into medical examiner’s offices may alleviate the burden on stakeholders attempting to identify experts from a pool of
practitioners who may or may not have the necessary expertise.

This project was approved by the institutional review boards of all authors’ institutions.
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A75  The Ceremonial Use of Human Remains: Palo Monte in Maricopa County, Arizona

Andrew Seidel, PhD*, King County Medical Examiner’s Olffice, Seattle, WA; Laura Fulginiti, PhD, Maricopa County Office of the Medical Examiner,
Phoenix, AZ

Learning Objective: After viewing this presentation, attendees will be familiar with the ways in which human skeletal remains have been incorporated
into ceremonial objects used within Palo Monte as practiced in Maricopa County, AZ, as well as useful contextual clues for assessing the medicolegal
significance of such remains.

Impact Statement: This presentation will impact the forensic science community in two primary ways. First, it will detail the skeletal and taphonomic
features used to assess the medicolegal significance of the skeletal remains incorporated into ceremonial objects. Second, it will document regional
variation in terms of the contents and associations of the items incorporated into objects used within the practice of Palo Monte.

Concerned about the medicolegal significance of human skeletal remains that had been incorporated into ceremonial objects, law enforcement
transported the objects in question to the Maricopa County Office of the Medical Examiner for evaluation. These included four containers fashioned
from the posterior portions of different cranial vaults as well as five heavy ceramic bowls filled with earth—several of which had evident human
skeletal elements visible on their surface. Following radiographic assessment, these ceramic bowls were transferred to Anthropology to facilitate the
excavation and documentation of their contents. Based primarily on taphonomic indicators (e.g., the removal of the cranial vault using a sectioning cut
such as those used during autopsy or for the preparation of teaching specimens, the numbering of skeletal elements, patina, odor, etc.), the skeletal
remains were determined to not be of medicolegal significance.

For comparative purposes, this presentation focuses on the largest and most complex of the bowls. Photographs and written descriptions of its contents
and their spatial relationships to one another are provided as well as, where possible, a discussion of the potential symbolism associated with these
items. Moreover, the contents of these containers are compared to those documented within published reports originating along the eastern coast of the
United States. While similarities between the cases clearly indicate a shared set of practices, the incorporation of novel items, such as Mexican currency
and archaeological tools, demonstrate that Palo Monte is a living tradition that is fully capable of taking on characteristics of its practitioners and their
local cultural contexts. Forensic anthropologists should be aware of the dynamic nature of these practices so that they may anticipate and document
their regional variability. Familiarity with the different ceremonial practices that incorporate human skeletal remains will allow forensic anthropologists
to address questions of medicolegal significance more efficiently when they arise.

Palo Monte; Forensic/Non-Forensic; Human Remains
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A76 In Science We Trust? An Analysis of Demographic Factors Influencing Faith in Forensic Science

Allysha Winburn, PhD¥*, University of West Florida, Pensacola, FL; Andrea Palmiotto, PhD, Indiana University of Pennsylvania, Indiana, PA;
Christine Pink, PhD, Western Michigan University Homer Stryker M.D. School of Medicine, Kalamazoo, MI; Carrie LeGarde, MA, Defense POW/MIA
Accounting Agency, Omaha, NE; Carrie Brown, PhD, Defense POW/MIA Accounting Agency, Offutt AFB, NE

Learning Objective: After attending this presentation, attendees will understand that factors like social race and forensic-science experience can
influence an individual’s perceptions of forensic science.

Impact Statement: This presentation will impact the forensic science community by calling for clear science communication and commitment to
continuing theoretical and methodological improvement.

Forensic science is a source of interest to the lay public, with televised, streaming, and podcast content often focusing on its practice. Yet it is unknown
to what degree forensic-science conclusions are trusted by non-practitioners versus actual forensic practitioners, nor how social demographic factors
affect trust in the forensic sciences.

Using listservs and social media, participants both with and without forensic expertise were recruited for an Institutional Review Board (IRB) -approved
Qualtrics® survey. Respondents (n=370) were asked to report their age, gender, race, level of forensic-science experience, forensic-science
specialization (if relevant), and level of trust in the forensic sciences. The following hypotheses were tested: (1) non-practitioners would express greater
trust in the forensic sciences than practitioners; and (2) respondents from majority racial and ethnic groups would express greater trust in the forensic
sciences than respondents from systematically marginalized groups, regardless of forensic expertise.

No respondents reported being “completely mistrustful” of the forensic sciences, and few reported having “limited” trust; 98% of 52 non-forensic
respondents and 96% of 318 forensic respondents reported either “considerable” or “complete” trust. However, statistically significantly more of the
non-forensic respondents reported “complete” trust in forensic science conclusions (27%, vs. 13% of practitioners) relative to “considerable” trust
(71%, vs. 83% of practitioners; Chi-squared test; p=0.015). When forensic anthropologists were analyzed separately, they had the lowest rates of
“complete” trust of all groups (10%), though differences between anthropologists (n=185) and other forensic specialists (n =133) were not significant
(Chi-squared test; p=0.219).

Fifteen respondents reported no race category(s). Forty-nine reported group identities that have been historically and systematically marginalized in
the United States social context, including (respondent quotes): “African American,” “Asian,” “Biracial,” “Black,” “Hispanic,” “Indian Asian,”
“Latinx,” “Mexican,” “Middle Eastern,” “Native American,” “Puerto Rican,” and “Southeast Asian.” Contradicting the second hypothesis, more of
these respondents expressed “complete” trust in the forensic sciences than the 302 “Caucasian”/“European”/“White” respondents (20% vs. 14.5%),
though the difference was not statistically significant (Chi-squared test; p=0.399).

In essence, this survey’s lay respondents trusted forensic science significantly more than did the forensic scientists themselves. Given the popularity of
the forensic sciences in the media, and their often-unrealistically positive portrayal, this finding is unsurprising. Contrarily, the finding that Black,
Indigenous, and People of Color (BIPOC) commonly expressed “complete” trust in forensic science is indeed surprising. Globally, BIPOC experience
more racism and socioeconomic discrimination than do White people—systemic inequities that extend to law enforcement and, by extension,
medicolegal systems. Yet, lived experiences necessarily differ between individuals, a topic that remains unexplored in this study due to the small
sample of BIPOC respondents. A more in-depth, qualitative study should examine how differing experiences of race influence levels of trust in the
forensic sciences.

These findings demonstrate the perpetuation of overly high public expectations for forensic science. This has been recognized as a problem for trial by
jury and other medicolegal contexts for many years, yet little headway has been made in shaping more realistic expectations. With their holistic training,
forensic anthropologists are well poised to communicate with stakeholders clearly about such factors as cognitive bias, method error, probability, the
theory-laden nature of the facts they produce, and the unreality of pure scientific objectivity. They might also capitalize on public interest (e.g., host a
podcast exploring forensic science myths and misconceptions). Complementing these approaches, practitioners can elevate their science to approximate
juror expectations by committing to continued theoretical, technological, and methodological improvement.

Forensic Anthropology; Science Communication; Race

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 113 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

A77  An International Validation Study of Artificial Intelligence (AI) -Guided Craniofacial Superimposition in a
Contemporary Population Sample

Rosario Guerra MartAi, PhD*, Panacea Cooperative Research, Granada, Andalucia, SPAIN, Oscar Ibadniez, PhD, University of A Coruiia, A Coruiia,
Galiciaa, SPAIN,; Gennifer Goad, PhD, Florida Institute of Forensic Anthropology and Applied Science at the University of South Florida, Tampa,
FL; Rubén Martos, PhD, University of Granada, La Zubia, Andalucia, SPAIN, Enrique Bermejo, PhD, University of Granada, Granada, Andalucia,
SPAIN; Andrea Valsecchi, Panacea Cooperative Research and DASCI, Capoterra, Sardegna, ITALY; Evin Kimmerle, PhD, USF-IFAAS, Lutz, FL

Learning Objective: After attending tis presentation, attendees will better understand the state of the art in Al-guided craniofacial superimposition
and the latest developments in the automation of the different steps of the technique. Attendees will be presented with the results of an international
validation study of this methodology and learn about the various factors that can influence the accuracy and reliability of the application of the technique.

Impact Statement: This presentation will impact the forensic science community by providing an insight into the state of the art in Al-guided
craniofacial superimposition. Attendees will gain insight into newly developed tools employed by multiple researchers around the globe over an
unprecedented number of comparisons to put its accuracy and reliability to the test. Additionally, this presentation will provide the forensic science
community with a replicable validation study for craniofacial superimposition.'

Craniofacial superimposition is a forensic technique that aims to identify unknown found human remains through the comparison of an overlay of a
skull 2D or 3D image with one or more antemortem facial photographs of a missing person. The expert tries to correlate the morphological relationship
of the cranial and facial structures to determine, with a reasonable degree of confidence, whether they belonged to the same person.

Despite its potential, the spread of the technique has been limited because it involves tedious, manual, and repetitive tasks that heavily rely on the
knowledge of the expert, and the evaluation of the correspondences can be a subjective and error-prone process. However, for the past decade,
researchers from Panacea Cooperative Research and the University of Granada have been researching and developing automatic Al-guided methods
in each stage of the process, with the resulting algorithms and tools being added into Skeleton-ID, a comprehensive software tool for human
identification.

With the goal of validating the technology, we were granted access to contemporary, real-life cases from the University of South Florida (USF) donated
skeletal collection. Using Skeleton-ID and following the Methodologies and Protocols of Forensic Identification by Craniofacial Superimposition
(MEPROCS) consortium standards, ten participants were asked to solve a 25 Postmortem (PM) vs 25 Antemortem (AM) scenario. With 47 photographs
in the sample, the number of skull-face overlays to perform and evaluate exceeded 1,000 for each participant. To reduce the workload, an automatic
ranking that lists candidates from most to least likely to have belonged to the same person was used. To test the accuracy of the ranking, participants
were asked to evaluate the first three listed candidates, reducing the comparisons from 1,175 to 141.

In this work, we present the results and insights relayed by the participants and assess the reliability of the proposed Al-guided methodology, while
providing the scientific community with a replicable validation study for craniofacial superimposition over an unprecedented number of problems,
surpassing 1,000 comparisons.

Reference:
I Damas S, Cordén O., Ibafez O. (2020). Handbook on Craniofacial Superimposition: The MEPROCS Project. (1 ed.) Springer .
https://doi.org/10.1007/978-3-319-11137-7.

Craniofacial Identification; Craniofacial Superimposition; Artificial Intelligence

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -114 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

A78  The Life-Long Immobility Effects on Skeletal Morphology: A Case Study Involving Cerebral Palsy

Megan Carroll, BS* Northern Michigan University, Marquette, MI; Kerianne Armelli, PhD, Kent State University, Mentor, OH; Jane Harris, PhD,
Northern Michigan University, Marquette, M1

Learning Objective: After attending this presentation, attendees will have an increased understanding of the effects that a lifelong, non-ambulatory
condition can have on the human skeleton.

Impact Statement: This presentation highlights the influence of Cerebral Palsy (CP) on skeletal remains in an effort to provide practitioners with a
better understanding of how this, and other disease states and pathology, can influence both skeletal health and skeletal analysis. This presentation will
impact the forensic science community by sparking discussions on how we as forensic anthropologists can best serve decedents with health disparities
in our casework.

A holistic understanding of skeletal development and pathology is imperative within the field of forensic anthropology to better serve our communities
and decedents. While forensic anthropologists are well-trained in the assessment of biological profile and trauma interpretation on overall skeletally
healthy individuals, few have access to remains of decedents with known pathologies, disorders, or disabilities that may heavily influence the
development and condition of skeletal material. This presentation will impact the forensic science community by raising awareness, especially among
forensic anthropologists, of how CP may present in the skeleton and how long-term immobility of an individual can affect bone remodeling and bone

quality.

In the United States, it is estimated that 1.5-3.0 in every 1,000 individuals has CP.! Although the effects of CP are greater in subadults as the disability
can affect proper growth and development, this lifelong disability results in permanent effects on skeletal health. This set of neurological disorders
often leads to an imbalanced use of the limbs and, as a result, an increase in osteoarthritis and osteoporosis.>> Along with these two disease states, the
bone may see a decrease in density and develop an overall abnormal morphology. This conglomerate of skeletal changes must be understood by the
forensic anthropology community to serve CP decedents, especially in the context of medicolegal death investigations.

The focus of this study is an adult individual with CP whose donated remains are currently located at the Northern Michigan University (NMU) Forensic
Anthropology Research Laboratory. The authors present a list of abnormal skeletal characteristics that were observed and appear to be directly related
to the decedent’s CP and have the potential to influence the assessment of the biological profile, trauma, and taphonomy. Additionally, the this study
presents distinctive plastic deformation of the ribs that appears to be related to the donor’s prolonged fixed positioning prior to death, as well as some
remarkable examples of antemortem trauma affecting the ribs, femur, and humerus.

References:

- Sadowska M, Sarecka-Hujar B, Kopyta 1. Cerebral Palsy: Current Opinions on Definition, Epidemiology, Risk Factors, Classification and
Treatment Options. Neuropsychiatr Dis Treat. 2020 Jun 12;16:1505-1518.

2 Haak P, Lenski M, Hidecker MJC, Li M, Paneth N. 2009. Cerebral palsy and aging. Developmental Medicine & Child Neurology, 51, pp.16-23.

French ZP, Torres RV, Whitney DG. 2019. Elevated prevalence of osteoarthritis among adults with cerebral palsy. Journal of Rehabilitation

Medicine, 51(8), pp.575-581.
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A79  The Mississippi Office of Forensic Laboratories (MOFL) Missing and Unidentified Persons Repository
Project: A Collaborative Success Story

Anastasia Holobinko, PhD*, Office of the State Medical Examiner, Pearl, MS; Mary Jones Dukes, MS, MBA, Mississippi Office of Forensic
Laboratories, Pearl, MS; Staci Turner, MD, Office of the State Medical Examiner, Biloxi, MS

WITHDRAWN
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A80  The Georgian Recovery, Documentation, and Identification Project: Preliminary Results From a Mass
Grave Excavation

Meri Gonashvili, MD, MSc*, Georgian Association of Forensic Anthropology, Thilisi, T bilisi, GEORGIA; Kelly Kamnikar, PhD*, University of New
Mexico, Marana, AZ; Nicholas Herrmann, PhD, Texas State University, San Marcos, TX; Nino Tavartkiladze, MS, Tbilisi State University, Tbilisi,
T’bilisi, GEORGIA; Tea Takniashvili, MD, Georgian Association of Forensic Anthropology, Thilisi, T bilisi, GEORGIA; Buba Chachkhiani, MS,
Tbilisi State University, Thilisi, T bilisi, GEORGIA; Keegan Beane, BS, Texas State University, San Marcos, TX

Learning Objective: After attending this presentation, attendees will be familiar with the Georgian Recovery, Documentation, and Identification
Project (GRDIP) as part of a humanitarian collaborative effort between the Georgian Association of Forensic Anthropology (GAFA), Michigan State
University (MSU), and Texas State University (TXST).

Impact Statement: This presentation will impact the forensic science community by discussing forensic archaeology in Georgia and the use of
advanced mapping techniques to document the excavation of individuals from a mass grave, preserving context in which to interpret physical evidence.
This project sheds light on a repressive historical period in Georgia and represents one of the first professional archaeological investigations of a grave
from this period. Data and evidence collected during our investigations will be used to clarify the fate of the missing.

In August 2021, the GRDIP collaborative completed excavation of a mass grave containing 28 people in the Adjara Region in Georgia. The grave was
one of five located on an old Soviet-era military base, suspected to date to the late 1930s, during Stalin’s Repressive period known globally as the Great
Terror. During this time, Joseph Stalin and the Soviet Government were responsible for the disappearance of over 1,000 people in Georgia alone.? In
2017, based on informant information, the Batumi Eparchy trenched the area looking for mass graves.®> Four mass graves were located and excavated,;
however, the individuals were removed without systematically recording contextual information. As a result, the authenticity of the graves and the
period they relate to has been scrutinized by academics and historians. A fifth grave was found, but not excavated due to protests that the previous
excavations did not follow scientific protocols and were not performed by trained experts.

During the August 2021 excavation, various mapping and photogrammetry techniques were implemented to document and record the excavation,
minimizing commingling of smaller elements like hands and feet, creating specific mapping points and labels for artifacts, preserving the physical
evidence associated with the grave and the contextual evidence of each individual. The positioning of bodies individually and collectively suggests
intentionality, which can be visualized with individual and collective photogrammetry models. Furthermore, mapping points collected by the total
station for each individual documenting elevation and positioning of the head, shoulders, elbows, hands, hips, knees, and feet on the body can be
overlaid with photogrammetry models to understand each individual’s position relative to the grave. A Harris Matrix was created to document the
stratigraphic and relative position of each individual within the grave.

With careful scientific documentation of this mass grave from the Adjara Region in Georgia, we were able to scientifically record individuals while
excavating a mass grave. The process collectively helped to minimize commingling and allows for reconstructing individual placement. We stress the
importance of these techniques for future excavations in the region under the supervision of qualified experts like the GAFA with the support of the
GRDIP collective to preserve contextual information for further studies and historical documentation.

References:

- Luarsabishvili V. A brief history of the Great Terror in Georgia. Revista de Historia Actual, 2017;14:175-183.

