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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 2024 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
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AMERICAN ACADEMY OF
FORENSIC SCIENCES

Special Sessions—2024

S1 Oh, the Places You’ll Go! Exploring the Pathos to Justice for All

Dayla Rich, PhD, Union County Sheriff’s Office, Monroe, NC; Claire Cartozzo, PhD, Worldwide Counter Threat Solutions, Louisa, VA; Cheryl Hunter,
AAFS, Colorado Springs, CO; C. Ken Williams, MS, JD, NJSP Office of Forensic Sciences, Hamilton, NJ; Emily Rue, PhD, U.S. Army Criminal
Investigation Division, Atlanta, GA; Christopher Thompson, MD, David Geffen School of Medicine at UCLA, Los Angeles, CA; Alex J. Krotulski, PhD,
CFSRE, Abington, PA; M. Gabriela Roca, PhD, SERATEC mbH, Goettingen, Niedersachsen, Germany,; Krystal R. Hans, PhD, Purdue University,
West Lafayette, IN; Dirk M. Vastrick, BA, Dirk Vastrick Presents, Spokane Valley, WA; Anna S. Duggar, PhD, Loyola University, New Orleans, LA;
Beth S. Goodspeed, MS, MA State Police Crime Laboratory, Bellingham, MA; Joe Adserias-Garriga, DDS, PhD, Department Applied Forensic
Sciences, Mercyhurst University, Erie, PA; Deirdre Amaro, MD, Boone/Callaway County Medical Examiner’s Office, Columbia, MO; Michelle R.
Peace, PhD, Virginia Commonwealth University, Richmond, VA; Davette Gadison, MA, Tulane University, Bangkok, Krung Thep, Thailand; Katarzyna
Michaud, MD, University of Lausanne/University Hospital in Lausanne, Vaud, Switzerland; Jeremy Boone, MS, Thermo Fisher Scientific, Moseley,
VA; Marilyn Miller, EdD, Virginia Commonwealth University, Chesterfield, VA

Program Description: This full-day session will present the opportunity for attendees to learn about the many career paths one can take in the forensic
science community and how each play a unique role in promoting justice for all and advancing the field.

Educational Objectives: The Young Forensic Scientists Forum (YFSF) offers students and young professionals the opportunity to interact with
professionals in the forensic science community as they begin their careers. This session presents attendees with the chance to learn about the multitude
of careers available in forensic science as well as develop professional skills that are essential for the job-hunting process. Our mission is to provide
the education, mentorship, and resources necessary to champion students and young forensic scientists to promote interest, membership, and
participation with AAFS and the forensic science community for years to come.

Impact on the Forensic Science Community: After attending this session, attendees will have a better understanding of the diversity of roles and
career paths in the forensic science community and how each play an integral part in furthering the field on a national and international level.
Additionally, attendees will have the opportunity to sharpen their professional skills in resume writing and making impactful introductions.

The overall theme of the 2024 AAFS Conference is Justice for All. As AAFS President C. Ken Williams has stated, justice for all is at the core of the
AAFS Vision Statement, and this principle reminds us why we all must strive to perform at our best in this field. For this year’s YFSF Special Session,
the YFSF committee has chosen the theme O#, the Places You'll Go! Exploring the Paths to Justice for All to showcase the various career paths young
forensic scientists can choose in order to promote justice for all. A multidisciplinary approach only works to advance the field to achieve this mission.

The speakers for this year’s session have a vast range of knowledge and experiences that will shed light on the innumerable ways forensic scientists
work and collaborate to bring justice for all. Specifically, our presenters will showcase various disciplines in forensic science, speak about performing
research in the field, offer professional development advice as well as offer international perspectives and practices. The YFSF offers this session in
an effort to integrate young professionals and students into the field through presentations by professionals with significant experience in the field.
Further, the session this year will offer a resume review workshop, so do not forget to bring your updated resume to the session! Also, new to the
session this year, we will offer an end-of-the-day mixer for attendees to have an opportunity to meet and speak with the session’s presenters as well as
other distinguished professionals representing a multitude of forensic science disciplines and expertise. We are once again excited to announce that
YFSF has collaborated with The Center for Forensic Science Research and Education to honor and award two outstanding scientists for their
contributions to the forensic science community.

YFSF; Global; Student
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S2 Interdisciplinary Symposium: With Liberty and Justice for All: The Role of Forensic Science in
Truth and Fairness

Claude Roux, PhD, University of Technology Sydney, Ultimo, New South Wales, Australia; Patrick Buzzini, PhD, Sam Houston State University,
Huntsville, TX; Jessica Volz, DNP, Adventist HealthCare Shady Grove Medical Center, Rockville, MD; Michelle D. Miranda, PhD, The Center for
Criminal Justice Studies-Farmingdale State College (SUNY), Farmingdale, NY; Antonel Olckers, PhD, African Forensic Sciences Academy, Pretoria,
Gauteng, South Africa; Bernice B. Donald, JD, Resolute Systems LLC, Eads, TN, Keith Inman, MCrim, California State East Bay, Hayward, CA;
Adam Freeman, DDS, Westport, CT; lain Pretty, BDS, PhD, Manchester Science Park, Manchester, England, United Kingdom; Sarah P. Chu, PhD,
Director of Policy and Reform, Perimutter Center for Legal Justice at Cardozo Law, New York, NY

Program Description: This half-day Interdisciplinary Symposium will discuss the influence of forensic science on the concept of Justice for All.
Presentations on forensic science’s foundational principles, ethics, and evolving definitions will be explored through an in-depth discussion of the
Sydney Declaration. The importance of scientific rigor and the role of transparent utilization of knowledge grounded in proper forensic science
principles in ensuring the preservation of fair and just judicial and humanitarian outcomes will be highlighted by presenters discussing forensic science
policy and context-specific challenges impacting innocence work and wrongful convictions. The last half of the symposium will be focused on
understanding similarities and differences in the past and current real-world application and role of forensic sciences to the justice system in the United
States, the United Kingdom, and South Africa/Africa. The aspiration of working toward a world where there is Justice for All is in the hearts of many
forensic scientists. This presentation will discuss the application of forensic science to the basic human right of access to justice and open discussion
about the future of the intersection of societal needs, science, and law.