2 Avalishvili L. The “Great Terror” of 1937-1938 in Georgia: Between the Two Reports of Lavrentiy Beria. Caucasus Analytical Digest, 2010;22:2-6.
3 Agenda.ge. 2020. Remains of Victims of Soviet Repression Identified. https://agenda.ge/en/news/2019/958 (accessed August 15, 2020).
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A81  From a Simulated Environment to Real-Life Applications: Human Identification on Maxillary Sinus
Morphologies

Teresa Runge, MSc*, Liverpool John Moores University, Liverpool, ENGLAND; Matteo Borrini, PhD, Liverpool John Moores University, Liverpool,
ENGLAND

Learning Objective: After attending this presentation, attendees will understand the potential of morphological assessments of maxillary sinuses for
identification determinations.

Impact Statement: This presentation will impact the forensic science community by correlating a potential human identification method on maxillary
sinus morphologies in a simulated and real-life environment.

Introduction: Analyzing skeletal structures for human identification is a major forensic procedure.! Visual comparisons of antemortem and
postmortem radiographs are often used as a basis for identification. Maxillary sinuses display a high morphological variability and can be used for
identification by examining morphologies on antemortem and postmortem radiographs as found with measurements and volumetric approaches.?
Furthermore, they offer quick results as the features frequently appear on dental overview images.> However, before morphological comparisons of
maxillary sinuses can be used to identify remains, the system’s applicability must be verified.

This study aims to correlate study results of maxillary sinus morphological comparisons in a simulated environment as well as a real-life environment
to further understand the applicability of maxillary sinus morphologies in human identification.

Materials and methods: Samples in the study using a simulated environment include a total of 600 maxillary sinuses sampled on Computed
Tomography (CT) and X-ray images from nine populations. The sample of the real-life environment used differently aged X-ray images of eight
individuals, made available from two populations. All individuals used were over 20 years of age and showed no pathological changes in the
maxillofacial area. Analyses of the images were performed separately for the right and left maxillary sinuses. Sinus morphologies got extracted in the

software SHAPE™ ver. 1.3, applying Elliptic Fourier Analysis. Ante- and postmortem data of extracted morphologies were analyzed using Euclidean
and Mahalanobis distances.

Results: Both studies of simulated and real-life environments found extremely low Euclidean distances for matching ante- and postmortem morphology
pairs. Those close distances function as preliminary cut-off values between matching and non-matching sinus pairs and could make an application in
forensic cases possible. Notably, cut-off values in real-life applications are higher than in the simulated environment. Therefore, those accumulated
cut-off values could potentially be used as a threshold providing information about the degree of sinus morphological matching. Correlations of
Mabhalanobis distances support these results.

With matching morphologies only between each antemortem and postmortem morphology of the same individual, correlations of the two studies
support and encourage the future application of maxillary sinus morphologies on radiographic images for human identification.

References:

- Amin MF, Hassan EI. (2012) Sex identification in Egyptian population using Multidetector Computed Tomography of the maxillary sinus. Journal
of Forensic and Legal Medicine, 19 (2), 65-69.

Xavier TA, Dias Terada ASS, da Silva RHA. (2015) Forensic application of the frontal and maxillary sinuses: A literature review. Journal of
Forensic Radiology and Imaging, 3 (2), 105-110.

3 Altug HA, Ozkan AP. (2011) Diagnostic Imaging in Oral and Maxillofacial Pathology. In: Erondu, O.F. (ed.) Medical Imaging.
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A82  Computer-Assisted CT/R Identification (CACTI®)

Sharon Derrick, PhD*, Texas A&M University-Corpus Christi, Corpus Christi, TX; Ruby Mehrubeoglu, PhD, Texas A&M University-Corpus Christi,
Corpus Christi, TX; Omer Sevinc, PhD, Texas A&M University-Corpus Christi, Houston, TX

Learning Objective: Attendees will learn about the progress of the CACTI® Project, a collaboration between computer engineers, computer scientists,
a Computed Tomography (CT) nuclear physicist, and forensic anthropologists to develop a new forensic image-matching software program.

Impact Statement: This CACTI® presentation will impact the forensic science community by examining the potential usefulness of this software for
identification of the completely unknown decomposed or skeletal decedent medical examiner/coroner cases.

The number of people in the United States who die without a name is increasing.! Many of these decedents are indigent and homeless. Others have met
with violence or a mass fatality natural event. Decomposed or skeletal decedents received by medical examiner/coroner offices without an associated
name are typically the most difficult identification cases, especially if there is no family reference sample in Combined DNA Index System (CODIS).
Standard radiographic or dental identification methods are useful in these cases, but they require a tentative name to find comparison records. Although
radiographic surveys and CT scans are commonly performed as diagnostic tools, especially in emergency departments, the records cannot be accessed
without an identifying name and date of birth.> Recent advances in Artificial Intelligence (AI) methods and tools are available to support the
implementation of deep learning algorithms for a novel identification software model.

In this study, a novel Al-based approach is investigated for the potential to search a large database of antemortem radiology records and generate a
statistically based “shortlist” of the best possible matches with the unknown decedent. This presentation describes the results from a comparative
analysis of the implementations of three Al networks, including a custom Convolutional Neural Networks (CNN) model, a Resnet-50 transfer learning
model, and a Siamese model that incorporates Triplet Networks. More specifically, image processing and CNN methods have been incorporated and
the New Mexico Decedent Image Database has been used to train and test the deep learning models.? The custom CNN model, the Resnet-50 transfer
learning model, and the Siamese models have been tested separately on the dataset and the results compared. The custom model consists of 7 layers,
the Resnet-50 has 50 layers, and the Siamese model incorporates 8 layers. The custom model runs with 50 epochs whereas the other networks are
executed for 100 epochs.

The findings show that the Siamese model provides the most accurate results compared to the other models with low loss value in predicting the
similarity of the image with those held in the database. The Resnet-50 and the Custom CNN models require the whole dataset to be retrained when new
data is acquired, creating challenges in expanding databases. To overcome such problems, a novel Siamese network-based architecture that incorporates
Triplet Networks was implemented, which not only eliminates new training requirements, but based on the experimental results, also performs better
than the other methods. Triplet Network was implemented as a deep learning algorithmic solution to identify the top ten best matches to an unknown
input image based on a similarity measure. As the name implies, three input sample images are required as the anchor sample, positive sample, and
negative sample. The model easily distinguishes dissimilarities between the target (picked) image and the images in the dataset. The preliminary results
of setting up and testing the algorithms to identify best matches to a skull test radiographic image are presented. Results show that the Siamese model
gives better accuracy results than the other models with an accuracy of 0.82, where the custom CNN model and Resnet-50 give accuracies of 0.65 and
0.7, respectively.

References:

- https://namus.nij.ojp.gov/, Unidentified Persons Search, accessed 31/07/2022.

2 https://idataresearch.com/over-75-million-ct-scans-are-performed-each-year-and-growing-despite-radiation-concerns/, accessed 31/07/2022.

3 The New Mexico Decedent Image Database https:/nmdid.unm.edu/https:/nmdid.unm.edw/https://nmdid.unm.edu/, Download Images, accessed
31/07/2022.
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A83  Forensic Identification Using Craniofacial Superimposition: Estimation of Facial Soft Tissue Depth Using
Machine Learning Techniques

Carlos Sanchez-Muiioz, MSc, University of Granada, 18071, Andalucia, SPAIN; Pablo Mesejo, PhD*, University of Granada, Panacea
Cooperative Research and DaSCI, Granada, Andalucia, SPAIN; Sergio Damas, PhD, University of Granada, Granada, Andalucia, SPAIN

Learning Objective: The goal of this presentation is to inform attendees of the application of novel machine learning techniques to estimate Facial
Soft Tissue Depth (FSTD).

Impact Statement: An accurate estimation of FSTD is crucial in craniofacial identification studies. This presentation will impact the forensic science
community by informing attendees that our machine learning approach outperforms traditional methods based on the average criterion.

The FSTD is a relevant measure in facial reconstruction and craniofacial superimposition, and it is used to estimate the position of facial landmarks
from the corresponding landmarks on the skull. When tackling craniofacial superimposition as a craniofacial landmarks matching problem, the FSTD
is traditionally calculated as the average depth per landmark from a certain sample of a particular population. In this presentation, we propose avoiding
the mere use of this average, and substitute this strategy by the regression of a series of 3D landmarks on the face from 3D landmarks on the skull in
order to estimate the thickness of the soft tissue that separates the skull from the face for each particular individual. The dataset employed includes
cranial and facial landmarks of 500 living individuals, along with their sex and age.

The problem tackled in this paper is extremely challenging because of the reduced number of available data (which limits the amount of training
examples); the large number of missing values (37% of all feature values); the lack of an initial alignment of the skulls (so the available data are not
directly comparable and usable); or the absence of a clear consensus in the scientific community about acquiring and labeling the landmarks, among
other issues. In terms of regression analysis, the landmarks in the skull would be the independent variables, or predictors, and since the final objective
is the estimation of the soft tissue, the landmarks on the face or the thickness itself would represent the dependent variables. Different regression
methods are compared (K-nearest neighbors, multilayer perceptron, regression forest, support vector regression, and partial least squares), and the
benefits of using imputation techniques for the missing values and feature selection to choose the set of landmarks to train with, as well as the impact
of adding additional landmarks and biological profile information (like sex and body mass index) are studied.

Our results suggest that machine learning models can overcome the average criterion (our baseline) by around 10% error. We also verify that the
introduction of biological profile information, such as sex and body mass index, provides a remarkable improvement in terms of performance (5—10%).

Facial Soft Tissue Depth; Regression Problems; Machine Learning
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A84  The Utility of Digital Bone Loss (DBL) for Biological Profile Reconstruction in Forensic Anthropology

Yangseung Jeong, PhD* Middle Tennessee State University, Murfreesboro, TN; Shannon Velasquez, BS, Middle Tennessee State University,
Murfreesboro, TN, Leslie Gonzalez, BS, Middle Tennessee State University, Murfreesboro, TN, Casey Tomlin, BS, Middle Tennessee State University,
Murfreesboro, TN; Marcus Luciano, Middle Tennessee State University, Murfreesboro, TN, Eun Jin Woo, PhD, Sejong University, Seoul, Seoul-
t 'ukpyolsi, SOUTH KOREA

Learning Objective: After attending this presentation, attendees will understand what DBL is and how it can be used in forensic anthropology.
Additionally, a new method for sex and age estimation of the Korean population using DBL will be introduced to the attendees.

Impact Statement: This presentation will impact the forensic science community by introducing the utility of a new methodological tool (i.e., DBL)
to be used by forensic anthropologists working on Computed Tomography (CT) images.

Recently, 3D imaging technology has attracted interest from many forensic anthropologists as a non-invasive assessment tool.! Moreover, rapidly
evolving 3D image processing software contributes to the wide use of 3D data (e.g., CT images). Among the common functions incorporated in those
software programs is to segment a part of a CT-scanned individual by defining upper and lower thresholds of intensity and selecting the tissues
corresponding to the range of intensity (a.k.a. “threshold effect”). Since bones are the hardest tissue in a body, the lower threshold for bone segmentation
is generally set high so that other types of tissues can be excluded; however, increasing the lower threshold inevitably results in a loss of part of the
bones having the intensity below the lower threshold. In this study, DBL is defined as the partial bone loss by increasing the lower threshold while the
threshold effect is performed. Bone density of living people varies by age and sex in the way that it decreases as one gets older, and males tend to have
greater densities than females of a similar age group.? This study hypothesizes that DBL can be used as a proxy of actual bone density and, when two
different lower thresholds are applied to the same bone, greater DBL will be observed in older people (compared to the younger people) and in females
(compared to males). The goal of this study is to test this hypothesis and find the most appropriate lower thresholds for sex and age estimation purposes.
Additionally, regression equations for sex and age estimation of the Korean population using DBL will be devised. CT scans of the left os coxae and
femora from 112 Korean individuals (62 males, 50 females) were used. In 3D Slicer, bones were segmented using four different lower thresholds (450,
500, 550, and 650 for the os coxae; 350, 450, 550, and 650 for the femora), and their 3D models were constructed. After obtaining the number of faces
constituting each 3D model in CouldCompare, DBL was calculated as follows: DBL(p/q)=[(#faces in model P - #faces in model Q) x 100]/(#faces in
model P) (where 3D models P and Q are produced using the lower thresholds p and q, respectively)

Female os coxae show a significantly greater DBL than males for all thresholds except for p/q=550/600. Correlation between age and DBL varies
depending on the sex and thresholds. In the femora, significant sexual differences were noted only at p/q values of 350/450, 450/650, and 550/650. Age
is correlated with DBL only in females for p/q=550/650. Overall, in terms of accuracy, the femur was a better indicator for sex and the os coxa was a
better age indicator. As for age estimation, females achieved a greater accuracy than males. Detailed values and equations for sex and age estimation
will be provided in this presentation. This presentation introduces a new methodological tool that can be used as a proxy of bone density. Since the
concept of DBL is easy to understand and its calculation is quick and simple using open-source software, DBL has great potential to be used among
forensic anthropologists working on CT data.

References:

1. Jeong Y, Woo EJ, Lee S. 2020. Bibliometric analysis on the trend of the computed tomography (CT)-related studies in the field of forensic science.
Appl. Sci 10(22): 8133.

2 Alswat KA. 2017. Gender disparities in osteoporosis. J Clin Med Res 9(5): 382-387.
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A85  Through the Looking Glass: The Application of Aspartic Acid Racemization to Age Estimation in a
Spanish Sample

Sara C. Zapico, PhD*, New Jersey Institute of Technology, Newark, NJ; Douglas Ubelaker, PhD, Smithsonian Institution, Washington, DC

Learning Objective: After attending this presentation, attendees will consider the possibility of applying aspartic acid racemization in combination
with forensic anthropology methodologies to improve age-at-death estimation.

Impact Statement: This presentation will impact the forensic science community by providing an extensive study of the applicability of this technique
to a Spanish sample and its accuracy for age estimation.

Age estimation represents one of the fundamental parameters in forensic anthropology in creating the biological profile toward the correct identification
of an individual. This parameter is particularly important in mass disaster scenarios where skeletons are often incomplete, which makes the correct
identification of the victims difficult. Teeth are frequently preserved long after all other tissues have disappeared and are often used to estimate
characteristics like age at death.

There are several approaches to estimate the age at death in adult individuals. Forensic anthropology macroscopic techniques are non-invasive methods
for this purpose. Although the combination of several of these methods has improved the estimates, still in certain cases the difference between
chronological and predictive age may still be around +10 years. New research trends are focused on the inherent process of aging, which produces
changes in tissues and organs at different biochemical levels. One of the oldest and most studied approaches in this field is aspartic acid racemization.
This is based on the conversion, with the age, of the amino acids in their regular L form into their specular form, D. If these D-amino acids are introduced
in metabolically stable proteins, these produce changes in their biological and chemical activities, leading to the degenerative changes of aging. Aspartic
acid has the fastest racemization rate and for that reason it is the chosen amino acid when applied to this technique.

The accuracy of aspartic acid racemization in age estimation has been widely demonstrated; however, only a few studies have assessed its accuracy in
different populations. The aim of this research was to assess the accuracy of aspartic acid racemization in a Spanish sample and its applicability to
forensic cases.

Fifteen healthy erupted third molars from two Spanish populations (ages 19—70 years) were collected from dental clinics. The Smithsonian Institution’s
ethical committee approved all procedures related to experimentation with human subjects. The teeth were cleaned, and the enamel and cementum
were removed. The dentin was isolated, mechanically ground, and divided into aliquots of 200mg each. Then, each aliquot was subjected to chemical
derivatization to detect D and L forms of aspartic acid through gas chromatography/mass spectrometry, according to a previously published protocol.
D/L ratios were calculated and, after the application of a regression analysis, a formula for age estimation was developed. The results were similar to
previous studies, obtaining an R=0.91 between racemization ratios and age and a Mean Absolute Error (MAE) between chronological and predictive
age of 5 years. These results were ratified by leave-one-out cross-validation, as well as the application of the formula to five teeth of a known age.
Despite these promising results, this technique is not exempt from drawbacks; for example, since racemization is an enzymatic reaction, it accelerates
by fire, so it cannot be applied to corpses exposed to fire.

Future studies will be able to expand on these results, using different types of teeth, analyzing other populations, and extending the age range in order
to apply this methodology to forensic cases and to combine it with forensic anthropology findings.

Age-at-Death; Aspartic Acid Racemization; Spanish Sample
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A86 Informative Priors Produce Precision-Accuracy Tradeoff in Dental Developmental Age Estimation

Valerie Sgheiza, MA, MS*, University of Illinois At Urbana-Champaign, Champaign, IL

Learning Objective: After attending this presentation, attendees will better understand the effects of Bayesian priors and the correlation matrix on
estimates of age.

Impact Statement: This presentation will impact the forensic science community by providing guidelines for choosing an optimal prior when
conducting Bayesian age estimates. This presentation will also serve as the introduction to a publicly available R package for estimating developmental
age from the dentition.

Bayesian methods have seen increasing use in dental age estimation; however, dedicated study of priors has been limited. In Bayesian statistics, the
prior encompasses the analyst’s knowledge of the system before collecting data. In age estimation, the prior consists of the expected age distribution
of the population of the unknown individual, such as all forensic cases in a region. The downstream effects of reference sample on age estimates via
the model correlation matrix are also not well understood. Ages were estimated from individuals in the New Mexico Decedent Image Database
(NMDID) using four different Bayesian priors and nine model correlation matrices with a full factorial design.! To avoid effects of overfitting, all
model fits were performed on a sample of living dental patients from London, England. The hypotheses tested were that an informative prior would
produce more precise and accurate estimates of age and the best performing correlation matrix would be that from the largest reference sample.

The model fitting dataset consisted of dental development scores of left mandibular permanent teeth from 880 London children 3-21 years old.> A
Bayesian cumulative probit model was fit to the full sample, each half sample split by either sex or ancestry (Bangladeshi or European) and each quarter
sample split by sex, for a total of nine model fits. The validation dataset consisted of 381 dental development scores from NMDID publicly available
from the Stull lab Subadult Virtual Anthropology Database.? Teeth in the lowest stage in the NMDID sample were rescored by the author to match
crypt staging in the London sample. Ages were estimated in the NMDID validation sample with a multivariate normal likelihood, one of four priors
(uniform, National Missing and Unidentified Persons System [NamUs] missing persons, Centers for Disease Control and Prevention [CDC] total
mortality, and CDC homicides) and one of nine correlation matrices (one from each model fit) for a total of 36 rounds of age estimation. The remaining
model parameters were from the London model fit to the full 880-individual sample. Performance of each matrix-prior combination was assessed using
residual error, 95% High Dynamic Range (HDR) width relative to true age, and 95% HDR success rate at capturing the true age of the individual.

The uniform prior consistently produced the largest age intervals, smallest residuals, and success rates similar to missing persons and total mortality.
The homicide prior consistently produced the smallest age intervals, lowest success rates, and largest residuals. The total mortality prior had residuals
similar to the homicide prior but intermediate age intervals. The missing person prior had intermediate residuals and interval widths. Residual error
had similar results across all nine matrices. Age interval width was larger for matrices from samples containing girls than from those exclusively
derived from boys. The opposite trend was seen for success rate. In general, matrix-prior combinations with larger age intervals had lower residual
error (correlation = -0.784) and higher success rates (correlation = 0.581). In conclusion, choice of Bayesian prior and correlation matrix represents a
tradeoff between precision and accuracy. While the model correlation matrix may not always be under a practitioner’s control, when choosing between
informative and uninformative priors for age estimation, practitioners should consider whether the accuracy of the point estimate or the precision of
the age interval is more important in a particular application.
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A87  Risser’s vs. Schulz’s Sonography Staging for Medicolegal Age Estimation in the Living

Mohit Chauhan, MBBS, MD*, Government Medical College & Hospital, Chandigarh, Chandigarh, INDIA; Anil Aggarwal, MBBS, MD, Forensic
Medicine and Toxicology, MAM College, New Delhi, Delhi, INDIA

Learning Objective: After attending this presentation, attendees will be familiar with the two established staging methods (Risser’s and Schulz’s) of
estimating age in the living through ultrasound. Attendees will learn about the conduction of ultrasonography at the iliac crest, which is an important
anatomical site to deduce ages in medicolegally significant age groups, otherwise in conflict with the law in heinous crimes.

Impact Statement: This presentation will impact the forensic science community by helping attendees infer conclusions about the long-lasting and
decisive impact carved out by ultrasonography as a modality of age estimation in medicolegally important age groups of 14-21 years in the living
human population, in the past and for years to come.

Background: The long-yearned endeavor of researchers all over the world to validate the best modality for age estimation in living populations remains
unaccomplished. Radiography is the gold standard technique in this regard. Ultrasonography is prone to an inherent subjectivity regarding opinion
about the findings related to age-estimation, or otherwise. Despite this, it is the front-runner modality, which is rigorously assessed by various studies
to find its suitability to be the first choice for age estimation in living as part of clinical forensic medicine. This is highly relevant in lieu of the issues
of radiation hazards and the high cost associated with sophisticated techniques like tomography and magnetic resonance imaging. These factors inspired
the author to conceptualize the testing of ultrasonography for two staging methods of age estimation. It was a step even ahead of the inter-modality
testing of ultrasonography in comparison to tomography and magnetic resonance imaging for age-estimation in living.

Purpose: This study was intended to assess the validity of ultrasonography for age estimation at a site that is highly relevant in determining decisive
ages in medicolegal cases.

Objective: This study aimed to compare Risser’s and Schulz’s staging of age estimation by ultrasonography at the iliac crest for age estimation in
living.

Materials and methods: The ultra-sonography was conducted at a frequency of 12.5 MHz by using a Philips® HD-I 11 Machine with a linear probe,
in a study group of 60 patients (32 male and 28 female). The individual scan of each patient was evaluated with respect to Risser’s and Schulz’s staging
that has been defined for epiphyseal ossification. The data for Risser’s and Schulz’s staging was evaluated by SPSS 17.0 and EPI-INFO software,
respectively.

Results: The classification of the ossification by both the staging methods of the iliac crest epiphysis was possible in all 60 cases. By Risser’s staging,
the minimum age for ossification Stage I was 12.6 years—females, 14.5 years—males; Stage Il was 14.6 years—females, 16.5 years—males; Stage 111 was
16.6 years—females, 18.5 years—males; and Stage [V was 18.6 years—females and 20.5 years—males. The full union was observed at the minimum age
of 20.6 years. By the Schulz’s staging, the minimum age for ossification for Stage I was12.1 years—females, 10.8 years—males and Stage II was 13.0
years for both the sexes. The earliest age of the ossification for Stage III was 17.0 years—females and 15.0 years—males, which for Stage IV was 22.0
years for both the sexes.

Conclusion: It is clearly seen that the detection of the appearance of the ossification center was possible earlier for the initial stages of the epiphyseal
ossification (Stage I and II) by Schulz’s staging than Risser’s staging. It may prove to be highly important in the proceedings of the cases of heinous
crimes perpetrated on females, or otherwise, where estimation of decisive ages within a narrow bracket is of much essence and requirement of the
natural justice. The author humbly asserts that it is now high time to revamp the system of age estimation with not just the consideration of
ultrasonography as the modality of first choice, but by validation of this technique by Schulz’s staging of epiphyseal ossification for the medicolegally
important ages of 14-21 years.
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A88 Radiographic Age Estimation Based on Vertebral Degenerative Changes

Bradley Adams, PhD, Office of Chief Medical Examiner, New York, NY; Stephanie Fuehr, MA*, University of Central Florida, Orlando, FL,; Fransheska
Olivares-Perez, MS, Office of Chief Medical Examiner, Bronx, NY; Alexandra Semma Tamayo, MSc, Binghamton University, Binghamton, NY

Learning Objective: After attending this presentation, attendees will better understand a new method to estimate age from a radiographic evaluation
of specific vertebrae.

Impact Statement: This presentation will impact the forensic science community by introducing an aging method that will assist in the determination
of the biological profile for unidentified decedents. This method will be especially useful in age estimation of older adults and may eliminate the need
for skeletal sampling in medical examiner cases where advanced degenerative changes are radiographically observed in the lower thoracic and/or upper
lumbar vertebrae.

Age estimation is an important component of decedent identification. Anthropologists frequently assist in this role through gross examination of skeletal
elements, such as clavicles, ribs, and pubic symphyses.'-* For fleshed bodies, this requires removal of these elements and maceration prior to analysis.
A new method was developed using radiographic images to estimate age from degenerative changes of the lower thoracic (T11 and T12) and upper
lumbar (L1-L3) vertebrae. This technique will complement anthropological age estimation methods in young and middle-aged adults and may serve
as a stand-alone method for older individuals.

Existing digital radiographs from a sample of 240 medical examiner cases at the New York City Office of Chief Medical Examiner were randomly
selected for evaluation. The sample includes 120 females and 120 males between the ages of 18 and 101 years. Individuals were targeted in various
age cohorts to keep the sample balanced. All individuals were still fleshed at the time of X-ray, although in some cases there may have been advanced
decomposition. Digital radiographs were evaluated through a web-based Picture Archiving and Communications Systems (PACS) system. Frequently
there were multiple digital images available for a case.

Only the lower thoracic (T11 and T12) and upper lumbar (L1-L3) were evaluated. These vertebrae are more easily visualized on radiograph than other
vertebrae since there is less soft tissue and organ interference in this area of the body. Only cases with at least two scoreable vertebrae were included
in the study. In some cases, full body images were present, which allowed for all five vertebrae to be scored. In other cases, only chest radiographs
were available, which generally permitted full observation of just T11 and T12. Any individuals with surgical intervention of the vertebrae were
excluded. Individuals with pathological conditions unrelated to age (e.g., paraplegia) were also excluded from the study group.

A 3-phased scoring system was determined to sufficiently capture various stages of degenerative changes with minimal inter-observer variation. Phase
1 vertebrae have a youthful appearance without any degenerative changes, Phase 2 vertebrae show some degenerative changes, and Phase 3 vertebrae
have advanced degenerative changes. For each of the selected vertebrae, individuals associated with Phase 1 were generally found to be under 50 years
of age. Individuals in Phase 3 were generally over 60 years of age. Those vertebrae in Phase 2 showed too much age variation to be informative.

An averaged phase score, which factors in the scores of multiple vertebrae, was found to be the most informative value to use with the method since it
provides a more accurate picture of the overall degenerative state. Any averaged score greater than 2 (meaning at least one vertebra had a score of 3),
was always associated with an individual over 50 years of age, and approximately 87% of these cases were 60 years or older. Individuals with an
average score of less than 2 (meaning at least one vertebra had a score of 1) were generally under 50 years of age (approximately 85% of the cases).
Individuals with an average score of 1 (all observable vertebrae scored as Phase 1) were generally under 45 years old (88% of the cases). No significant
differences were found between males and females.

These findings will be especially useful in age estimation of older adults and may eliminate the need for skeletal sampling in medical examiner cases
where advanced degenerative changes are radiographically observed in the lower thoracic and/or upper lumbar vertebrae.
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A89  The Age Changes in Cranial Base Synchondroses in a Cadaveric Population

Melinda Carter, MD, PhD*, Alabama College of Osteopathic Medicine, Auburn, AL; Jordan Coulter, BS, Alabama College of Osteopathic Medicine,
Madison, AL; Rishika Pandey, BS, Edward Via College of Osteopathic Medicine, Auburn, AL; Kevin Hayes, DO, Edward Via College of Osteopathic
Medicine, Auburn, AL

Learning Objective: Attendees will learn from this presentation that there are quantifiable changes in joints of the cranial base that develop and
function differently from cranial sutures commonly evaluated for determining age of adult skeletal remains.

Impact Statement: Results presented here should encourage osteologists to reconsider the value of cranial morphology for age assessment of forensic
skeletal cases. The goal is to contribute to the challenges faced by forensic anthropologists in determining age from skeletal remains of older adults.

This presentation addresses functional histological differences between joint types in the human skull to investigate why one type remains unossified
until later decades. This study tests the null hypothesis that there are no quantifiable osseous changes in the cranial base past 40 years of age.

A review of research published in anthropology, medicine, developmental biology, and forensic science directed the study to focus on the Petro-
Occipital Fissure (POF) and Petro-Sphenoidal Fissure (PSF), synchondroses anterior and posterior to the petrous portion of the temporal bone.
Cadaveric samples were collected from 45 donors (ages 48 to 91 years) approved for research and defleshed using a novel technique for removing
embalmed tissues. An educational skull served as a “control” adolescent. An experienced osteologist developed a scoring system and trained research
assistants to collect data from the endocranial aspect. Observers were blinded to donor information. Composite scores from both synchondroses were
plotted against age at death, and inter-observer variability was calculated.

Synchondrosis ossification and age at death were positively correlated (r=0.4587) with statistical significance (P< 0.05). Inter-observer reliability varied
significantly based on the joint evaluated, with scoring of the PSF having the highest percentage of agreement (69%).

Based on these data, the null hypothesis is rejected. There are quantifiable changes in cranial base synchondroses after the age of 40 years, but the
correlation between age and joint fusion is not clearly linear. Morphological variability in bone along both the POF and PSF can obscure observation
of osseous changes, resulting in higher inter-observer variability. Future research will examine head computed tomographic imaging of patients of
known age and medical history. This will increase the sample size significantly, help include a greater range of subject ages, and will provide a clearer
view of ossification progression along joint margins.

This research aims to identify morphological changes in the skull base related to advanced aging to help refine age estimates of human skeletal remains
from individuals over the age of 40 years. This information is also relevant to osteopathic clinical practice and neurosurgery on mature adult patients,
since undergraduate medical students rarely learn about anatomic variability that undoubtedly affects efficacy of manipulative treatment and surgical
approaches.
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A90 Introducing OnSEt: The Ontogenetic Subadult Sex Estimation System

Stephanie Cole, MS*, University of Nevada, Reno, Reno, NV; Elaine Chu, MA, University of Nevada, Reno, Reno, NV; Kyra Stull, PhD, University of
Nevada, Reno, Reno, NV

Learning Objective: After attending this presentation, attendees will be familiarized with OnSEt, a new software program that utilizes skeletal
maturation indicators associated with puberty and traditional morphological sex traits within an ontogenetic framework to estimate sex in subadults.

Impact Statement: This presentation will impact the forensic science community by providing a unique approach to subadult sex estimation that is as
accurate as methods used for adults.

Morphological traits of the skull and pelvis are commonly used for estimating sex from the human skeleton. Currently, these traits are recommended
for application in individuals estimated to be 18 years of age and older; however, these traits are associated with the onset of puberty and, therefore,
should be applicable prior to adulthood. Research has shown that dimorphism in the morphological traits of the skull and pelvis is expressed by 13
years of age."> However, application of these traits in subadults requires age to be estimated, which could result in compounded errors if the age
estimate is incorrect. A better way of deciding if an individual is mature enough for sex to be estimated is to evaluate skeletal indicators associated
with puberty, which can provide insight into the status of maturity without relying on age.>*

A new two-step method for estimating subadult sex has been developed using an ontogenetic framework that will be freely available as a graphical
user interface (The Ontogenetic Subadult Sex Estimation System [OnSEt]) and is anticipated for release in December 2022. Skeletal maturation
indicators associated with puberty are first scored and entered into the OnSEt system, which will generate a random forest model with a Proceed/Caution
outcome to assist in deciding whether an individual is mature enough for sex to be estimated.’ The maturation indicators include: humeral proximal
epiphysis, humeral distal epiphysis, humeral medial epicondyle, ulnar proximal epiphysis, radial distal epiphysis, iliac crest, ischio-iliac epiphysis,
calcaneal tuberosity, and mandibular canine. Visuals of male and female sex trait scores by each maturation indicator are also provided to further aid
in deciding if the individual is mature enough for sex to be estimated. If sex estimation is deemed possible, morphological sex traits of the skull and
pelvis that have been modified for use with immature remains are scored and entered into the OnSEt system and a second random forest model with a
Male/Female outcome will be generated.® The sex traits include: glabella, nuchal crest, mastoid process, mental eminence, supraorbital margin, ventral
arc, pubis morphology, subpubic contour, ischiopubic ramus, greater sciatic notch, preauricular sulcus, and obturator foramen. The OnSEt system will
produce a report including all maturation indicator and sex trait scores, as well as the outcome and posterior probability of each random forest model,
for inclusion in bench notes or case reports.

A sample of 625 subadults (M=386, F=239) aged 8 to 20 years from the Subadult Virtual Anthropology Database was used in the development of
OnSEt. Prior to incorporating the maturation indicators, model classification accuracies for the skull, pelvis, and skull/pelvis combined exceeded 80%.
After incorporating the maturation indicators, model accuracies ranged from 88-98.5%. The high classification rates demonstrate that traditional
morphological sex traits can be accurately applied prior to adulthood when used in an ontogenetic framework and skeletal maturation indicators provide
a valid way to capture maturity without needing to rely on age. Development of the new subadult sex estimation method and its distribution through
OnSEt provides practitioners with a user-friendly interface to include sex as part of the subadult biological profile, ultimately helping to facilitate
identification and improve outcomes in medicolegal death investigations involving children and young adults.

Funding provided by the FSF (Lucas Grant) and NIJ (2015-DN-BX-K409, 2020-R2-CX-0024).
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A91  The Utility of Combining Morphological and Metric Data Into Statistical Frameworks for Classification of
Osteological Sex in the Pubis

Katherine Lane, MA*, University of Central Florida, Winter Park, FL; John Schultz, PhD, University of Central Florida, Department of Anthropology,
Orlando, FL; Donovan Adams, PhD, University of Central Florida, Orlando, FL

Learning Objective: The goal of this presentation is to inform attendees of the impact of data type (morphological, metric, or combined) on the
classification performance of Logistic Regression (LR) and Discriminant Function Analysis (DFA) for the estimation of osteological sex of the pubis.

Impact Statement: This research will impact the forensic science community by highlighting the potential for developing novel statistical methods by
combining morphological and metric data for the estimation of osteological sex.

Forensic anthropologists estimate osteological sex as a component of the biological profile to aid in the identification of skeletal remains. The pelvis is
argued to be the best indicator of osteological sex due to the obstetric demands placed on the female structure to facilitate childbirth. Within the pelvis,
the pubis is frequently regarded as the most preferred region from which to estimate osteological sex. Morphological methods are often favored over
metric approaches due to their practicality as well as the difficulty with identifying landmarks on the innominate, though both methods are frequently
independently utilized; however, limited research has investigated the utility of combining data types into statistical frameworks for classification to
generate a single estimate of sex. Therefore, the purpose of this research was to investigate the impact on classification performance when combining
morphological and metric data.