Educational Objectives: Upon completion of this workshop, attendees will: (1) articulate the basic principles outlined in the Sydney Declaration and
describe its significance; (2) discuss reasons why scientific rigor and transparent application of science grounded in proper forensic science principles
is criticle to ensuring justice; and (3) explain some of the similarities and differences in the application of forensic sciences to justice in the United
States, United Kingdom, Australia, and South Africa/Africa.

Impact on the Forensic Science Community: This symposium will impact the forensic science community by providing novice and expert forensic
scientists the opportunity to gather, learn, and discuss the role and significance of their practices on the concept of Justice for All. Sharing and
highlighting knowledge on the foundational principles outlined in the Sydney Declaration, the acknowledgment of forensic science’s role in seeking
truth, and examination of forensic science application in areas across the globe will lay the foundational knowledge to inspire conversation about the
history, current state, and future of forensic science's role in justice in the world. This presentation will underline why it is a critical duty and ethical
obligation of forensic scientists to understand the intersection of the principles, limitations, and rigor of science in supporting justice for victims of
crime and the accused.

The concept of truth is fundamentally tied to the concept of justice, "the ethical, philosophical idea that people are to be treated impartially, fairly,
properly, and reasonably by the law . . .> Regardless of their discipline, forensic scientists play a critical role in the integrity of criminal justice systems
across the world. Historical examples (e.g., the Salem Witch Trials) of accused persons receiving baseless or unjust legal outcomes that result in
imprisonment and death are limitless.>* Likewise, the number of victims who have been unbelieved, blamed, and have been ignored or denied justice
is countless.® Rumors, unchecked political authority, flawed forensic science, and hysteria are some examples of historical reasons for miscarriages of
justice.**” For millennia, mankind has faced challenges with understanding forensic sciences’ role in safeguarding justice regardless of culture, race,
age, and form of the justice system.

Today, some of these underlying threats to justice continue to exist. Organizations focused on wrongful convictions and exonerations, including the
Innocence Project, cite eyewitness misidentification, misapplication of forensic science, false confessions, official misconduct, and coerced pleas as
threats to the accused.® Threats to a victim’s ability to seek and obtain just outcomes in the world often include disbelief, policies that restrict access to
help, and criminal justice systems that are not designed to account for the nuances of interpersonal crimes, with Gender-Based Violence and Femicide
(GBVF) as one example of non-optimal systems globally.”! Forensic scientists should understand how science applies to understanding truth and
ensuring Justice for All.

This Interdisciplinary Symposium will explore the challenges, limitations, advances, and successes of forensic science in supporting justice today. The
foundational principles of forensic science will be discussed by experts on the Sydney Declaration and describe why every forensic practitioner and
researcher must be familiar with how its principles impact their work.!! The topic of unjust outcomes and wrongful convictions in historical and modern
times will be focused on by discussing innocence work and forensic science policy. This discussion will also explore the impact delays in justice and
wrongful convictions have on victims who already face many challenges in receiving justice.

The final section of the symposium will consist of a panel of forensic experts from four countries and an expert in ethics. This interview-style panel
will provide a forum for these experts to discuss the similarities and differences of forensic science application to justice systems across the world. The
future of forensic science’s role in ensuring impartial, fair, and proper application of justice will round out the discussion, followed by time for questions
from the audience.

Copyright 2024 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 The Boundaries of Judicial Discretion in Admitting Forensic Scientific and Technical Evidence

Stephanie Domitrovich, JD, PhD¥*, Administrative Office of PA Courts, Erie, PA; Milton Nuzum III, JD¥*, Vincent, OH

Program Description: In this presentation, Judge Stephanie Domitrovich and former Judge Milt Nuzum will facilitate an interactive dialog with the
session attendees as they examine a series of cases and scenarios that test the limits of a trial judge’s judicial discretion in admitting scientific and
technical forensic evidence. Attendees will analyze a series of scenarios based on actual cases and place themselves in the role of a trial judge in making
decisions on admissibility of the evidence in each scenario.

Educational Objectives: The goals of this presentation are: (1) to examine a series of cases and scenarios that test the limits of a trial judge’s judicial
discretion in admitting scientific and technical forensic evidence; and (2) to help attendees understand the Rules of Evidence and relevant case law that
establish the guidelines a trial judge must follow in making critical decisions on the admissibility of scientific and technical forensic evidence.

Impact Statement: Attendees will analyze a series of scenarios based on actual cases and place themselves in the role of a trial judge in making
decisions on the admissibility of the evidence in each scenario. This dynamic presentation will impact the forensic science community by enabling
prosecutors, defense attorneys, judges, and expert witnesses to be prepared to successfully face the scrutiny of the court when seeking admissibility of
scientific and technical forensic evidence in cases where the outcome likely hinges on the testimony of an expert witness.