Data sets were collected using established scoring criteria of morphological (ventral arc, subpubic contour, medial aspect of the ischiopubic, and pubic
body shape) and metric (pubic body width, pubic symphysis height, pubic symphysis breadth, maximum pubis length, and minimum pubis length)
variables of the pubis to estimate osteological sex.!”” The sample consists of adult African American and European American females (n=217) and
males (n=241) curated at the William M. Bass Donated Skeletal Collection and the Hamann-Todd Human Osteological Collection. LR and DFA were
selected to analyze the data as they are statistical methods frequently employed in forensic anthropology research and casework. While DFA is
frequently employed, it is not necessarily always applied appropriately, which may impact the model accuracy. Classification statistics were undertaken
on morphological data, metric data, and combined morphological and metric data to assess accuracy rates of each method and data set. The models
were validated either through a training and test sample (LR) or leave-one-out cross-validation (DFA).

Of the two types of data, morphological data outperforms metric data for both LR and DFA. Morphological data results in higher overall classification
accuracies of 99.29% and 98.23% for LR and DFA, whereas overall accuracy rates for metric data are substantially lower at 84.02% and 88.43%.
Additionally, metric data also produces a larger sex bias, with females being less accurately classified than males when relying on metric data alone.
When morphological and metric data were combined, accuracy rates either remained unchanged (LR at 99.29%, overall) or minimally decreased (DFA
at 97.81%, overall) when compared to models that only incorporate morphological data. Further, LR outperformed DFA for morphological (99.29%
vs. 98.23%) and combined (99.29% vs. 97.81%) data sets while DFA outperformed LR for metric (88.43% vs. 84.03%) data.

These preliminary results indicate that combining morphological and metric data into statistical frameworks for classification of osteological sex in the
pubis does not increase the classification performance of either LR or DFA compared to only using morphological traits that already provide very high
classification accuracies. However, this is likely due to the underperformance of metric variables in comparison to morphological data, especially those
of the pubis, which are documented to be highly sexually dimorphic and already have high accuracy rates alone. Metric variables, while more objective,
are also harder to define in a manner that captures the variation in shape between the sexes. However, it would be beneficial to continue exploring the
utility of more metric variables of the pelvis and their performance when combined with the morphological traits of the pubis as well as the remainder
of the pelvis. Additional exploratory research could result in higher classification accuracies of other regions of the pelvis when the pubic regions are
damaged or absent in forensic contexts.
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A92  The Effect of Age on Sex Estimation of the Greater Sciatic Notch Morphology Using Walker in an
Australian Populationl

Angel DesMarais, PhDc*, Millville, MA; Zuzana Obertova, PhD, The University of Western Australia, Crawley, WA, AUSTRALIA; Daniel Franklin, PhD,
Centre for Forensic Anthropology, Crawley, WA, AUSTRALIA

Learning Objective: After attending this presentation, attendees will achieve an awareness of the effects of age on the distribution of Greater Sciatic
Notch (GSN) scores based on applying the Walker method in Australian adults.'

Impact Statement: This presentation will impact the forensic science community by demonstrating an average narrowing of the GSN with age. Not
considering age in sex estimation practice, especially for older females, may lead to an inaccurate assessment.

Sex estimation is a key aspect of a forensic biological profile. The pelvis, being the most dimorphic part of the skeleton, has been studied in considerable
detail relative to morphological and metric variation; however, quantitative data concerning the effect of age on pelvic morphology relative to sex
variation is limited. This study aims to assess whether there are age-related differences in the distribution of the Walker morphological scores for the
GSN in an Australian population.'

Three-dimensional volumetric reconstructions derived from Multidetector Computed Tomography (MDCT) scans of 567 pelves, of 258 females and
309 males, aged 18 to 96 years, were scored using the Walker method.! Differences in score distributions and means by sex and age group were tested
using chi-square and Analysis of Variance (ANOVA), respectively. The accuracy of sex estimates derived from logistic regression equations were
explored and confirmed using leave-one-out cross-validation. In this study, individuals were considered correctly classified as females when scored 1
and 2 and as males when scored 3 to 5, in accordance with Walker’s reported scoring system results.!

Significant differences were found in score distribution and means among age groups in females, but not in males. There was a tendency toward higher
scores (maximum 3) in older females. Males aged 70+ years had on average significantly higher scores (4 and 5) compared with males aged 18-49
years. The overall sex estimation accuracy with, and without, age as a confounding variable was 87.5%. When comparing the age groups 18—49 and
70+ years, the estimation accuracy decreased in females (99% v. 91%), while the opposite was found for males (82% v. 87%).

These findings suggest that age affects the morphology of the GSN and, by association, the scores assigned following Walker’s method.! Higher mean
scores in older females imply that GSN becomes on average narrower with increasing age, which has been previously assumed considering changes of
hormonal levels related to bone metabolism during aging. Walker’s interpretation of young males having lower scores has not been statistically
supported in this study. Rather, older males had on average higher scores than younger males. This may be explained by differences in health and
lifestyle, but also potentially by ancestral composition. To conclude, it is recommended that one considers estimated age when assessing sex based on
the GSN in unidentified human remains. Further research regarding the effect of demographic and health variables on sex estimation would be beneficial
to improve the accuracy of sex estimation.
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A93 A Case Study for the Impact of Gender Affirming Hormone Treatment on the Gross Morphology of the
Bony Pelvis in Gender Variant Individuals

Raphaela Meloro, MA*, University of Florida, 01 Department, Gainesville, FL

Learning Objective: After attending this presentation, attendees will understand how Gender Aftirming Hormone Treatments (GAHTs) may impact
skeletal morphology in gender variant individuals.

Impact Statement: This presentation will impact the forensic science community by giving insight into potential skeletal impacts of the use of GAHTs,
thereby impacting biological profile estimations of unidentified decedents.

Forensic anthropology standards for the estimation of skeletal sex have historically treated assigned skeletal sex as a binary system that is separate
from, but typically aligned with, an individual’s gender identity.'> Although not yet reflected in standards, recent research has addressed the need for
the development of methods inclusive of gender variant populations, recommending changes for the phrasing of sex and gender in osteological reports. -
3 Currently, few studies have investigated the impact of GAHTSs on the gross morphology of the bony pelvis, particularly in relation to the efficacy of
anthropological sex estimation methods.>* Forensic anthropology studies on the impact of GAHTs on skeletal morphology have been limited by the
lack of accessible scan data for direct research. Studies that have investigated the impact of GAHTSs on the morphology of the bony pelvis are typically
of a clinical nature that place the focus of their research on bone density and bone microstructure.>'? These studies have produced inconclusive results
on the effects of GAHTSs on the gross morphology of the bony pelvis, suggesting that further research is warranted.

This case study analyses the impact of GAHTs on the gross morphology of the bony pelvis using metric and non-metric methods. Computed
Tomography (CT) scan data from two transgender individuals who utilized GAHTs in their transition for an extended period of time (> 3 years) were
obtained from the University of Florida Integrated Data Repository. Both individuals had CT scans taken at different time points during their treatment,
with a two-year period between their respective scans, and only began treatment after the age of pelvic fusion. Under non-metric analysis, no major
changes in shape were detected between the scans; however, a geometric morphometric analysis, including a comparative control sample, discerned
slight but present changes in pelvis breadth between the first and second scans of each individual. While both individuals clustered with their sex
assigned at birth in the geometric morphometric analyses, the individual who underwent treatment for the longest period of time slightly shifted toward
more indeterminate morphology. Although future research is warranted, the results of this analysis suggest that GAHTs may produce slight changes to
pelvic shape but that these changes may be difficult to discern when only performing non-metric analyses, highlighting the importance of metric
analysis in sex estimation. Furthermore, this research may suggest that an extended period of time or earlier initiation is needed for GAHTs to impact
the morphology of the bony pelvis.
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A94 A Novel Method for Estimating Sex in New Zealand and Thai Populations Using Enthesis-Based
Osteometrics From the Cranium and Clavicle

Jade De La Paz, PhD*, University of Otago, Department of Anatomy, Dunedin, Otago, NEW ZEALAND; Stephanie Woodley, PhD, MSc, University
of Otago, Dunedin, Otago, NEW ZEALAND, Hallie Buckley, PhD, Univerisity of Otago, Dunedin, Otago, NEW ZEALAND; Sidn Halcrow, PhD,
University of Otago, Dunedin, Otago, NEW ZEALAND,; Nawaporn Techataweewan, MD, PhD, Kohn Kaen University, Khon Kaen, THAILAND

Learning Objective: After attending this presentation, attendees will be familiar with a new metric sex estimation method based on sexual dimorphism
observed in existing morphological methods and osteometrics (skeletal measurements) developed from soft tissue attachment sites (entheses) associated
with the nuchal crest, mastoid process, and rhomboid fossa in European New Zealand and Thai populations.'-

Impact Statement: This presentation will impact the forensic science community by providing a new method for estimating sex from unknown skeletal
remains from European and Asian populations. When working with unknown human skeletal remains, sex estimation can assist with identification of
missing persons. This method has demonstrated >80% correct classification rates in European New Zealand and Thai skeletal samples, meeting the
threshold for use in a medicolegal context.* Additionally, it complements existing methods following recommendations that multiple traits and
approaches should be used to obtain accurate sex estimations.>>8

The aim of this research was to create a metric sex estimation method from the cranium and clavicle based on existing morphological methods, since
morphological scoring can be subjective and require high levels of expertise.!>%1? The addition of a metric method to an overall sex estimation may
improve accuracy by introducing standardized osteometrics that can be applied by less-experienced practitioners. '3

This presentation is part of a larger project, which analyzed relationships between sexual dimorphism and muscle, ligament, and enthesis size through
the dissection and maceration of European New Zealand cadavers donated to the University of Otago (ethics reference, H18/113) and Thai cadavers
donated to Khon Kaen University (ethics reference, HE621296). With these data, osteometrics were developed to create the metric sex estimation
method using univariate and multivariate logistic regression equations. The osteometrics used for this method were chosen separately for each
population based on both significant sex differences and positive correlations to entheses associated with the nuchal crest, mastoid process, and
rhomboid fossa. The equations were then tested on modern documented skeletal samples from New Zealand (H18/113; n=16; seven males, nine
females) and Thailand (HE621296; n=100; 50 males, 50 females) for accuracy.

Using nine measurements (New Zealand sample: three cranial, one clavicle; Thai sample: two cranial, three clavicle), population-specific univariate
equations were developed for estimating sex in these populations. Additionally, multivariate equations using a combination of measurements were
created for the New Zealand (8 equations) and Thai (15 equations) samples. The metric method performed well in both skeletal samples, with total
correct classifications of 88% (New Zealand) and 81% (Thai), when making an overall sex estimate from both univariate and multivariate equations.
The method performed best when considering results from multiple equations together (either univariate, multivariate, or both); however, when using
only single equations to estimate sex, multivariate equations performed best.

The overall recommendation for using this method to estimate sex is to calculate results from multiple equations to complete a final sex assessment.
Further, it is important to apply the appropriate population-specific equations, which have been developed from individuals broadly representing
European and Asian populations, and, therefore, may not be accurate for estimating sex in other populations.* This new method presents a way in which
sex can be estimated in modern European and Asian populations using cranial and clavicle metrics, which complements existing sex estimation methods
and is particularly useful when the pelvis is not present for analysis.!>!317 Further research into how well this metric method estimates sex in various
other European and Asian populations is essential to understanding its full potential for use in forensic anthropology.

References:

- Buikstra JE, Ubelaker DH. Standards for Data Collection from Human Skeletal Remains. Fayetteville, AR: Arkansas Archeological Survey
Research Series No. 44, 1994.

2 Rogers NL, Flournoy LE, McCormick WF. The Rhomboid Fossa of the Clavicle as a Sex and Age Estimator. J Forensic Sci. 2000;45(1):61-7.

Walker PL. Sexing skulls using discriminant function analysis of visually assessed traits. Am J Phys Anthropol. 2008 May;136(1):39-50.

4 Christensen AM, Passalacqua NV, Bartelink EJ. Chapter 8—Sex Estimation. In: Christensen AM, Passalacqua NV, Bartelink EJ, editors. Forensic

Anthropology. San Diego: Academic Press; 2014;199-222.

Navitainuck DU, Vach W, Alt KW, Schibler J. Best practice for osteological sexing in forensics and bioarchaeology: The utility of combining

metric and morphological traits from different anatomical regions. International Journal of Osteoarchaeology. 2021;31(6):987-1000.

Cabo LL, Brewster CnP, Azpiazu JL. Sexual Dimorphism: Interpreting Sex Markers. In: Dirkmaat DC, editor. 4 Companion to Fornesic

Anthropology. West Sussex, UK: Blackwell Publishing Ltd.; 2012;248-86.

Garvin HM. Adult Sex Determination: Methods and Application. In: Dirkmaat DC, editor. 4 Companion to Fornesic Anthropology. West Sussex,

UK: Blackwell Publishing Ltd.; 2012;239-47.

Spradley MK, Stull KE. Advancements in Sex and Ancestry Estimation. In: Latham K, Bartelink E, Finnegan M, editors. New Perspectives in

Forensic Human Skeletal Identification. London, UK: Academic Press; 2018;13-21.

Bigoni L, Veleminska J, Bruzek J. Three-dimensional geometric morphometric analysis of cranio-facial sexual dimorphism in a Central European

sample of known sex. Homo. 2010 Feb;61(1):16-32.

Garvin HM, Ruff CB. Sexual dimorphism in skeletal browridge and chin morphologies determined using a new quantitative method. Am J Phys

Anthropol. 2012 Apr;147(4):661-70.

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -132-



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2023

1. fscan MY. Forensic anthropology of sex and body size. Forensic Sci Int. 2005 2005/01/29/;147(2):107-12.

Meindl RS, Lovejoy CO, Mensforth RP, Carlos LD. Accuracy and Direction of Error in the Sexing of the Skeleton: Implications for
Paleodemography. Am J Phys Anthropol. 1985;68:79-85.

Spradley MK, Jantz RL. Sex estimation in forensic anthropology: Skull versus postcranial elements. J Forensic Sci. 2011 Mar;56(2):289-96.
Klales AR, Ousley SD, Vollner JM. A revised method of sexing the human innominate using Phenice’s nonmetric traits and statistical methods.
Am J Phys Anthropol. 2012 Sep;149(1):104-14.

15 Phenice TW. A newly developed visual method of sexing the os pubis. Am J Phys Anthropol. 1969 Mar;30(2):297-301.

16 Walker PL. Greater sciatic notch morphology: Sex, age, and population differences. 4m J Phys Anthropol. 2005;127(4):385-91.

Klales AR. Chapter 2—Practitioner preferences for sex estimation from human skeletal remains. In: Klales AR, editor. Sex Estimation of the
Human Skeleton. San Diego: Academic Press; 2020;11-23.

Sex Estimation; Osteometrics; Entheses

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author -133 -



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Anthropology—2023

A95 Examining Evolutionary Significance of Population Affinity from Craniofacial Morphological Features

Amber Plemons, MA*, Michigan State University, Lexington, KY

Learning Objective: After attending this presentation, attendees will understand how evolutionary quantitative genetic methods estimate the combined
genetic and climatic influences on craniofacial form and how evolutionary mechanisms control geographic patterning of human variation used in
establishing population affinity.

Impact Statement: This presentation will impact the forensic science community by highlighting the importance of foundational anthropological and
evolutionary theory in shaping forensic methodological approaches for estimating the biological profile. This quantitative genetic modeling aids in
moving the discipline toward a more holistic approach of population affinity estimation by controlling for genetic forces of variation to explore
influences of novel variables in an empirical way.

Anthropology is shifting from reductionist approaches associated with ancestry estimation and toward a more holistic approach that estimates
population affinity beyond simply trying to measure genetic relationships.' To achieve this, forensic anthropologists can adopt evolutionary modeling
from other ecological and biological disciplines to examine other potential forces responsible for patterns in human population variation while building
this relatively new theoretical approach.

This research applied a Bayesian Sparse Factor Analysis of Genetic Covariance Matrices (BSFG) model from quantitative genetics, which controls for
genetic population structures to examine climatic influences on craniofacial morphological variation. Here, the influence of temperature, absolute
humidity, and the degree of annual fluctuations in temperature and humidity was examined on cranial Macromorphoscopic (MMS) trait expression
between a series of nine geographic populations on a global scale. The populations chosen emulated previous work on craniometric findings for
comparative purposes.>® Populations that overlapped in geographic space from microsatellite data and the Macromorphoscopic Databank (MAMD)
were selected, while climate data locations were selected based on close proximity to MAMD populations.** Climate data were obtained from online
databases available through the National Oceanic and Atmospheric Association and the Climatic Research Unit.

Genetic matrices were constructed from microsatellite data while phenotypic matrices were constructed from dichotomized macromorphoscopic trait
data. Mantel tests of these two lines of data were significantly correlated (r=0.62, p=0.00), supporting previous findings that cranial MMS traits can
serve as genetic proxies.® Climate coefficients generated from the BSFG were further explored in R. In general, the features associated with the nasal
complex become narrower with greater projection from the face in colder environments, particularly those in regions with less climatic fluctuations
throughout the year. This pattern follows known thermoregulatory responses in the midface. Detailed analyses of the influence of each climate variable
on all cranial MMS traits are presented, as well as the evolutionary significance of those relationships.