The presenters will review the Rules of Evidence and relevant case law that establishes the guidelines a trial judge must follow in making critical
decisions on the admissibility of scientific and technical evidence. Attendees will analyze a series of scenarios based on actual cases and place
themselves in the role of the judge in making decisions on admissibility of the evidence in each scenario. This dynamic presentation will enable
prosecutors, defense attorneys, civil litigators, and expert witnesses to be better prepared to successfully face the scrutiny of the court when seeking
admissibility of forensic scientific and technical evidence in cases where the outcome likely hinges on the reliability of the testimony of an expert
witness. Trial judges have wide discretion in Daubert jurisdictions versus how trial judges admit scientific and technical evidence in Frye jurisdictions.
The differences between the admissibility of scientific and technical evidence in both types of jurisdictions will be discussed. Trial judges are considered
to have more active roles as gatekeepers of expert testimony rather than trial judges in Frye jurisdictions. Under Federal Rule of Evidence 702, the trial
judge must determine that the expert’s opinion, as well as the basis and methods used by the expert to reach that opinion, are both relevant and reliable.!
Federal Rule of Evidence 702 was recently amended to clarify the application of the preponderance of the evidence standard for admissibility of
evidence as required by Federal Rule of Evidence104(a). Moreover, the new language in Federal Rule of Evidence 702 clarifies the trial judge’s role
in determining the conclusions reached by the expert and the methodology applied to reach those conclusions. Previously, a significant number of
courts had taken a liberal view of the admissibility standard and determined expert testimony was presumed to be admissible and hence improperly
had the jury make these determinations. Indeed, the trial judge’s gatekeeping role in Daubert jurisdictions means the trial judge must more closely
scrutinize an expert’s proffered testimony before said expert’s testimony is presented to the jury. Court-appointed experts under Federal Rule of
Evidence 706 can be very helpful to the court for their gatekeeping role.

Reference:
I Federal of Evidence 702, Federal Rule of Evidence 706, Federal Rule of Evidence 104(a), Daubert and Frye cases.

Discretion; Judicial; Boundaries
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CB2 Xylazine—An Emerging Cause of Death in Correctional Institutions

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

Program Description: The unregulated veterinary drug xylazine is emerging as a cause of death in state correctional facilities. Unlike the drug fentanyl, there
is no antidote. The origins and toxicity of the drug are discussed and illustrated with a case study of an offender death due to xylazine mixed with fentanyl.

Educational Objectives: The goals of this presentation are to: (1) identify physical symptoms of xylazine use, (2) identify treatment for xylazine overdose, and
(3) obtain proper toxicology samples in case of fatal overdose.

Impact Statement: This presentation will impact the forensic science community by informing attendees that the importance of recognizing signs/symptoms
of xylazine use cannot be overstated. As an emerging drug, xylazine is not always included in basic forensic panels, so expanded testing is recommended.
Xylazine has no approved antidote for humans. It is NOT a federally controlled substance, so has the propensity to be easily obtained.

Xylazine, known on the street as “tranq,” is making its mark on a rural Missouri county, showing up in the local maximum security prison resulting in two
offender deaths within six months. Unlike fentanyl, which is identified and treated emergently with narcan, xylazine has no approved antidote for humans. It is
NOT a federally controlled substance.

Xylazine is an analog of the common drug clonidine, used to treat hypertension, but is only authorized for veterinary use due to its potentially lethal side effects
that include bradycardia and profound hypotension. It is an a2-adrenergic agonist that acts via stimulation of central a2- receptors. Xylazine was discovered in
1962 by Farbenfabriken Bayer after Bayer and Farben reconsolidated in 1951 after the earlier IG Farber was dissolved by the allies following World War II.
Early clinical studies confirmed its effects on the central nervous system, and today it is only approved in the United States for use as a sedative, analgesic, and
muscle relaxer in dogs, cats, horses, and various deer species.

Human use of xylazine first became apparent in Puerto Rico in the year 2000. Philadelphia has been extremely hard hit by the drug, with the first detection in
that city in 2006. The number of fatal overdoses in Philly involving xylazine have increased every year since its introduction. Despite being a medication
approved only for use in certain animals, xylazine is relatively easy to purchase and is available online on several veterinary medicine sites (current price: $26.95
for 100mg), requiring a prescription from a veterinarian. In most cases, xylazine is mixed with another drug, frequently fentanyl. While narcan reverses the
effects of fentanyl, death can still occur with fatal overdose cases seen with xylazine levels from trace to 16ml/L. There is no “safe”” dose of xylazine in humans.

Effects are usually seen within 15 minutes after administration, with sedative effect lasting 1-4 hours. The drug diffuses readily throughout the body, penetrating
the blood-brain barrier; 70% of the dose is eliminated in the urine, making it useful in detecting xylazine intoxication. Due to rapid metabolism, xylazine
decreases fairly rapidly to undetectable levels, so procurement of toxicological specimens as soon as possible is recommended. Although there is no approved
antidote to xylazine in humans, the drug has been effectively counteracted in veterinary practice. The natural herb yohimbine, a a2 adrenergic antagonist, has
been shown to reverse the antihypertensive effects of xylazine in dogs and elephants.

The drug atipamezole is another a2-antagonist used to reverse the effects of xylazine, and while tested in humans in Phase I trials, it is not an approved medical
treatment for xylazine overdose. As xylazine is commonly injected and mixed with other drugs, particularly fentanyl, the symptoms of pinpoint pupils, physical
deterioration, dependence, and track marks will be evident. In addition, chronic xylazine users develop serious non-healing infected skin ulcers due to skin
oxygen deficit following hypotension, bradycardia, and respiratory depression secondary to use of the drug. The ulcers may ooze pus and have a characteristic
odor. In severe cases, amputations must be performed on the affected extremities.

As an emerging drug contributing to fatalities in correctional institutions with no antidote approved for human use, personnel in correctional medical facilities
should be aware of the presence of xylazine. Markers of xylazine use include very distinct odorous pustular lesions that can be found anywhere on the body due
to the ability of the drug to rob the skin of oxygen. Currently, there is no field test for xylazine, but it is readily detected in blood or urine in expanded testing
completed by forensic laboratories.'”

References:
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CB3 Vacuous Accreditation: The Illusion of Quality in Forensic Science

Tiffany A. Roy, MFSF*, ForensicAid, LLC, West Palm Beach, FL; Kimberly S. Kunkler, PhD, Marshall University, Huntington, WV

Program Description: This presentation will call attention to gaps in the quality oversight structure by questioning the current perceptions of forensic
laboratory accreditation, highlighting its strengths and limitations, providing specific examples of where failures have occurred, and discussing potential
opportunities for improvement.

Educational Objectives: This presentation is intended to highlight common misconceptions regarding accreditation and quality assurance in United
States forensic laboratories. Accreditation is often misdescribed by practitioners and misunderstood by judges and juries. As a result of participation in
this presentation, attendees will gain a clearer understanding of the role of forensic laboratory accreditation in the United States, including its strengths
and limitations.