MMS traits are often used in forensic investigations of population affinity estimates, yet evolutionary significance of these traits has never been
established. This research employs a statistical model that can control for genetic relationships to test other causative forces of human variation, which
moves us away from reductionist methods. This study demonstrates that cranial MMS traits are as theoretically robust as craniometric methods.
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A96 The Covariance, Correlation, and Mutual Information of Cranial Macromorphoscopic Traits and
Interlandmark Distances

Briana New, MA¥*, University of Nevada, Reno, Reno, NV; Leah Auchter, MA, University of Nevada, Reno, Reno, NV; Elaine Chu, MA, University of
Nevada, Reno, Reno, NV; Louise Corron, PhD, University of Nevada, Reno, San Francisco, CA; Kyra Stull, PhD, University of Nevada, Reno, Reno, NV

Learning Objective: After attending this presentation, attendees will have an increased appreciation for the interrelationships of cranial
Macromorphoscopic (MMS) traits and Interlandmark Distances (ILDs).

Impact Statement: This presentation will impact the forensic science community by providing empirically grounded results that refute the usage of
typological suites of MMS traits. Furthermore, comparisons between metric and MMS data types demonstrate the differing information they both
capture regarding the cranial phenotype.

Forensic anthropology often utilizes cranial indicators to estimate parameters of the biological profile; however, the relationships between variables or
their developmental trajectories are not fully understood. While research on the variation of cranial MMS traits and ILDs within and across populations
is relatively abundant and growing as access to more diverse samples increases, little research has specifically focused on quantifying the degree of
shared information within and across these variables. This research explores the covariation, correlation, and the amount of Mutual Information (MI)
shared between MMS traits and ILDs in a modern sample of subadults and young adults from the United States. The sample is comprised of 461 male
and female individuals aged between birth and 20 years from the Subadult Virtual Anthropology Database (SVAD). Twelve MMS traits were scored
and 24 ILDs were derived from volumetric models of the cranium reconstructed from computed tomography scans.!? Scoring and landmark placement
was conducted without a priori knowledge of an individual’s age, sex, or reported population affinity. Individuals were categorized into Life History
Stages (LHSs) following chronological age: infancy (0-2.99 years; females=17, males=38), childhood (3.00-6.99 years, females=35, males=27),
juvenile (7.00-12.99 years; females=32, males=53), adolescent (13.00-17.99 years; females=74, males=129), and adulthood (18.00+; females=84,
males=113). Correlation coefficients (polychoric and Spearman's rank order) and covariance were used to assess relationships between MMS traits.
MI analyses measured the degree of shared information between MMS traits and ILDs, while polyserial correlations quantified the strength of their
relationships.

No pairwise comparison of MMS trait correlations is greater than 0.53, regardless of age. MMS traits assessing the nasal region tended to have the
strongest relationships across all LHSs, though the correlations are still quite weak. MI scores range between 0 and 1.95 where 1.95 represents pairwise
comparison of a variable against itself. MI scores between MMS traits remain very low (0-0.12). In contrast, MI scores between ILDs are higher (0—
1.39), indicating more information is shared between ILDs than between MMS traits. In comparisons conducted across MMS traits and ILDs, MI
scores remain relatively low with the most shared information provided by traits and measurements assessing the interorbital (0.06—0.13) and nasal
breadth (0.08-0.18) regions. Polyserial correlation analyses further corroborate stronger relationships between MMS traits and ILDs in the interorbital
(0.37-0.54) and nasal breadth regions (0.50-0.60).

The lack of strong relationships between most MMS traits suggests they are measures of human variation that are largely independent from each other.
These results are consistent with recent population-specific non-metric research and refute the usage of typological trait suites that reinforce inaccurate
population typologies. Moreover, except for traits assessing analogous interorbital and nasal breadth regions, most cross-trait analyses also lack strong
relationships. These results indicate that most MMS traits provide different information about individual cranial variation than ILDs. The consistency
of results across LHSs posit a limited influence of developmental patterns on these relationships throughout ontogeny.
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A97  Biological Distance Assessment Using Matched Data From Two Geographically Proximate Samples in
Latin America

Kelly Kamnikar, PhD*, University of New Mexico, Marana, AZ

Learning Objective: After attending this presentation, attendees will be familiar with biological distance analysis using matched biological data to
differentiate among Latin American samples.

Impact Statement: This presentation will impact the forensic sciences community by illustrating how matched biological data from two data types in
forensic anthropology, cranial Macromorphoscopic (MMS) and craniometric data, can be used to differentiate between samples from Mexico and
Guatemala. This analysis provides insight into the utility of combining these data types in forensic applications within the United States

Forensic analysis of unidentified human remains centers on the creation of the biological profile or estimation of demographic variables from the
skeleton. Specifically, population affinity assesses the similarity between skeletal features and data from known reference samples to arrive at a
probabilistic statement of group membership. Designations are based on social or biological groups defined by research parameters.' Group assignments
are often based on population structure, shared population history, and geographic proximity to other groups. In the United States, these labels often
correspond to socially constructed ideas of race. Individuals with familial origins from or born in Latin America are often grouped together under the
heading “Hispanic” following United States governmental classifications. Under this broad heading, there is little regard for individual population
histories, population structure, or evolutionary events impacting Latin American populations on a macro and micro scale. This leads to a generally poor
understanding of human variation in Latin American groups.?

This study explores human variation in Latin America using samples from the Yucatan State, Mexico, Guatemala City, Guatemala, and comparative
data collected in migration contexts from the Mexico- United States border. The Yucatan sample comes from individuals interred in the Xoclan
Cemetery in Mérida (cranial MMS [#=109]; craniometric [n=159]), housed at the Universidad Autonoma de la Yucatan (UADY). This sample
comprises modern individuals with Indigenous Maya heritage living near or in the city of Mérida. The Guatemalan sample (cranial MMS [1n=40];
craniometric [#n=32]) comprises individuals from forensic casework at the Instituto Nacional de Ciencias Forenses de Guatemala (INACIF). Data from
individuals in migrant-related contexts (Identified Guatemalan Migrants, Identified Mexican Migrants) are included. All samples used in this study are
considered “Hispanic” within current classification systems.

Each sample is subject to biological distance analysis following the methods most appropriate for each data type. Mahalanobis Distances are calculated
from craniometric data, while Smith’s Mean Measure of Divergence is used for cranial MMS data. Distances are then transformed into the same
multivariate space using a Procrustes transformation. Two patterns emerge. First is the craniometric and cranial MMS data for each populational sample
correlate in Cartesian space. This indicates that cranial MMS data and craniometric data are identifying similar patterns of human variation in the
cranium regarding populational groups. Second, not all groups included in this analysis are similar to each other. The two Guatemalan samples
(Guatemalan Migrant and INACIF) cluster together, while the two Mexican-derived samples are spatially distant from each other. This suggests that
Mexican migrants come from regions other than the Yucatén, which is corroborated by migration statistics.> The UADY sample is geographically close
to Guatemala, so expectations hypothesize a smaller biological distance. However, the UADY sample is dissimilar to the Guatemalan samples,
indicating the impact of micro evolutionary cultural events on cranial variation in the Yucatan, and/or high variability in the Guatemalan sample.

Overall results indicate differences among samples currently grouped under the Hispanic heading using biological distance analysis, supporting the
refinement of this broad category, as the data allow. Additionally, this research demonstrates that craniometric and cranial MMS data types are
providing similar information regarding cranial variation. Results from this study can be used to inform population affinity research in forensic
anthropology.
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A98 A Survey of Population Affinity (Ancestry) Estimation at the Defense Prisoners of War/Missing in Action
(POW/MIA) Accounting Agency

Amanda Hale, MA*, Defense POW/MIA Accounting Agency Lab, Kaneohe, HI; Rebecca Wilson-Taylor, PhD, Defense POW/MIA Accounting Agency,
Kapolei, HI; Alexander Christensen, PhD, Defense POW/MIA Accounting Agency, Kailua, HI; Sydney Garcia, MA, SNA International supporting the
Defense POW/MIA Accounting Agency, Ewa Beach, HI

Learning Objective: After attending this presentation, attendees will understand how approaches to population affinity, or ancestry estimation, have
changed over time at the Defense POW/MIA Accounting Agency (DPAA) and how method selection is predicated by laboratory accreditation
requirements and appropriateness for casework in the agency’s specific historical context.

Impact Statement: This presentation will impact the forensic science community by illustrating the applicability of the discipline’s current
methodology in this context and the need for identifying appropriate reference samples for comparison.

To address growing concerns regarding the estimation of population affinity in forensic anthropology casework, a critical review of 711 forensic
anthropology case reports was undertaken to evaluate the efficacy of methods used by analysts at the DPAA compared to the reported perceived race
in servicemember personnel records.! Of the 711 case reports, 537 reports included analyses to estimate population affinity with methods and syntheses
stemming from 33 articles or book chapters. These methods utilize metrics and morphology of the cranium, mandible, dentition, and long bones as
well as cervical vertebrae morphology.

Most reports employed multiple methods for estimating population affinity with one case reporting nine separate analyses, but most reported either
two (n=219) or three (n 127) methods. Morphoscopic traits of the cranium were the primary approach, appearing in 402 case reports: 377 reports
followed Hefner, Hefner and Ousley, or a combination of both, and 25 additional reports employed both references as well as Hefner and Hefner and
Linde."* The descriptive cranial morphology approaches of Gill and Rhine were utilized in 162 and 115 reports, respectively.>® Craniometric (n 372)
and postcranial metric (#=120) analyses performed in FORDISC® v3 were the second most-common approach with 12 reports concluding
indeterminate, and five estimations were not consistent with reported perceived race.” Eighty-eight reports had no cranial analyses present either because
there was no cranium present (n 54), or the cranium was too fragmentary for analysis (n=34). Of those with no cranial analysis, 42% estimated
population affinity as indeterminate.

Mandibular metrics and morphology appeared in 118 reports with 115 following Berg and Kenyhercz and 3 reports from 2012 citing Angel and
Kelley.®? Dental morphology was employed in 66 reports. Other postcranial metric methods used involve the platymeric index and were used in 78
case reports with 27 estimated as indeterminate.!®!? The remaining references observed were used to support analytical decisions, including
measurement selection and atypical results.

A total of 11 unique population estimations were observed including “probable” categories. Correspondingly, a total of 7 distinct perceived races were
reported in the servicemembers’ personnel records including White (n=502), Black, Japanese, Native American, Chamorro, Filipino, and Puerto Rican
(collectively n=23). For cases with an estimated population affinity of “European” (n=470), 96.8% were consistent with a reported perceived race
formally associated with “European” populations (i.e., White or Caucasian). Population affinity estimates including “African” (n=10) or “Asian” (n=2)
were 100% consistent with the reported perceived races. Indeterminate estimations were observed in 55 case reports with all respective servicemembers
having either White or Black reported perceived race.

The high consistency between affinity estimates of European and the personnel records is not surprising given the preponderance of casework at the
DPAA involves servicemembers of White ethnicities; however, the 3.2% raises some concerns. It is possible that there is an inherent confirmation bias,
but it is more likely that the methods permissible to use did not include adequate reference samples reflecting the range of diversity of the
servicemembers. Methods included in the laboratory Standard Operating Procedure (SOP) are required to be validated, peer-reviewed methods shown
to be applicable to the historical context of the case work, limiting the application of some available methods. Thus, remains that express complex
population affinities continue to be a challenge for anthropologists regardless of the associated context.

Reported perceived race refers to the category of race in Individual Deceased Personnel Files for all deceased servicemembers relevant to DPAA
investigations. This category was completed based on the perceived race of servicemembers during the enlistment process. For the cases examined,
these date to enlistments for World War 11, the Korean War, and the Vietnam War.
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A99  Exploring Macromorphoscopic Traits in Relation With Craniofacial Ratios

Leah Auchter, MA*, University of Nevada, Reno, Reno, NV, Briana New, MA, University of Nevada, Reno, Reno, NV; Elaine Chu, MA, University of
Nevada, Reno, Reno, NV; Louise Corron, PhD, University of Nevada, Reno, San Francisco, CA; Kyra Stull, PhD, University of Nevada, Reno, Reno, NV

Learning Objective: This research will provide attendees with a better understanding of the relationship between two cranial Macromorphoscopic
(MMYS) traits: Interorbital Breadth (IOB) and Nasal Aperture Width (NAW), and four craniofacial measurements: Interorbital Breadth (DKB),
Minimum Frontal Breadth (WFB), Nasal Breadth (NLB), and Bizygomatic Breadth (ZYB) during ontogeny.

Impact Statement: This presentation will impact the forensic science community by exploring two MMS traits capturing facial ratios in relation to
their craniometrics “counterparts.” Previous research has demonstrated the applicability of scoring MMS traits on immature individuals and the current
project will increase confidence in applying these scores on immature individuals.

The forensic anthropological field has posited that there should be a better understanding of MMS traits regularly used to capture human variation.
Unlike other MMS traits, NAW and IOB definitions utilize a facial ratio to determine trait scores.' This research aims to test the relationship between
MMS traits approximating ratios and calculated ratios of craniometric variables defined by interlandmark distances. The results can potentially answer
questions regarding analogies between MMS and craniometrics, as well as examine MMS methodology and its applicability to subadult individuals.

A subset of 816 individuals aged between birth and 20 years from the United States subset of the Subadult Virtual Anthropology Database (SVAD)
were included in this study. NAW and IOB MMS traits, the DKB, WFB, NLB, and ZYB interlandmark distances were used in the analyses.! In
comparing NAW and NLB, NAW scores increased as NLB increased. Calculated NAW scores, defined as the NLB/ZYB ratio for 54.6% of individuals
were equivalent to those originally assigned through the MMS approach. Of the individuals that received a different NAW score, the majority of
individuals (29.6% or 241 individuals) changed scores from a 2 (intermediate NAW) to 1 (narrow NAW). Percent changes in MMS scores were
computed to assess any age-related changes based on the ratios. Using the calculated ratio (NLB/ZYB) to predict the NAW score resulted in a change
of score for 26% to 55% of individuals across the life history stages, with the greatest percent change in NAW scores observed in adolescents (aged 13
years and above) and adults (55% and 54%, respectively).

In contrast, IOB showed no notable trend with the DKB measurement. IOB scores were also compared to DKB/ZYB ratios and DKB/WFB ratios. The
IOB scores were associated with increasing ratios of both DKB/ZYB and DKB/WFB. The IOB scores calculated from the two ratios were then used
to assign an IOB score based on the MMS trait definitions. Comparably to the original IOB scores, no individual was assigned an IOB score of 3 (broad
IOB, requiring a ratio of at least 1:3) for either of the IOB ratios (DKB/ZYB and DKB/WFB). The individuals that had previously been scored with an
IOB of 3 during the MMS analysis either measured to a ratio of 1:5 or 1:4 and were assigned a predicted IOB score of a 1 or 2. Using the DKB/ZYB
ratio, 27.5% (212 individuals) received the same IOB score as originally assigned, while the DKB/WFB ratio resulted in 61.9% (477 individuals) with
consistent IOB scores. Change in scores for the two IOB ratios from the original IOB ranged from 64% to 74% for DKB/ZYB and 28% to 50% for
DKB/WFB without any obvious age-dependent patterns.

Results of this study suggest that IOB based on the MMS trait definition and craniometric analyses should be assessed conjointly for a given individual
to describe the variation of cranial features more completely as they do not present redundant information. Furthermore, it supports the use of ratios to
inform MMS scores; however, the disparity between MMS scores dependent on the specific craniofacial ratio applied speaks to the complexity in the
I0B definitions of “overall facial breadth,” as well as the NAW definition of “overall width of facial skeleton.”? A lack in clarity of the exact craniofacial
ratio being visualized may lead to lower repeatability of IOB and NAW scores.
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A100 The Effective Use of Stature in Forensic Identification

John Byrd, PhD*, Defense POW/MIA Accounting Agency Laboratory, Mililani, HI

Learning Objective: After attending this presentation, attendees will be aware of a new approach to the evaluation of stature in forensic identification
of human remains.

Impact Statement: This presentation will impact the forensic science community by offering new tools for practitioners to better utilize stature and
bone sizes in the forensic identification process.

The evaluation of stature has a long history in biological anthropology as it is one of the obvious and interesting aspects of human variation.
Bioarchaeologists estimate stature from skeletal remains of long-ago deceased individuals to characterize populations. In such cases, there is a bone
that can be used, in conjunction with a statistical model, to predict the stature of the individual with a prediction interval. In forensic anthropology,
where personal identification is a primary concern, we are often interested in a related, but different question: Given the known stature of a candidate
for identification, are these bones of the correct size to be his/her remains? Also, how good or poor is the fit? A direct way to address these questions
is to utilize a regression model with stature as the independent variable to predict bone size. This makes intuitive biological sense given stature is a
good proxy for overall body size, and bone sizes are determined by the underlying genetic and developmental factors that drive overall body size. To
explore the efficacy of this approach, the Defense POW/MIA Accounting Agency (DPAA) reference data was used in regression models
predicting humerus, radius, femur, and tibia lengths, respectively, based on stature.!? Next, t-tests were used to generate p-values for each individual
in the reference data to evaluate model performance (using a cutoff of 0.05) in the context of testing the association of bone size to stature. The power
of this method as a forensic tool was evaluated by generating random pairings of statures and bone lengths, performing the #-test, and observing how
many incorrect associations can be rejected. Since skeletons are often segregated from larger assemblages of commingled remains, it can be prudent to
simultaneously evaluate all the bone sizes against a candidate’s stature using an omnibus test rather than assume a single bone represents the entire
skeleton.>*

This procedure was demonstrated by combining the p-values from the #-tests of the individual bone elements in the reference data in an omnibus test,
then counting the erroneous rejections (using a cutoff of 0.05). The power of the method was evaluated by generating random pairings of sets of bone
elements and statures, generating the omnibus results, and observing how many incorrect associations were rejected. Results for the regression model
t-tests applied to the reference data were: humerus (N=172) error 4.1%; radius (N=168) error 4.2%; femur (N=170) error 3.0%; tibia (N=162) error
4.3%. These errors were close to expected for a 0.05 cutoff. The power of the models, or proportion of successful rejections among randomly paired
measurements, was: humerus (N=994) 44.6%; radius (N=1,000) 39.8%; femur (N=1,000) 50.3%; tibia (N=1,000) 46.7%. The omnibus test applied to
the reference data (NV=144) yielded an error rate of 4.8% using a 0.05 cutoff. The power of the omnibus method was 48.4% (N=1,000). It should be
noted that the power will be greater or lesser depending on the size disparities actually encountered in case work. The random pairings were next run
including only pairings known to be from individuals with >7.5cm disparity in stature to yield 60.2% (N=2,514) successful rejections, then including
only pairings with >10.5cm stature difference (N=2058) to yield 69.5% correct rejections. The power to exclude roughly half of incorrect associations
can be significant when working cases with many remains and many potential candidates for identification. Power depends ultimately on size disparity
in the case applications.
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A101 A Reassessment of Stature for Modern Native Americans Using the New Mexico Decedent Image Database
(NMDID) Data

Heather Edgar, PhD¥*, University of New Mexico, Albuquerque, NM; Kelly Kamnikar, PhD, University of New Mexico, Marana, AZ; Taylor Busby,
BS, University of New Mexico, Santa Fe, NM; Jordan Martinez, BA, University of New Mexico, Bernalillo, NM; Jana Meyer, MSc, MA, University of
New Mexico, Corrales, NM; Mario Pefia Muiioz, BS, University of New Mexico, Albuquerque, NM; Roberto Rios, University of New Mexico,
Albuquerque, NM; lan Wallace, PhD, University of New Mexico, Albuquerque, NM, Nicollette Appel, MS, University of New Mexico, Glen Head, NY;
Stephen Ousley, PhD, UT Knoxville, Erie, PA

Learning Objective: After attending this presentation, attendees will be familiar with stature estimation equations for modern Native Americans (NA)
derived from current forensic casework.

Impact Statement: This presentation will impact the forensic science community by providing updated stature estimation equations for NA calculated
from Computed Tomography (CT) scans collected in routine forensic investigations in New Mexico. Using CT scans to develop stature estimation
equations is innovative, allowing skeletal data collection without documented skeletal collections. This approach allows improved anthropological
methods for groups reluctant to donate human remains, such as NA. This research fills a significant gap and improves methods for an underserved
group by providing the first stature estimation equations based on contemporary NA samples.

Stature estimation is core to the biological profile for limiting the pool of missing persons to compare with unidentified human skeletal remains. Stature
estimation calculates forensic stature, usually height recorded from a legal document.! Forensic stature is related with error to other descriptions of
stature, including cadaver length and family-reported height. We use a mathematical method to estimate stature, regressing stature on long bone
measurements to produce regression equations. These equations can use single or combinations of long bone measurements. The most accurate
estimations derive from long bones that directly contribute to stature (femur, tibia, fibula); however, equations using upper limb bones are sometimes
useful. Due to secular change, mathematical equations are population and time specific.?

Equations commonly used to estimate stature for NA derive from archaeological material and a low socioeconomic status sample from Mexico; neither
may be appropriate for modern NA.3># This study presents new stature equations for NA in New Mexico and the United States southwest.

Maximum lengths of femora, tibiae, and humeri of NA (males=160; females=67) were collected from CT scans stored in the NMDID. The NMDID
contains whole-body CT scans and associated metadata from individuals examined at the Office of the Medical Investigator in Albuquerque, NM,
2010-2017.% All individuals were described by next of kin as members of the Navajo or Jicarilla Apache Nations, or the Pueblos of Acoma, Laguna,
Santo Domingo, and Zuni. Separate equations were calculated for males and females.

Cadaveric length was used to represent stature. Mean stature for males is 175.1cm; the mean for females is 161.3cm. These means are higher than those
presented by Auerbach and Ruff for prehistoric southwestern NA males (160.79 +/- 5.33) and females (150.52 +/- 5.17), and for Mexican males
(161.50cm) and females (149.80cm) in Genovés’ sample.*® Stature equations were determined using R, applied to the sample, and compared with
estimates using equations in Genovés.> We noted differences in the slopes for males and females, indicating the NMDID sample is taller with longer
limbs. This is true for the femur and tibia for males and females and humeral length for females. Consistent with Genovés, humeral length did not
perform well for NMDID males.® Stature equations calculated from the NMDID will be presented for maximum lengths of the femur, tibia, and
humerus, and for bicondylar femoral length.

We demonstrate secular change between prehistoric and contemporary NA in New Mexico. Furthermore, the NMDID data indicates allometric
differences in limb proportions when compared to Genovés’ sample. The stature equations presented here are more appropriate for calculating stature
for modern NA individuals that are a part of forensic casework in New Mexico, and perhaps more broadly across the American southwest. Additional
modern datasets are required to assess the viability of new equations for modern NA in casework across other regions of the Americas.
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A102 Expanding the Scope of Subadult Stature Estimation

Elaine Chu, MA*, University of Nevada, Reno, Reno, NV; Kyra Stull, PhD, University of Nevada, Reno, Reno, NV

Learning Objective: From this presentation, attendees will understand how using cross-sectional data and non-linear regression can expand the scope
of stature estimation for the subadult biological profile.

Impact Statement: This presentation will impact the forensic science community by providing updated and expanded methods for estimating stature
in subadult skeletal remains.

Stature estimation of immature skeletal remains is one aspect of the biological profile that has been underrepresented in the forensic anthropology
literature.! Investigations into subadult stature estimation methods have been hampered by small samples of known skeletal remains and the challenge
of capturing the relationship between skeletal measures and stature over ontogeny. Consequently, subadult stature estimation methods have been
primarily regression based (i.e., mathematical), trained using longitudinal samples with homogenous demographics, have only used long bone lengths,
and have restricted age ranges or age-specific equations for easier modeling (i.e., diaphyseal vs. maximum measurements, non-linearity).

The present study aims to address several of these challenges by: (1) using a large, contemporary, cross-sectional sample of subadult skeletal remains;
(2) generating regression models using both lengths and breadths; and (3) utilizing both linear and non-linear regression models to accommodate the
nonlinear shape of long bone growth. The resulting models encapsulate the ontogenetic variation between skeletal measurements and stature and
provide more options for subadult stature estimation that does not rely on the recovery of complete long bones or estimating age prior to stature
estimation. These modifications better align stature estimation within the scope of forensic casework.

Eighteen long bone lengths and breadths were measured on 349 individuals (M=214, F=135), aged birth to 14 years, from the United States subset of
the Subadult Virtual Anthropology Database.? Data were partitioned into training (80%) and testing (20%) sets. Kendall’s tau correlations were first
conducted to evaluate the strength of the linear relationship between all long bone measurements and stature. In line with previous stature estimation
methods and for comparison, ordinary least-squares regression was used to model the relationship between each measurement and stature. Bivariate
relationships between length and breadth measurements and stature were also visually assessed for shape, resulting in the choice of two nonlinear
functions: a three-parameter asymptotic exponential model for lengths and a three-parameter asymptotic logistic model for breadths. In addition, one
multiple linear regression equation was generated using stepwise regression including both lengths and breadths. In total, 35 linear and non-linear
models were generated and compared.

Correlation coefficients between each measurement and stature ranged from 0.78 to 0.91. Testing accuracy for all linear and non-linear models ranged
from 0.90 to 1.0, with Standard Error of Estimate (SEE) ranging from 2.64 to 2.93cm and Mean Absolute Deviation (MAD) ranging from 3.30 to
8.67cm. Interestingly, the linear and non-linear breadth models outperformed the length models when compared using testing accuracy and SEE. The
SEE falls well within the ranges reported by previous subadult stature estimation methods.3¢ In contrast, MAD for the current models is higher than
was reported by a recent comparison of two subadult stature estimation methods.” Deeper investigation into these models show higher MAD for linear
breadth models. The comparable SEE ranges and high testing accuracy of breadth models suggest these models are appropriate for use in forensic
casework because the 95% prediction interval is more important than the point estimate.

Results of this study demonstrate the utility of cross-sectional data and non-linear regression models to expand the scope of subadult stature estimation
for forensic casework. To make all stature estimation equations accessible, a freely available graphic user interface was created for practitioner use.
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A103 Investigating the Reliability and Validity of the Portable Osteometric Device

Eric Anderson, MA*, Advanced Research Collection Technology LLC, Loxley, AL; Sierra Malis, MA, Mississippi State University, Starkville, MS;
Molly Zuckerman, PhD, Mississippi State University, Starkville, MS; Anna Osterholtz, PhD, Mississippi State University, Starkville, MS

Learning Objective: Attendees will learn about the novel Portable Osteometric Device (POD) and its reliability and validity. The POD is an
osteometric measuring device that uses laser sensors to measure bone length with a time-of-flight technology.

Impact Statement: Unlike the current osteometric board design, the POD uses modern technology to take measurements, allowing it to decrease data
collection time and transcription errors. Compared to the current conventional osteometric board design, the POD is smaller, making it easier to
transport for researchers traveling to conduct fieldwork and conducting data collection in local and abroad field settings. This advancement in data
collection and osteological analysis ultimately contributes to larger questions concerning the identification of unknown decedents and improving the
accuracy and reliability of osteometric data collection.

Metric analysis of skeletal material is integral in the analysis and identification of human remains, though the osteometric board—an instrument used
for osteological analysis—has lagged in advancement and improvement. Traditional osteometric boards are expensive, bulky, and require the user to
read measurements manually, leading to intra- and inter-observer error. To address these functional limitations, this project tests the reliability, validity,
and intra-observer and inter-observer error of the Portable Osteometric Device Version 1 (PODv1), a novel laser-measuring device. The PODv1 uses
laser sensors with time-of-flight technology to measure distance. To test the reliability and validity of the PODv1, 55 volunteers from the Mississippi
State University (MSU) community and the American Association of Biological Anthropology (AABA) 2022 conference meeting measured four
different skeletal elements using both the PODv1 and the PaleoTech devices over three different rounds. An Institutional Review Board (IRB) approval
was obtained before any MSU or AABA volunteer collected osteometric data for this project (IRB-21-457). The measurements of the tibia (w=8,530,
p=0.4789), humerus (w=9,386.5, p=0.5908), and femur (w=8,585.5, p=0.4095) taken from both devices showed no statistical significance between
them; however, there was a statistically significant difference between the two devices’ length measurements of the ulna (w=10,437, p=0.03758), likely
due to unfamiliarity of the device and measurement instructions.

These results support the PODv1 as a reliable and valid measuring device when compared to the PaleoTech. Although both devices are prone to the
same issues such as calibration issues, transcription errors, experience level, and user errors, the PODv1 can improve on these issues with more
modifications and research, unlike the current osteometric board designs. This advancement in data collection and osteological analysis ultimately
contributes to larger questions concerning identification of unknown decedents and improving the accuracy and reliability of osteometric data
collection.
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A104 How Complete Are These Remains? An Assessment of Training and Experience

Andrea Palmiotto, PhD¥*, Indiana University of Pennsylvania, Indiana, PA; Allysha Winburn, PhD, University of West Florida, Pensacola, FL;
Christine Pink, PhD, Western Michigan University Homer Stryker M.D. School of Medicine, Kalamazoo, MI; Carrie Brown, PhD, Defense POW/MIA
Accounting Agency, Offutt Air Force Base, NE; Carrie LeGarde, MA, Defense POW/MIA Accounting Agency, Omaha, NE

Learning Objective: After attending this presentation, attendees will have insight into the relationship between skeletal analytical experience and the
description of incomplete human skeletal remains, as well as the importance of using standardized quantification methods.

Impact Statement: This presentation will impact the forensic science community by raising awareness of the lack of standardization in quantifying
incomplete or fragmented remains and provide suggestions to remedy this shortcoming.

Forensic anthropologists commonly overlook a basic yet integral component of skeletal inventories: how to calculate and report the amount of remains
present in an incomplete, fragmented, and/or commingled assemblage. Describing the amount of remains present is critically important because it can
impact the trajectory of death investigations and provide insight into whether additional recovery efforts are needed, scavenging and other postmortem
effects that led to the dispersal or loss of material, the minimum number of individuals represented, commingling, and the suite of analytical methods
that can be applied, among other considerations. Despite this, the forensic anthropology community does not have agreed-upon standards to assess
completeness, and therefore, it is highly subjective.

Recent Data Collection Procedures (DCP 2.0) advise analysts to specify the extent of the remains present using generalized terminology or descriptions.
Generalized descriptions are not used for any meaningful quantification—instead, analysts are directed to rely on detailed skeletal inventories. While
this approach has few implications for single individuals, it may not be appropriate for assemblages that are fragmented, commingled, or otherwise
complicated. Numerous published methods exist for quantifying the amount of remains present in complex or larger assemblages, many intended for
bioarchaeological audiences. However, it remains unclear to what extent forensic anthropologists utilize these methods and whether factors like degree
of expertise influence analysts’ ability to objectively report skeletal completeness.

This study describes the relationship between experience and assessments of skeletal completeness using the results from an online survey that was
sent to individuals both with (#=75) and without (n=31) human skeletal analytical experience. Participants examined six photographs of incomplete
human skeletal remains. For ease of photographic assessment, each image depicted an Minimum Number of Individuals (MNI) of one. No contextual
information was provided with the photographs. Individuals were asked to describe the completeness of the skeletal remains using percentages, words,
or other means. Forensic anthropologists were encouraged to describe the methods.

Respondents primarily used a mixture of percentages, descriptive terms, and/or inventories to describe the photographs. Only nine respondents (8%)
indicated the method used. Kruskal-Wallis and Mann-Whitney U tests were performed to compare the responses of individuals with and without
skeletal experience. Responses from only two of the six sets of remains demonstrated significant differences (p< 0.05), suggesting that skeletal
experience does not facilitate better quantification of remains. Additionally, no significant correlation was observed between years of experience and
precision in skeletal quantification. In other words, forensic anthropologists are not getting better at quantifying incomplete remains with years of
experience. Furthermore, the presence or absence of diagnostic elements (e.g., the skull or os coxae) significantly shifted perceptions of completeness
(p< 0.05) in images with similar percentage of skeletal elements present—both for respondents with and without skeletal analysis experience.

These outcomes indicate that experience can impact quantification assessments; however, the lack of agreed-upon standardized methods results in
imprecise interpretations of skeletal completeness that cannot be meaningfully understood. Considering that forensic anthropology reports are used by
other medicolegal experts, the language we use in reports can influence investigations and potentially bias individuals. Therefore, forensic
anthropologists must be more conscientious about how they describe incomplete skeletal remains. This study highlights the need to critically consider
how incomplete remains are quantified and to report quantification methods explicitly, particularly in complicated assemblages.

Forensic Anthropology; Commingling; Completeness
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A105 Sorting Successive Thoracic Vertebrae in Commingled Contexts: A Geometric Morphometrics Approach

Mpyrsini Voulgari, MSc, National and Kapodistrian University of Athens, Athens, GREECE, Attiki; Ioanna Anastopoulou, PhD, National and
Kapodistrian University of Athens, Athens, GREECE; Attiki; Emmanouil Sakelliadis, MD, PhD, National and Kapodistrian University of Athens,
Athens, Attiki, GREECE; Konstantinos Moraitis, MSc, PhD*, National and Kapodistrian University of Athens, School of Medicine, Athens, Attiki,
GREECE

Learning Objective: After attending this presentation, attendees will have insight on the issue of commingled human remains and the application of
geometric morphometrics in skeletal reassociation.

Impact Statement: This presentation will impact the forensic science community by presenting a new approach in reassociating commingled human
vertebrae.

Commingling refers to intermixed skeletal material derived from different contexts and is common both in forensic and bioarchaeological research.!
Until recently, sorting methods were focused on optical similarities or metric reassociation.? Nevertheless, a novel method for reassociation based on
geometric morphometrics shape analysis has shown promising results.? Given that, an approach that utilizes new methods of sorting designed for 3D
models would help minimize the human factor error and reach more reliable and reproducible results.