Impact Statement: This presentation will impact the forensic science community by fostering discussion about what meaningful and effective forensic
science oversight would look like in the United States and why current accreditation frameworks are insufficient to ensure production of accurate and
reliable forensic results. This presentation will draw the attention of justice partners to the need for statutory oversight of forensic science on the state
and federal level in the image of the Texas Commission on Forensic Science.

Following nearly 15 years of calls for standardization and meaningful oversight in the forensic sciences by numerous independent bodies, significant efforts
(including the investment of millions of dollars and thousands of volunteer hours) have been dedicated to the development of consensus standards to aid
forensic science service providers on the path toward strengthening forensics in the United States. However, the United States still does not have a regulating
body or other mechanism for meaningful oversight in place at the national level, or in most states. Forensic laboratory accreditation is often perceived by
the community and stakeholders as a means of oversight through its role in ensuring that service providers are properly adopting and implementing the new
and improved standards, and that service providers are producing accurate and reliable results. Unfortunately, such perceptions of forensic laboratory
accreditation often far exceed its realistic abilities, making accreditation a poor substitute for oversight by a regulating body.

It is true that forensic laboratory accreditation can be effective at checking that a management system addressing concepts related to quality and
reliability is in place, as well as checking that the laboratory is following the rules it sets for itself within its management system. However, forensic
laboratory accreditation is currently not effective at ensuring that best practices are being utilized or that the reported results are complete and technically
accurate. Furthermore, accrediting bodies often lack transparency in their operations, do not respond to stakeholder concerns or formal complaints in a
timely manner, and actively perpetuate false claims of their function that are misleading to customers, stakeholders, and the public.

Accreditation; Accuracy; Quality Assurance
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CB4 2023 State Legislative Encroachments Against Forensic Pathology Professionalism and Independence:
Harbingers of Future Threats and the Opportunity for Strategic Planning and Action

M.J. Menendez, JD*, Willow Grove, PA; Joyce L. deJong, DO, Department of Pathology, Western Michigan University, Homer Stryker M.D. School
of Medicine, Kalamazoo, MI

Program Description: In 2023, the independence of forensic pathology in the context of Medicolegal Death Investigations (MDIs) was directly
attacked by the introduction of various state legislative proposals and bills passed into law. These legislative proposals and laws erode the ability of
forensic pathologists to maintain impartiality and objectivity, mandate particular findings on death certificates, and allow non-physicians to perform
autopsies. The cause for alarm is heightened by the apparent lack of scientific and medical underpinnings in the bills and laws. This program will
address threats to the independence and neutrality of MDI and the medical practice of forensic pathology.

Educational Objectives: After attending this presentation, attendees will understand the importance of monitoring and evaluating state legislative
proposals through a prioritized, anticipatory process. Vigilance in monitoring is warranted due to the recent uptick in legislative proposals and passed
bills that dictate processes and outcomes in MDIs. The information obtained by attendees will enable proactive and informed responses to proposed
legislation that encroaches on the independence of forensic pathology and MDIs.

Impact Statement: This presentation impacts the forensic science community by exposing threats to the independence and neutrality of MDIs and the
medical practice of forensic pathology and by encouraging forward-leaning responses to ward off such threats.

MDIs are performed by coroner or medical examiner offices to explain the occurrence of unexpected, suspicious, and violent deaths, and to diagnose
threats and offer preventative guidance for avoidance of premature death in the living. Forensic pathologists are essential to MDIs, as they employ
specialized medical training to reach medical diagnosis relating to cause and manner of death. Forensic pathologists use external examination, medical
records, pathology, histology, toxicology, and a surgical procedure known as the autopsy to determine presence or absence of diseases, poisons, or
external factors that caused death. The Centers for Disease Control and Prevention Vital Statistics System, which provides foundational, baseline data
for innumerable federal, state, and local entities, relies universally on accurate and objective autopsy, toxicology, and related findings as to cause and
manner of death.

In 2023, the independence of forensic pathology in the context of MDIs was directly attacked by the introduction of various state legislative proposals
and bills passed into law. These legislative proposals and laws erode the ability of forensic pathologists to maintain impartiality and objectivity, mandate
particular findings on death certificates, and allow non-physicians to perform autopsies. The cause for alarm is heightened by the apparent lack of
scientific and medical underpinnings in the bills and laws.

In Texas, HB 6 and companion SB 645 mandated that death certificates include the term “Fentanyl Poisoning” if toxicology examination reveals
fentanyl or fentanyl-related substances in previously identified lethal amounts and autopsy results are consistent with opioid overdose as the cause of
death. Illinois SB 1086 mandated the inclusion of “Fentanyl Poisoning” on death certificates under similar circumstances. These bills undermine the
independence of forensic pathologists to consider all the facts and circumstances in a case, and additionally assume there is a universally agreed upon
lethal concentration of fentanyl, which there is not. On June 14, 2023, Texas HB 6 was signed into law.

Indiana’s HB 1286, another bill relating to the fentanyl crisis, mandated testing body fluids for any amount of xylazine, including trace amounts, if the
coroner reasonably believes that the cause of death was due to overdose. Legislative proposals such as HB 1286 would increase the workload and costs
for state health departments and toxicology laboratories, as well as compromising forensic pathologist independence. HB 1286 was signed into law on
April 20, 2023.

In Oregon, SB 953 was engrossed by the Senate on April 17, 2023, after a March introduction, with a heading that reads, in pertinent part: “Provides
that a physician assistant or nurse practitioner may be appointed as county medical examiner or assistant county medical examiner and may perform
autopsies in deaths requiring investigation. Directs Chief Medical Examiner to provide training and supervision to physician assistants and nurse
practitioners in performance of their duties.” While the language of the bill was softened slightly in the amendment process, the bill was recommended
for passage in committee and went to fiscal review and public comment before dying at adjournment of legislature.