Two of the typical thoracic vertebrae (T4-T5) from 65 individuals showing no anatomical difference were scanned with a structured-light 3D scanner.
These vertebrae were chosen based on their preservation since T4-T5 was the most frequent pair in the sample. The sample derived from three skeletal
collections of different geo-chronological contexts. Namely, the skeletal material was obtained from modern collections from the Universities of Athens
and Crete and from an archaeological assemblage of the Democritus University, Greece. Fourteen landmarks were placed on the inferior rim of the
body and the articular facets of the fourth thoracic vertebrae. Another 14 landmarks were placed on the superior rim of the body and the articular facets
of the adjoining fifth thoracic vertebrae. The landmarks’ raw coordinates were transformed into Procrustes coordinates for removing the factor of size.
The adjoining skeletal elements (T4 and T5) that resembled the most based on their shape were the ones that presented the smallest Procrustes distance
across the sample and, therefore, it was expected to belong to the same individual. The results showed that in 66.2% of the cases, the correct T4-T5
match was found between the three first skeletal elements that presented the three smallest Procrustes distances compared with all the other elements.
It is recommended that this method would be used in rejecting an approximate 70% of the possible matches based on shape differences and to reevaluate
the remaining 30%. Additionally, further investigation based on more of the typical vertebrae with more landmarks and/or semi-landmarks could
possibly improve the results.

Future research could further investigate the applicability of landmark- and/or semi-landmark-based methods in sorting commingled skeletal elements.*
This approach adds valuable information to the existing sorting methods through its ability to retrieve and evaluate shape information for each skeletal
element of the sample.

References:

- Ubelaker DH. Approaches to the study of commingling in human skeletal biology. In: Haglund WD, Sorg MH, editors. Advances in forensic
taphonomy: Method, theory and archaeological perspectives. Boca Raton, FL: CRC Press. 2002;331-51.

Anastopoulou I, Karakostis FA, Borrini M, Moraitis K. A statistical method for reassociating human tali and calcanei from a commingled context.
Journal of Forensic Science. 2018;63(2):381-5.

Anastopoulou I, Karakostis FA, Harvati K, Moraitis K. Accurate and semi-automated reassociation of intermixed human skeletal remains
recovered from bioarchaeological and forensic contexts. Scientific Reports. 2021; 11(1), 20273.

Gunz P, Mitteroecker P. Semilandmarks: A method for quantifying curves and surfaces. Hystrix. 2013;24(1):103-9.
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A106 The Impact of Age on Pair Matching Accuracy

Megan Ingvoldstad, PhD*, Defense POW/MIA Accounting Agency Laboratory, Omaha, NE,; Carrie LeGarde, MA, Defense POW/MIA
Accounting Agency, Omaha, NE; Andrea Palmiotto, PhD, Indiana University of Pennsylvania, Indiana, PA

Learning Objective: Attendees of this presentation will learn how human skeletal element pair matching is often used by forensic anthropologists to
segregate commingled individuals, determine the minimum number of individuals represented, and guide genetic testing strategies. Given the increasing
number of Commingled Human Remains (CHR) projects at the Defense POW/MIA Accounting Agency DPAA and other forensic anthropology
laboratories around the world, studies to determine pair matching accuracy and inter-observer error are timely and necessary.

Impact Statement: This research impacts forensic anthropologists conducting CHR projects. As individuals with unfused and fusing epiphyses are
often encountered during DPAA casework, knowing that pair matches can accurately be made in any age group directly contributes to DPAA’s primary
objective of identifying United States military personnel unaccounted for from past conflicts. Further, given recent discoveries of commingled subadult
assemblages from various contexts, this research indicates that experienced analysts can confidently pair match subadult remains.

A study recently conducted at DPAA on nearly 600 commingled humeri demonstrated that analysts could identify correct pair matching elements with
80-100% accuracy depending on their CHR experience (preliminary results). The study sample, however, was exclusively United States World War
II servicemen 17-52 years of age at death. As only late adolescents and adults were represented, all humeri had attained adult size, but the proximal
epiphyses were unfused, actively fusing, recently fused, or completely fused. While differential epiphyseal fusion aided analysts in sorting, preliminary
results indicate reduced pair matching confidence and increased determinations of “no match” among younger individuals.

Theoretically, subadult skeletal remains of the same age are products of differing genetics, maternal environments, and post-natal biomechanical loading
environments. Thus, size and shape variability is expected during growth and development, suggesting subadult humeri should vary enough between
individuals to accurately pair match. Notes from the adult humeri pair matching study, however, revealed that although analysts relied predominately
on diaphyseal lengths, decisions to assign a pair match and pair match confidence were often influenced by muscle insertion site morphologies. Since
muscle insertion sites develop with increasing use—and age—, we hypothesized that subadults would be more difficult to accurately pair match than
adults due to underdeveloped individuating morphologies.

To test this hypothesis, 84 subadult individuals were analyzed from the Hamann-Todd Osteological Collection. All atraumatic complete subadult
humeri were gathered (n=72 individuals) and separated into three age cohorts: 0—6 years (=47 specimens), 7—14 years (n=27), and 1619 years (n=54).
Not all humeri had a pair match; thus, analytical groups were unequal in size. Any markings were covered, and humeri within each age cohort were
commingled. The analysts pair matched each assemblage individually. “Match” (confident), “probable match” (fairly confident), “cannot exclude” (not
confident), and “no match” data were recorded by each observer, along with documentation of how they reached their conclusions. Following the
humeri pair matching study, two additional pair matching tests were completed by each observer: all femora of subadults 2—19 years presented as one
commingled group (=99 femora; 53 individuals); and all long bones from individuals 0—1 year of age organized by element type (n=138 long bones;
17 individuals).

Unexpectedly, subadult age had little bearing on experienced analysts’ abilities to identify correct pair matches (100% accuracy for the humeri and
femora tests; analysts varied only in match confidence). Rather, diaphyseal lengths, torsion, epiphyseal fusion stages, and muscular insertion sites were
used more confidently in this group than among adult remains, likely due to fewer subadult asymmetrical differences. However, the morphological
variability of long bones for individuals 0—1 year of age diminished, which resulted in lower overall accuracy (95.9%) and observer confidence in pair
matches.

Commingled Human Remains; Pair Matching; Subadults
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A107 The Reliability of Visual Pair Matching in a Commingled Skeletal Assemblage

Abigail K. Kindler, MA, SNA International®, Hickam, HI; Cortney N. Hulse, PhD, SNA International, Hickam, HI; Carrie LeGarde, MA, Defense
POW/MIA Accounting Agency, Hickam, HI

WITHDRAWN
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A108 The Construction of a National Hydrogen and Oxygen Isoscape for Colombia as a Baseline for the
Identification of the Region of Origin of Unidentified Victims of the Internal Armed Conflict

Daniela Orozco Ramelli, BA, EQUITAS*, Bogota, COLUMBIA; Ana Carolina Guatame, MSc, EQUITAS, Bogota, COLUMBIA; Tiffany Saul, PhD,
Middle Tennessee State University, Murfreesboro, TN; Jonathan Drake, MS, American Association for the Advancement of Science, Washington, DC

Learning Objective: After attending this presentation, attendees will know how the water sampling process was developed and carried out during the
mobility restrictions placed by the national government due to the COVID-19 pandemic throughout 2020 and 2021, how virtuality allowed for the
formation of a network of volunteers that made possible the sample collection, and how the analysis of the stable isotopes of hydrogen and oxygen
(8°H and 5'%0) from those water samples were used to construct an initial predictive isoscape as a baseline for the determination of the probable region
of origin of unidentified remains.

Impact Statement: This presentation will impact the forensic science community by informing attendees that the construction of a national hydrogen
and oxygen isotope reference map for Colombia based on water samples will guide both the identification of unidentified persons within the country,
contribute to global reference databases, such as the University of Utah’s database WaterIsotopes.org and help increase the reference baseline for water
isotope concentration in the Latin American region.

The armed conflict in Colombia left countless victims, many of whom are still missing, their remains unidentified in laboratories and cemeteries
throughout the country. To assist with the identification of these victims, this project aimed to construct a national reference map of stable isotopes
(isoscape) of hydrogen and oxygen from water that can be used to estimate possible geographic regions of origin for these unidentified individuals.

To develop this, samples were taken in 138 population centers, with population density and the impact of the armed conflict in those regions as the
primary selection criteria. A total of 245 samples of drinking water were taken in 25 departments (states). Analysis of the samples was carried out at
the Stable Isotope Ratio Facility for Environmental Research (SIRFER) laboratory of the University of Utah, where the samples were analyzed for 3°H
and 380 isotopes with a Picarro 1L.2130-1 isotope and gas concentration analyzer. The values obtained were calibrated for the reference values on the
Vienna Standard Mean Ocean Water-Vienna Standard Light Antarctic Precipitation (VSMOW-VSLAP) scale. The values of §°H range from -0.9 %o
in the Amazon region to -80.6%o in the Santander region. The values of §'80 range between -0.1%o in the Amazon region and -11.3%o in the Santander
region. Predictive oxygen and hydrogen isoscapes were developed from these values.

Isotope ratios of 8°H and §'%0 of the water samples, as well as their geographic coordinates in latitude and longitude (WGS 1984), were imported into
the ArcMap® GIS platform. The points were then aligned with a base map of Colombia, color-coded according to the measured isotopic ratios, and
used as input for interpolation using the “Nearest Neighbor” method. This process resulted in the creation of a continuous surface covering the entirety
of the country, with the predicted isotope values at intermediate locations constrained by the measurements that were taken at the sample sites.

This isoscape does not cover the entire national territory. Therefore, it is necessary to continue collecting samples in the eastern and southeastern
regions. These regions are composed of departments (states) spanning large areas that represent accessibility challenges such as remote locations or
security situations that may adversely affect the safety of the sampling teams.

These results are the first step in generating multi-isotopic models to determine the region of origin and migration patterns in modern populations in
the Latin American region. As a next step, these isoscapes should be validated by collecting water samples from several new sites throughout Colombia
to determine to what extent the isotopic values at these sites correspond to those predicted by the isoscape. Once this has been evaluated, these new
measurements can then be incorporated into the isoscapes, refining their accuracy even further.

Stable Isotopes; Provenance; Identification
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A109 Isotopic Human Geolocation in North America: A Data Review and Compilation of Oxygen and Strontium
Isotopic Databases

Kirsten Verostick, PhD¥*, University of Utah, Salt Lake City, UT; Alejandro Serna, PhD, Department of Archaeology, University of York, York,
ENGLAND; Gabriel Bowen, PhD, Department of Geology and Geophysics, University of Utah, Salt Lake City, UT

Learning Objective: After attending this presentation, attendees will have an improved understanding of the current state of using oxygen and
strontium isotopes for geolocation and provenancing of unidentified persons in North America, along with understanding the areas of strength and
weakness in these types of studies.

Impact Statement: This presentation will review data compiled from known and assumed origin human tissues throughout North America, highlight
how the data have been collected and used in the past, and suggest improvements for future isotopic data collection studies.

Various studies have reported human tissue isotope data related to or reflective of the location of tissue growth. While the goals of these studies vary,
the data presented constitutes a collective resource that may document spatial patterns in human tissue isotope ratios and relationships between tissues
and environmental proxies (e.g., water, soil). The degree to which this is the case depends on factors including the standardization of metadata, analytical
protocols, data reporting, and the geographic coverage of data from any given tissue and isotope system.

We reviewed >40 studies that use, discuss, or include strontium or oxygen isotopic data from human tissues, to include journal articles, reports, book
chapters, theses, and dissertations. Human tissues represented include hair, bone, nail, teeth, and urine. A metadata compilation was performed,
recording each study’s methods and contextual information, and divided the dataset based on the types of geographic and demographic information
reported.

Our dataset focuses on 23 studies where the geographic origin of the sampled tissues was known or could be assumed. We systematically evaluated
the isotopic data, along with pretreatment protocols, reporting of standards and calibration, and demographic or life history data. The complied dataset
comprised >2,500 isotopic data points, with 56% from the United States, 18% from Mexico, and 26% from Canada; 52% of the data represented hair
or nail keratin, 46% bioapatite (primarily tooth enamel), and the remaining samples urine. Most of the isotopic data (85%) are from known origin
tissues, whereas for 15% the location of tissue growth had to be assumed. Geographic coverage and methodological standardization differed among
studies and tissue types. The broadest coverage in North America available is for keratin; however, a large fraction of these data lack true “known”
geographic origin, limiting the utility of the dataset. The second broadest coverage is for tooth enamel isotopic values, and while all these samples are
of known origin, the preponderance of this data is from the United States. This data review highlights the strengths and weaknesses of the current tissue
data supporting isotope-based human geolocation, allowing us to propose guidelines for future reporting of data and methods, and may help to guide
future sampling efforts.

Forensic Anthropology; Stable and Heavy Isotopes; Forensic Provenance

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 149 -



\/ Anthropology—2023

A110 The Utility of Birthplace Prediction From Stable Isotope Analysis in Migrant Identification

Ivanna Robledo, MA*, Texas State University, San Marcos, TX; Krysten Cruz, MA, Texas State University, Round Rock, TX; Elisabeth Cuerrier-Richer, MSc,
Texas State University, Austin, TX; ChristiAna Dunham, MS, Texas State University, San Marcos, TX; Kelsey Fox, MA, Texas State University, Austin, TX;
Michelle Hamilton, PhD, Texas State University, San Marcos, TX; Kate Spradley, PhD, Texas State University, San Marcos, TX

Learning Objective: After attending this presentation, attendees will understand the applicability of stable isotope analysis on unidentified migrant
remains and their use in providing possible identification hypotheses.

Impact Statement: This study will impact the forensic community by examining whether birthplace predictions obtained through stable isotope
analysis aid in the identification process, and it will allow researchers to better understand the challenges faced when utilizing stable isotope analysis
in a forensic context. Additionally, this study will impact the migrant community by demonstrating that further research is being conducted to aid in
the identification of unidentified presumed migrant remains to potentially decrease the time from recovery to repatriation.

Recent research suggests that the incorporation of stable isotope analysis for unidentified remains can be useful in aiding identification efforts through
the reconstruction of an individual’s past. Kramer and Bartelink aimed to demonstrate the application of stable isotope analysis as a tool for
provenancing potential birthplaces of deceased migrants that are part of Operation Identification (OpID), an identification initiative that locates and
repatriates unidentified migrant remains along the Mexico-Texas border.! Estimated birthplace predictions were analyzed through dental samples,
which reflect the food and water consumed during an individual’s childhood. Kramer and Bartelink assessed the childhood birthplace predictions
through strontium and oxygen isotope analysis to test whether the number of missing persons cases in the National Missing and Unidentified Persons
System (NamUs) can be narrowed down when incorporating the estimated birthplace predictions obtained through stable isotope analysis.! The goal
of this study was to test the usefulness of Kramer and Bartelink’s birthplace predictions and their applicability to aiding in providing identification
hypotheses.!

The sample comprised 18 unidentified OpID forensic cases, including 10 males and 8 females. Kramer and Bartelink’s birthplace predictions were
further tested by applying search parameters in NamUs, namely sex and population affinity, birthplace, age, and date of last contact.! Once all
parameters were applied, the remaining missing persons reports were reviewed to determine if any identification hypotheses could be made with the
OplID cases, based on stature, personal effects, dental records, and antemortem trauma.

While no positive identifications were made, each parameter reduced the number of NamUs profiles for each OpID case by an average reduction of
92.9% for birthplace, 45.7% for age, and 67.1% for date of last contact. Identification hypotheses were found for 13 of the 18 OpID cases. For these
13 cases, 96% of identification hypotheses fell within estimated stature ranges and 16% matched dental and personal effects information in the OpID
case files.

The chosen parameters narrowed down the number of identification hypotheses significantly; however, a combination of incomplete and vague
information in missing persons reports in NamUs, as well as indeterminate aspects of biological profiles or unclear anthropology reports, were a few
factors that contributed to preventing a strong probability of an actual match. As Kramer and Bartelink have also mentioned, there may not have been
matches due to the lack of a centralized effort among professionals in Texas, as well as the fact that the individual may not have been entered as a
missing person in NamUs at all.! Additionally, while stable isotopes have repeatedly been shown to be accurate, incomplete isoscapes could be leading
to inaccurate birthplace estimations.

Improving identification hypotheses requires refining and standardizing data collection techniques for NamUs; however, NamUs is not the only missing
persons database. Searching additional missing persons databases in the United States and Latin American countries, and collaborating with national
and international organizations such as the Colibri Center and the Equipo Argentino de Antropologia Forense (EAAF), would increase the potential
for migrant identifications. For stable isotope analysis to effectively limit the time interval between recovery of remains and identification, there needs
to be standardization of stable isotope data collection techniques, as well as a development of robust isoscapes outside of the United States These
improvements would reify stable isotope birthplace predictions and make identification hypotheses more reliable.

Reference:

I Kramer, RT, Bartelink, EJ. 2022. Childhood and Adulthood Residency Prediction Using Strontium (37Sr/%¢Sr) and Oxygen (5'%0) Isotopes for
Unidentified Deceased Migrants Recovered in Southern Texas. Forensic Anthropology (University of Florida Press). 5(1): 25-45. DOI:
10.5744/fa.2020.0054
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Al111 Isoscapes Around the World: Mapping International Forensic Stable Isotopes Research

A. Skylar Joseph, MS*, International Committee of the Red Cross, Geneva, SWITZERLAND; Stephen Fonseca, BS, International Committee of the Red
Cross, Pretoria, Gauteng, SOUTH AFRICA

Learning Objective: After attending this presentation, attendees will better understand the various stable isotope projects currently ongoing in different
regions around the world.