Vigilant monitoring of state-specific legislation is essential to remaining in front of changes so that temporally effective, scientifically informed
responses can be formulated. Attendees will be provided with governmental and open-source electronic resources that can be utilized to track bills and
legislative movement in their respective states.

Conclusion: Laws and regulations that intrude into the independence of the medical diagnosis of death threatens the independence of medicine writ
large. Heightened vigilance is called for among all those working in forensic science, and particularly in MDI systems, to monitor, challenge, and resist
evolving legislative activity that threatens to encroach and erode the independence of forensic pathology diagnosis and conclusions.

Legislation; Fentanyl Toxicity; Xylazine
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CB5 Protecting the Innocent: The Urgent Need to Research When, and Under What Circumstances, DNA
Evidence Can Lead to Wrongful Convictions

J.D. Schmid, JD*, Sixth District Public Defender’s Office, Duluth, MN

Program Description: This presentation will address how two recent trends in forensic DNA analysis require stakeholders to re-evaluate the power
of DNA evidence to accurately distinguish the guilty from the innocent. First, courts must learn to account for the increased sensitivity of current DNA
testing methods and the ensuing risk that DNA recovered from a crime-scene is unrelated to the crime. Second, courts must learn to account for the
increased use of probabilistic genotyping software programs and common misunderstandings about the meaning and limitations of the subsource
likelihood ratios generated by such programs. Research exploring how each of these trends impacts stakeholders’ abilities to distinguish the guilty from
the innocent is urgently needed to prevent wrongful convictions.

Educational Objectives: The goal of this presentation is to explore the urgent need to further research how recent technological advancements in
forensic DNA analysis are impacting the administration of justice in the American criminal court system.

Impact Statement: Several members of the forensic science community have either: (1) identified common misunderstandings about likelihood ratios
among lay people, or (2) recognized the impact of highly sensitive testing methods on the detection of irrelevant DNA at a crime scene. The materials
discussed in this presentation will impact the forensic science community by hopefully providing empirical guidance to practitioners and decision
makers in cases where the presentation of subsource likelihood ratio could lead to a wrongful conviction. This presentation will also hopefully
encourage researchers with technical expertise and resources to study whether existing procedural safeguards are sufficient to protect innocent
defendants faced with incriminating DNA evidence.

The primary goal of criminal courts is to distinguish the guilty from the innocent. Forensic DNA analysis has historically provided the court system
with a powerful tool to make this distinction. DNA evidence has allowed courts to hold perpetrators of previously unsolvable crimes accountable for
their conduct. Hundreds of exonerees also owe their freedom to the power of DNA evidence.

Two recent trends, however, require careful consideration of the potential for DNA evidence to mistake the innocent for the guilty. First, current DNA
testing methods have become incredibly sensitive. The risk that an innocent person’s DNA will be detected in crime-scene stain is greater now than at
any other time. This risk will continue to grow as technological advances allow laboratories to generate full profiles from increasingly small amounts
of DNA. Courts must therefore learn how to account for the irrelevance of some DNA associations. Knowing when, and under what circumstances,
irrelevant DNA poses an intolerable risk of wrongful conviction must be understood.

Second, courts must learn how to account for common misunderstandings about the meaning and limitations of subsource likelihood ratios. Most
laboratories have implemented, or are in the process of implementing, probabilistic genotyping software programs. The laboratory reports and analyst
testimony derived from these programs generally express weight of evidence in the form of a subsource likelihood ratio. Subsource likelihood ratios
are often misunderstood and/or misrepresented by stakeholders in the criminal justice community. Research has identified a tendency among laypersons
to misinterpret likelihood ratios by “transposing the conditional” or by using a subsource likelihood ratio to draw inferences about source or activity
level propositions. Little is known about whether such misunderstandings persist in the face of properly limited testimony and, more importantly, how
misunderstanding the meaning and limitations of a subsource likelihood ratio impacts a stakeholder’s ability to distinguish a guilty defendant from one
who is innocent.

Several procedural safeguards exist that may allow courts to account for the risks outlined above. Tools such as cross-examination and evidentiary
rules are frequently used to mitigate the impact of potentially misleading evidence. Confidence in the ability of such safeguards to prevent wrongful
convictions should not, however, be assumed. Empirical data is necessary to determine when, and under what circumstances, DNA evidence may lead
to wrongful convictions, and whether any of the procedural mechanisms available to courts are sufficient to prevent such injustices.

Upon completion of this program, attendees should be able to recognize how recent trends in forensic DNA analyses could lead to wrongful convictions
if not properly addressed. Attendees should also be able to recognize the urgent need to research whether, and to what extent, existing procedural
safeguards are sufficient to prevent wrongful convictions.

Activity Level; Score Likelihood Ratios; Wrongful Conviction
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CB6 New Jersey’s Top 10 Most Wanted: Anthony Mota Apprehended

Anna W. Delaney, MA*, New Jersey State Police, Hamilton, NJ

Program Description: This presentation will cover how the New Jersey State Police Fugitive Unit, New Jersey State Police Office of Forensic Sciences
Forensic Anthropology Unit, and the United States Marshal’s Office were able to locate and close one of New Jersey’s Top 10 Most Wanted cases—
the case of Anthony Mota. Even in death, we strive to resolve and provide closure and justice to our victims and their families.

Educational Objectives: After attending this presentation, attendees will understand how to execute an international exhumation, gain knowledge of
the valuable resources that the United States Marshal’s Office can provide for assistance in cases, learn what samples provide the best DNA results,
and the importance of documentation throughout a complex case.

Impact Statement: This presentation will impact the forensic science community by bridging the gap between international agencies working to
achieve the same goals, demonstrating how to work collaboratively with multiple agencies across domestic and international jurisdictions, and
informing attendees of the resources available from federal agencies.

Anthony Mota committed several heinous crimes, including a brutal murder in 1997 that occurred in New Jersey. Mr. Mota was federally indicted in
1998 for charges including murder, kidnapping, racketeering, arson, possession of a weapon for unlawful purposes and theft by extortion; however, he
evaded apprehension by fleeing to his native Dominican Republic after the murder was committed.

This presentation will discuss how the New Jersey State Police Fugitive Unit and United States Marshals were able to locate Mr. Mota in the Dominican
Republic, where he lived a double life under an alias until his death in June 2021. Due to his death, authorities were unable to extradite him alive back
to the United States. Through investigative interviews in the United States and Dominican Republic, the true identity of his alias became apparent,
showing that Mr. Mota had finally been found after all these years. The New Jersey State Police Office of Forensic Sciences Forensic Anthropology
Unit helped develop and implement an international exhumation and retrieved his remains for anthropological examinations and DNA analysis in the
United States. Through the assistance of multiple state and federal agencies, the identity of one of New Jersey’s most wanted was confirmed.

This presentation will demonstrate how, after 25 years on the run, the collaboration of multiple agencies led to justice for all through the identification
of one of New Jersey’s Top 10 Most Wanted Individuals and the closure provided for the family of the victim. A plethora of technologies were
employed to not only locate Mr. Mota, but also to scientifically confirm his identity. No matter the length of time or how a cold case seems impossible
to resolve, the dedication of the men and women in law enforcement continue to provide justice for the citizens of New Jersey.

Anthropology; Exhumation; Homicide
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CB7 Operation Death Harvester: How the FBI Is Dismembering the Illegal Trade in Human Body Parts

Paul Micah Johnson, PhD¥*, Federal Bureau of Investigation, Detroit, MI

Program Description: This presentation is a case review of the largest human body parts industry investigation in the Federal Bureau of Investigation’s
(FBT’s) history. Death Harvester was opened by the author as an organized crime case in the Detroit Field Office in 2011. Its purpose was to investigate
the illegal sale of human remains for research and education that was taking place through a network of anatomical supply companies. What started
with the finding of severed heads in a rusty van ultimately resulted in the seizing of thousands of human remains across the country, the closure of four
body donation programs, the arrest and conviction of seven individuals, and the identification, cremation, and return of human remains to hundreds of
victim families.

Educational Objectives: This presentation will help the attendee to better understand the global trade in human remains for research and education,
the common crimes associated with the trade, what has been, and can still be, done to stop the illegal activity, and the roles that forensic science
professionals can play.

Impact Statement: The expertise of forensic pathologists and forensic anthropologists is regularly needed in criminal investigations of the human
body parts trade, as are the skills of fingerprint examiners and a range of DNA specialists. Having a broad understanding of this industry and its
common crimes will better prepare these forensic science professionals to assist with ongoing efforts to stem some of the rampant illegality.
Additionally, this presentation will impact the forensic science community by helping all attendees better understand the risks associated with donating
one’s body to science.

On the night of October 23, 2011, the driver of a rusty navy-blue Ford® Econoline® van attempted to cross the international border between Canada
and the United States. In the back of the van were several picnic coolers and in them, something the United States Customs and Border Protection agent
did not expect. Each cooler contained five standard kitchen trash bags and each trash bag contained a wet object about the size of a large bowling ball.
What the agent saw when he opened the bags was “the most cruel and inhumane thing that I have ever encountered on the job.” He followed up with
“I want to see everyone associated with this brought to justice.”

Death Harvester is the name of the FBI case that was initially opened to investigate the illegal activity of Arthur Rathburn, former University of
Michigan Willed-Body Program Coordinator, owner of International Biological, Inc. (IBI) and the driver of that navy-blue van. Death Harvester was
the first criminal enterprise case of its kind in the FBI, investigating the international market in human body parts. The case centered on a network of
so-called “body brokers” and willed-body-to-science businesses with extensive interstate and international connections. These entities fraudulently
obtained, then dismembered, packaged, and sold or leased human body parts to a vast network of medical researchers, medical equipment developers,
pharmaceutical companies, and individual domestic and foreign buyers. Many of the body part donors had tested positive for serious infectious
disecases—a fact that sellers went to great pains to hide from buyers. This presentation will discuss the details of the Death Harvester case and will
include the roles played by forensic professionals in its successful outcome.

Death Harvester was worked with direct assistance from the Centers for Disease Control and Prevention (CDC), the Arizona Office of the Attorney
General, and the United States Department of Transportation, Office of Inspector General. Additionally, the Office of the Wayne County Medical
Examiner, the FBI Technical Hazards Response Unit, the FBI Evidence Response Team Unit, and the FBI Laboratory were critical to the safe handling
and analysis of thousands of seized human remains. Much of the case was prosecuted by the United States Attorney’s Office for the Eastern District of
Michigan.

Cadaver; Human Remains; Unidentified Persons
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CB8  Online Child Exploitation: Proactive Law Enforcement Strategies

Paul C. Graf, MS*, Independent Consultant of Child Abuse Legal Matters, Sr. Special Agent, NCIS (Retired), Castle Rock, CO

Program Description: Under any other circumstances, a child sex offender would have to approach a child and converse, which is a much more
difficult hurdle in terms of circumstance, intellectual capability, and social functioning. Online communication has dispensed with much of the social
skills and verbal communication required to seduce a child, which may have deterred some offenders, and given them direct access to children, many
of whom are online with little or no adult/parental supervision. In response to this crisis, law enforcement has adopted a number of proactive strategies
to enforce child-protective criminal statutes. Those statutes, the communication elements of the internet, and the development of law enforcement
efforts in this field will be discussed.

Educational Objectives: After attending this presentation, attendees will: (1) learn what conduct on the part of individuals expressing a sexual interest
in children is illegal, and what conduct, though possibly objectionable, is protected by United States Constitutionally guaranteed freedoms; (2) learn to
identify the various communication elements of the internet; (3) be able to understand how persons expressing a sexual interest in children make use
of the various communication components of the internet to contact both persons who share similar interests and potential child victims; and (4) be
introduced to several proactive techniques used by law enforcement, and the technology that makes them possible, to target and investigate criminal
child sex offenders online.