Impact Statement: This presentation will impact the forensic science community by highlighting a broader selection of recent research ongoing
globally to help improve overall awareness and potential collaboration opportunities across regions and disciplines. Through promoting an increase in
awareness and collaboration on a global scale, this presentation will ultimately aid in improving and supporting the role of medicolegal systems and
forensic institutions in preventing and resolving the issue of missing and deceased migrants around the world.

According to the latest data reported from the International Organization for Migration (IOM), there were 281 million international migrants in 2020,
up from 272 million in 2019.! Of these migrants, between 3,900 to 5,400 are reported officially missing or deceased each year; however, this number
is likely much higher due to frequent underreporting. Missing migrants may not be reported to authorities due to many factors, the most common of
which are often related to either fears of repercussions to family or community members who would typically report an individual missing, or due to a
lack of knowledge that an individual has gone missing if contact was lost with the person during the migration process itself. Furthermore, many
mortuaries around the world may accumulate thousands of unidentified individuals whose location of origin or migration status may be unknown, and
therefore would not be officially reported as migrants even if they are suspected of originating outside the city, country, or region. When it is unknown
where an unidentified individual even originated from, it can be impossible to start a meaningful search and identification process, which is where the
benefits of creating a global isoscape become most apparent.

The International Committee of the Red Cross (ICRC), with its global mandate aimed at ensuring protection and dignity for the dead, has recently been
working toward encouraging more global collaboration on the topic of stable isotope analysis for forensic purposes. With global migration consistently
increasing, techniques to help understand and estimate an unidentified individual’s potential migration history have become pertinent to the overall
search and identification process.

Stable isotope analysis, while still a relatively new field of study within the forensic sciences, has shown promising results in numerous regions around
the world toward provenancing human remains. While many projects have been conducted or are currently ongoing in many countries around the
world, it can often be difficult for researchers from different regions to locate past research or data sets. Furthermore, a general lack of standardization
in the field has resulted in many studies being difficult to compare due to the different methodologies used. As a first step toward addressing some of
these issues, the present research has sought to map as many recent or ongoing stable isotope studies as possible, with the goal of increasing overall
awareness of the current research available and institutions around the world currently engaged in research. The ICRC, with its unique ability to act as
a global convener, has also recently started to promote collaboration more actively among researchers in this field with the aim of improving the global
collaboration and data sharing of stable isotopic research, with a vision to eventually create a global isoscape that could be used as a tool in unidentified
persons cases from around the world.

Reference:
I McAuliffe M, Triandafyllidou A. (Eds.), 2021. World Migration Report 2022. International Organization for Migration (IOM), Geneva.

Stable Isotope; Migration; Unidentified Persons

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.

*Presenting Author - 151 -



\/ Anthropology—2023

A112 The Region-of-Origin Predictions of Arroyo Grande Jane Doe: A Cold Case Isotopic Study From Nevada

Alina Tichinin, BA*, California State University, Chico, Chico, CA; Taylor Lambrigger, MA, California State University, Chico, Gilbert, AZ; Elizabeth
Hannigan, MA, California State University, Chico, Chico, CA; Eric Bartelink, PhD, California State University, Chico, Chico, CA

Learning Objective: After viewing this presentation, attendees will understand the role of stable isotopes in predicting region of origin of unidentified
human remains cases.

Impact Statement: This presentation will impact the forensic science community by demonstrating the use of stable isotope methods to advance cold
case investigations.

Stable isotope analysis has become an increasingly used method to aid in the identification of human remains, including cold cases, undocumented
border crossers, and service members from past wars and conflicts. Carbon and nitrogen isotopes of human tissues reflect diet and can provide
information about food consumption patterns of deceased individuals. Oxygen, hydrogen, strontium, and lead isotopes reflect origin and can provide
more specific information regarding a decedent’s residence patterns at different points in time depending on the tissues sampled (e.g., hair, nails, bones,
and teeth). Isotopic reference data analyzed within a geospatial framework can be used to create isotopic landscapes (“isoscapes”) to predict possible
regions of origin of unidentified human remains. The current study applies these methods to a cold case from Nevada.

In 1980, the body of a female teenager (Arroyo Grande Jane Doe) was discovered along a freeway in Henderson, NV. Despite being found within 24
hours of death with minimal decomposition and the evidence of a tattoo and dental procedures, the decedent was not able to be identified. In subsequent
decades, the remains were exhumed four times to obtain a DNA profile, a facial approximation, and to conduct other forensic tests. In 2020, law
enforcement requested stable isotope testing to predict region of origin of the decedent and to generate new investigative leads. Samples for isotopic
testing were taken from a rib, a first molar tooth, and from hair that was obtained at autopsy and stored in evidence.

The hair sample was prepared at California State University, Chico (CSU, Chico) and submitted to the Stable Isotope Ratio Facility for Environmental
Research (SIRFER) Laboratory at the University of Utah for analysis of oxygen and hydrogen isotopes. The bone sample was prepared at CSU, Chico
and submitted to the Stable Isotope Facility at University of California, Davis (UC Davis) for analysis of carbon, nitrogen, and oxygen isotopes. Finally,
tooth enamel from the first molar was submitted to the Department of Geology and Geochemistry at Vrije University for analysis of carbon and oxygen
isotopes. Dietary isotopes values (C and N) of bone collagen and bone and tooth enamel bioapatite were consistent with the United States population.
Isotopic prediction maps were next generated using the ASSIGNR package for Oxygen (O) isotope values from the hair, bone, and tooth samples. The
tissue prediction maps showed substantial geographic overlap for the hair, bone, and tooth samples, and included states within the Pacific Coast, the
Southwest, the Great Plains, the Midwest, and the Northeast. While the state of Nevada could be excluded, California, Arizona, and New Mexico
represented the geographically closest prediction areas for consideration.

In 2021, Arroyo Grande Jane Doe was identified through forensic genealogy as a missing 17-year-old female from Artesia, NM. Although the isotope
data was not available until after they were identified, this case study provided an opportunity to evaluate the potential investigative value of the isotope
data. Odds ratios computed for predictions of origin were 15.348, 7.314, and 17.819 times more likely for New Mexico versus Nevada for the hair,
bone, and tooth samples, respectively. These data constrained the possible region of origin substantially for the decedent and provide a useful approach
for other cold cases.

Forensic Anthropology; Stable Isotope Forensics; Cold Cases
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A113 The Off-Season of Dental Cementum Investigations

Benoit Bertrand, PhD*, Univ. Lille, CHU Lille, ULR 7367 - UTML&A, Lille, Nord-Pas-de-Calais, FRANCE,; Carina Marques, PhD, Department of
Anthropology, The University of Texas Rio Grande Valley, Edinburg, TX; Ahmad Kaddoura, Univ. Lille, CHU Lille, ULR 7367 - UTML&A, Lille,
Nord-Pas-de-Calais, FRANCE; Anne Bécart Robert, DDS, PhD, Univ. Lille, CHU Lille, ULR 7367 - UTML&A, Lille, Nord-Pas-de-Calais, FRANCE;
Eugénia Cunha, PhD, National Institute of Legal Medicine and Forensic Sciences, Lisbon, PORTUGAL; Didier Gosset, MD, PhD, Univ. Lille, CHU
Lille, ULR 7367 - UTML&A, Lille, Nord-Pas-de-Calais, FRANCE; Valery Hédouin, MD, Univ. Lille, CHU Lille, ULR 7367 - UTML&A, Lille, Nord-
Pas-de-Calais, FRANCE

Learning Objective: After attending this presentation, attendees will be aware of the importance of critically evaluating dental cementum-based
methods for the season of death estimation.

Impact Statement: This presentation will impact the forensic science community by highlighting the importance of standardized protocols in dental
cementum investigation and by demonstrating the prospects and limitations of dental cementum as a method for estimating the seasonality of death.

Dental cementum refers to the mineralized connective tissue covering the root and shows a layered structure under light microscopy. An annual deposit
consists of a translucent band delimited by a dark incremental line. Dental cementum is increasingly considered a reliable age predictor and has been
adopted to broaden the age-at-death methods available in forensic anthropology, even if its limitations are just beginning to be acknowledged.

Even if the underlying mechanisms driving cementum apposition remain unclear, the dark incremental line is supposed to grow from late autumn to
early spring while the brighter band grows from spring to autumn. Based on this assumption, it has been suggested, for humans and non-humans, that
death seasonality could be estimated based on the outermost cementum deposit. Fifteen years ago, a study of human teeth indicated that dental
cementum predicted the season of death with 99% accuracy.! In the absence of further studies validating this approach, the question regarding whether
estimating season of death based on dental cementum represents a realistic and achievable goal can arise. This work, based on a software-assisted
procedure, aims to critically evaluate the applicability of dental cementum to estimate the season of death on a human dental reference sample.

The study sample consists of 20 canines extracted from individuals from the 21%-Century Identified Skeletal Collection, University of Coimbra,
Portugal, with documented age at death, sex, date of death, and dates of inhumation/exhumation. Fifty percent of the individuals died at the end of the
summer and 50% at the end of the winter. For each tooth, five non-decalcified 100um cross-sections were prepared using a standardized protocol.
Images of the region of interest, with the acellular cementum layered structure, were captured and imported into ImageJ software/Fiji package. To
reduce subjectivity in identifying the bright or dark nature of the outmost deposit, alternating luminance intensities were identified across the dental
cementum, and these were then compared with the ones of the outermost deposit.

The protocol enabled the software to categorize 95% of outermost cementum deposits into dark or bright classes, based on the luminance values;
however, the accuracy of season of death predictions was very low, reaching only 47.4%. This study shows that the identification of the outermost
deposit is highly challenging due to physical properties of dental cementum and the optical properties of the microscope’s objective lenses.

Interestingly, the accuracy rate for those who died at the end of the winter was higher (70%), likely due to a tendency for the software to interpret the
outermost deposits as dark.

Even with the use of a standardized protocol for preparation and a software-assisted analysis of luminosity, this study reveals inconsistencies in the
perception of the last band within and between cross-sections. Even more worrisome, the results demonstrate a low chance of correctly correlating the
outermost deposits with a spring/summer or fall/winter season and undermines the possibility of estimating the season of death of human remains,
particularly those exposed to taphonomic factors.

Reference:
I Wedel VL. Determination of season at death using dental cementum increment analysis. J. Forensic Sci. 52, 1334-1337 (2007).
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Al114 A New Method to Estimate Time Since Death Using Binary Observations and Random Forest Regression
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Knoxville, TN

Learning Objective: After attending this presentation, attendees will understand a new method for estimating time since death as
measured through Accumulated Degree Days (ADD) using a suite of 85 binary observations with random forest regression. Additionally,
attendees will learn techniques in model tuning and optimization for large datasets.

Impact Statement: The present research will impact the forensic community by allowing for more precise and less biased estimates of
ADD and by demonstrating alternative ways in which the postmortem interval can be studied and leveraged for practical application.

Estimating the postmortem interval through observed changes in human decomposition has been notoriously difficult within the
medicolegal community, especially once rigor and algor mortis have passed. Megyesi et al. introduced the Total Body Score (TBS)
wherein qualitative observations of the head and neck, trunk, and limbs were weighted and summed to provide a quasi-continuous score
that can then be used to estimate ADD.! The final model provided by Megyesi et al. resulted in an r-squared value of 0.84.! The aim of
the current study is to divide the body into more specific anatomical locations using only a suite of discrete observations (yes/no
questions) with random forest regression.

The current research took place over a span of three years and eight seasonal trials at the Anthropology Research Facility (ARF) at the
University of Tennessee, Knoxville, using a total of 51 human donors from the Forensic Anthropology Center’s (FAC) body donation
program. Donors were included in the study based on: (1) known time of death; (2) natural cause of death with no external trauma;
(3) donor weight between 150-250 pounds; and (4) not autopsied or embalmed. Once received at the FAC, each donor was set in a deep
freeze for at least 24 hours to equalize body temperatures. Each cohort of donors was removed from the deep freeze at the same time to
allow them to thaw to ambient temperature for 24 hours prior to placement at the ARF. All donors were placed unclothed in the supine
position at least three meters apart to ensure that microenvironment, topography, and exposure conditions were comparable among
donors without risking a bias in insect diversity.

The body was divided into 16 anatomical regions: head/neck, chest, abdomen, genitals, left and right (L/R) upper arm, L/R lower arm,
L/R hand, L/R upper leg, L/R lower leg, and L/R feet. Each body region was scored independently using the same set of binary
observations that describe aspects of bloat, skin coloration, skin appearance, purge, and insect activity for a total of 596 binary variables
scored per individual. Each donor was scored and photographed each day from placement through 2,000 ADD or until only skeletonized
and desiccated tissue remained. The final dataset includes 2,457 observation events, each with 596 binary responses. Temperature data
were recorded from the National Oceanic and Atmospheric Administration's National Climatic Data Center, wherein mean temperature
in Celsius was calculated for each observation day. Any temperature below 0 Celsius was still recorded as 0 Celsius because the freezing
temperatures inhibit decomposition processes.

Random forest regression was used to estimate ADD from the binary variables. Prior to model construction, the data were optimized
through a variable selection process, Variable Selection Using Random Forest (VSURF), and model parameter tuning for the optimal
number of variables to be tested at each decision node and trees for the forest. The final optimized model utilizes 85 variables, 40 of
which are tested at each node, and a forest of 870 trees. For the current study, the dataset was split into a 70% training set, a 15%
validation set, and a 15% testing set.

The random forest regression resulted in an overall r-squared of 0.83. The average absolute difference between actual and predicted
ADD (residual [R] ADD) is 82.28 ADD. Further, 50% of the predictions are within 57.97 ADD, 95% are within 259.54 ADD, and 99%
are within 376.60 ADD. The R ADD is consistent from 0 through 1,000 ADD where the model tends to overestimate ADD that continues
until about 1,500 ADD wherein the model overcorrects and begins to underestimate ADD until the 2,000 ADD limit was reached.

Forensic Science; Human Decomposition; Data Science
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A115 Animal Scavenging of Human Skeletal Remains in Western North Carolina

Maggie Klemm, BS* Department of Anthropology, University of Nebraska, Lincoln, Yorkville, IL

Learning Objective: After attending this presentation, attendees will gain an understanding of animal scavenging patterns and behaviors associated
with common scavengers in western North Carolina.

Impact Statement: This presentation will impact the forensic science community by providing regional data regarding animal scavenging and
behaviors observed in western North Carolina.

Animal scavenging is an important forensic taphonomic process that influences the rate of decomposition and often results in dispersal and damages
to bone. Despite their influences in taphonomic processes, extensive research related to animal scavenging and their effects on decomposition has yet
to be conducted. Currently, regional data pertaining to animal scavenging and behaviors is not well documented. A more thorough understanding of
the scavengers and the types of damages they cause in a particular region will aid professionals in the medicolegal field to analyze the events occurring
after death more efficiently.

Skeletal remains of 12 donors from the John A. Williams Human Skeletal Collection were examined for evidence of animal scavenging and subsequent
damages. The 112 donors were placed in the Forensic Osteology Research Station (FOREST) in Cullowhee, NC, between the years of 2019 and 2021,
leaving them exposed to natural elements and scavenging until they were mostly skeletonized. Donors were covered with plastic tarps until
skeletonization was nearly complete before being recovered for processing. Some donors were covered with wire caging to deter scavengers and keep
skeletal elements from being scattered in the facility. Vultures were unable to get into this wire caging, but opossums were able to fit underneath and
continue scavenging. Motion-sensing game cameras were placed near each donor and the footage was analyzed to document the damages and dispersal
of skeletal elements and identify which scavengers caused these changes. The collected skeletal elements from each donor were placed in an anatomical
position to be examined. Using an Excel® spreadsheet, notes were taken regarding the presence and absence of each bone, as well as indications of
damages on each bone caused by scavengers. Data were examined through determining the percentage of each of the skeletal elements present for the
12 donors. These data were compared to the percentage of each skeletal element having damages resulting from scavengers. Of the 12 donors, 19 of
the 24 (79.16%) tibiae had puncture damages resulting from animal scavenging. The specific location and frequency of animal scavenging was
analyzed, concluding that for the 12 donors, 13 of the 24 tibiae (54.16%) had damages from animal scavenging located on the proximal end, and 11 of
the 24 tibiae (45.83%) had damages located distally. Of the skeletal elements, the hand and foot bones belonging to the donors were among the least
frequent to be recovered, largely due to scavenger dispersal and/or consumption.

This survey reveals that in the western North Carolina region, common animal scavenger species include turkey vulture (Cathartes aura), black vulture
(Coragyps atratus), Virginia opossum (Didelphis virginiana), black crow (Corvus brachyrhynchos), and brown mice (Mus Musculus). Of the noted
animal scavengers, both species of vultures and opossums had the most significant impacts on the rate of decomposition of the donors in this study and
frequently left distinctive damages on the skeletonized remains as a result. Vultures consume soft tissues, accelerating the rate of decomposition, often
leaving scratches on the surface of the skeletal remains from their beaks and talons and contribute to the dispersal of remains.!"* Opossums were
observed to consume hands and feet partially or completely, their teeth producing gnaw marks, punctures, and splintered ends.* This survey suggests
that when estimating a postmortem interval and evaluating events at a scene, the effects of animal scavengers, such as acceleration to decomposition
rate and damages to skeletal elements, must be considered. Additional research in this region and other geographical areas is required to offer more
comprehensive knowledge of animal scavengers and their behaviors, which will aid in forensic contexts and scenes that have been modified by
scavengers.

References:
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