Impact Statement: Federal statutes prohibit the possession of graphic Child Sexual Abuse Materials (CSAM), the distribution of CSAM images by
any means, including computer, the buying and selling of children for the purpose of producing CSAM images, and interstate or foreign travel with the
intent to engage in a sexual act with a child. Law enforcement’s proactive investigations often involve undercover communication with individuals
who display a sexual interest in children; they document exchanges of illegal CSAM and rely heavily on face-to-face undercover meetings. This
presentation will impact the forensic science community by delineating what conduct is and is not prohibited by federal and various state laws. A
discussion of proactive law enforcement methods will be presented, as well as an explanation of the internet and its communication media components,
such as the World Wide Web (WWW), the Dark Web, online gaming platforms, Internet Relay Chat (IRC), chat rooms, newsgroups, and file servers,
all with case examples.

Due to the incredible popularity and utility of the global linking of computer systems known as the internet, the incidence of child pornography
possession and distribution has exploded. The internet is the ideal medium for such criminal activity, as it affords individuals with a sexual interest in
children a degree of anonymity and ease of communication—both with others who share their interest in children and thus, help validate their behavior,
and with actual (potential) child victims. Under any other circumstance, a child sex offender would have to approach a child and converse, a much
more difficult hurdle in circumstance, intellectual capability, and social functioning. Online communication has dispensed with much of the social
skills and verbal communication required to seduce a child, which may have deterred some offenders, and given them direct access to children, many
of whom are online with little or no adult/parent supervision. In response to this crisis, law enforcement has adopted a number of proactive strategies
to enforce child-protective criminal statutes. Those statutes, the communication elements of the internet, and the development of law enforcement
efforts in this field will be discussed. Federal statutes prohibit the possession of graphic Child Sexual Abuse Materials (CSAM) images, the distribution
of CSAM images by any means including computer, the buying and selling of children for the purpose of producing CSAM images, and interstate or
foreign travel with the intent to engage in a sexual act with a child. Law enforcement’s proactive investigations often involve undercover
communication with individuals who display a sexual interest in children, they document exchanges of illegal CSAM and rely heavily on face-to-face
undercover meetings. This training seminar will delineate what conduct is and is not prohibited by federal and various state laws. A discussion of
proactive law enforcement methods will be presented, as well as an explanation of the internet and its communication media components, such as the
World Wide Web (WWW), the Dark Web, online gaming platforms, Internet Relay Chat (IRC), Chat Rooms, Newsgroups, and File Servers, all with
case examples.

Child Abuse; Law Enforcement; Sexual Crimes
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LS1  W.W.G.D. (What Would Gibbs Do?): The Real Work of NCIS Special Agents

Paul C. Graf, MS¥*, Independent Consultant of Child Abuse Legal Matters, Sr. Special Agent, NCIS (Retired), Castle Rock, CO

Program Description: The duties and responsibilities of a Naval Criminal Investigative Service (NCIS) Special Agent, along with real case examples,
will be discussed through the lens of the real-life Jethro Gibbs.

Educational Objectives: After attending this presentation, attendees will be familiar with the duties and responsibilities of NCIS Special Agents and
understand the similarities, and the many differences, between the NCIS television shows and “real life” NCIS work.

Impact Statement: This presentation will impact the forensic science community by developing awareness of the critical missions of NCIS Special
Agents and their roles in federal law enforcement.

When the presenter, Paul C. Graf, began his career with the United States Naval Investigative Service (NIS), he often said it took well over 20 minutes
to tell someone who he worked for and why he was asking so many questions. Now, and since the advent of the wildly popular CBS Television series
NCIS and its offshoot programs (NCIS Los Angeles, NCIS New Orleans, NCIS Hawaii) the re-named Naval Criminal Investigative Service (NCIS) has
become a household word. That said, many viewers still believe it to be a fictional agency and are surprised to hear the presenter spent 33 years
conducting criminal, counter-intelligence, counter-terrorism, and espionage as a Senior Special Agent of NCIS (a.k.a.: The Real Gibbs). Mr. Graf was
assigned to offices in Long Beach, CA, Naples, Italy, Newport, RI, Brunswick, ME, and Guantanamo Bay, Cuba. His duties included narcotics
investigation, grand larceny, sabotage, espionage, Double Agent Operations, homicide, arson, rape, procurement fraud, cold case homicide, and child
abuse investigations, his specialty. In his role as an Executive Protection Supervisor, he led teams of armed Agents who protected military and civilian
VIP’s and world leaders, worldwide. Mr. Graf conducted NCIS investigations and operations in 26 countries of the world. Therefore, the duties and
responsibilities of an NCIS Special Agent, as seen through the lens of his extensive career, along with real case examples, will be discussed. The
forensic science community will, thus, develop an awareness of the critical missions of NCIS Special Agents and their role in federal law enforcement.

Crime Scene Investigation; Death Investigation; Law Enforcement
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LS2  Getting Things Started With a Bang: Interpreting Gunshot Sounds in Audio Forensic Analysis

Robert C. Maher, PhD, PEng*, Montana State University, Bozeman, MT

Program Description: This presentation begins with the historical background of gunshot audio interpretation, then provides several fascinating case
studies of the current state-of-the art, demonstrating how gunfire sounds can provide essential forensic information. Attendees will learn the essential
physical principles of how firearms make sounds and how those sounds are affected by the recording location and the recording system. At the
conclusion of the seminar, attendees will understand how to interpret audio waveforms and spectrograms from gunshot audio recordings and how to
apply their new knowledge to examples and case studies.

Educational Objectives: After attending this presentation, attendees will: (1) understand the basic physical principles of how firearms make sound
and how gunshot sounds propagate through the air to the microphone; (2) have viewed waveforms and spectrograms of gunshot sounds, identifying
the key features and important details; (3) understand how to interpret and knowledgeably discuss the strengths and weaknesses of various sources of
gunshot audio recordings; (4) understand the basic features of contemporary gunshot detection and location systems, such as ShotSpotter™ from
SoundThinking, Inc.; and (5) recognize the proper steps in handling user-generated audio evidence in forensic investigations.

Impact Statement: This presentation will impact the forensic science community by introducing the attendees to gunshot audio forensic examination.

More and more criminal forensic cases involve audio forensic evidence in general, and gunshot audio recordings in particular, due to the millions of
newly installed residential security and doorbell camera systems, the growing use of body-worn cameras by law enforcement officers, and the
significant number of communities with gunshot detection systems such as ShotSpotter™. The sounds of gunfire—although generally familiar to most
people—actually may contain many details about the circumstances of the shooting incident and the type(s) of firearm(s) involved.! Audio recording
devices have become omnipresent, so gunshot acoustic evidence is more common than ever before. Gunshot sounds can play a unique role in forensic
investigations. Gunshots recorded near a crime scene help answer key questions about the timeline of a shooting event and the circumstances of the
incident.? Forensic recordings nowadays can come from numerous possible sources, including law enforcement body-worn cameras, residential
doorbell cameras and commercial surveillance systems, bystanders with mobile phones, and emergency call center recordings.

The presentation will cover the historical background of gunshot audio interpretation and provide fascinating case studies of the current state-of-the
art, demonstrating how gunfire sounds can provide essential forensic information.> Audio forensic examiners are commonly asked to determine the
location of gunfire, the type of firearm(s) involved, and the time sequence of successive shots (“who shot first?”’). Recent research studies have revealed
how the relative orientation between the firearm and the microphone affects the recorded sound. Examiners also must understand the role of acoustic
reflection, diffraction, and reverberation when interpreting gunshot recordings.*

Time will be provided during the session for attendees to ask questions and interact with other participants interested in expanding their knowledge of
audio forensic analysis of gunshot acoustics.

References:

I R.C. Maher, "Acoustical characterization of gunshots," Proc. IEEE SAFE 2007: Workshop on Signal Processing Applications for Public Security
and Forensics, Washington, DC, pp. 109-113, 2007.

2 R.C. Mabher, “Advancing Audio Forensics of Gunshot Acoustics,” Final Summary Overview, National Institute of Justice Award number: 2014-
DN-BX-K034, 2018.

3 D.R. Begault, S.D. Beck, and R.C. Maher, "Overview of forensic gunshot analysis techniques," elib 20475, Proc. 2019 Audio Engineering Society
International Conference on Audio Forensics, Porto, Portugal, 2019.
B.F. Miller, F.A. Robertson, and R.C. Maher, "Forensic handling of user generated audio recordings," Preprint 10515, Proc. 151st Audio
Engineering Society Convention, Online, 2021.

Audio; Forensic Analysis; Crime Scene Investigation
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LS3  Human Spaceflight Medicolegal Death Investigations

Edward Mazuchowski, MD, PhD*, Forensic Pathology Associates, Division of HNL Lab Medicine, Allentown, PA

Program Description: This presentation will give an overview of the phases of human spaceflight and the unique challenges each phase presents. Past
fatal mishaps will be reviewed. The current applicable protocols in regard to human spaceflight medicolegal death investigations, current knowledge
gaps, and future challenges to these investigations will be discussed.

Educational Objectives: Upon completion of this workshop, attendees should be able to describe the phases of spaceflight and the unique challenges
these phases present during a spaceflight death investigation.

Impact Statement: This presentation will impact the forensic science community by providing a historical overview of human spaceflight medicolegal
death investigations and an overview of current knowledge gaps and challenges for these investigations.

Since Cosmonaut Yuri Gagarin orbited the earth on April 12, 1961, over 600 individuals have traveled past the Karman line (altitude of 100km)—the
boundary of Earth’s atmosphere and space. As part of the National Aeronautics and Space Administration (NASA) Apollo program, 24 astronauts flew
to the moon and 12 astronauts walked on the lunar surface. Over the past two decades, astronauts have continuously occupied and operated the
International Space Station in low Earth orbit. Historically, human spaceflight has been conducted by government-sponsored space agencies. Recently,
commercial spaceflight companies have been successful in achieving human spaceflight, including travel to the International Space Station and low
Earth Orbit. Future programs include travel to the lunar surface, Mars, and deep space.

The phases of spaceflight include ground/launch, ascent, earth orbit, entry, and landing phase for missions orbiting Earth. Outbound, lunar orbit, lunar
surface, and earth return are additional phases of spaceflight for lunar missions. Each phase of flight poses unique hazards to the astronaut, and those
supporting them, that may result in death. Understanding these hazardous and the changes the human body undergoes during various phases of flight
is critical for comprehensive human spaceflight death investigations.

Although there have been human spaceflight mishaps, there have been relatively few incidents resulting in loss of crew. Loss of crew incidents have
occurred during the launch/ground, ascent, entry, or landing phases of the flight. There have been no fatalities during the earth orbit, outbound, lunar
orbit, lunar surface, or earth return phases of flight. Deaths during these phases present unique challenges for declaration of death, preservation of
evidence, examination of the remains, and containment of the remains to prevent injury to the remaining crew.

This presentation will review the various phases of human spaceflight and highlight the loss of crew incidents that have occurred over the past six
decades. The current applicable protocols and documents regarding human spaceflight death investigations will be presented. The challenges and
knowledge gaps of human spaceflight, including return to the lunar surface, mission to Mars, and future deep spaceflight, as they relate to death
investigations will be discussed.

Human Spaceflight; Medicolegal Death Investigation; Phases of Spaceflight
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LS4  There Is No I in TEAM: The Importance of Leadership, Personal Accountability, and Personality Type in
High Stress Work Environments

Charla Skinner Perdue, MFS*, Florida State University, Panama City Campus, Panama City, FL

Program Description: This presentation’s goal is to show the importance of the role each person plays in high stress, collaborative work groups that make up
many of the various positions in the fields of forensic science. High stress work environments are where the substance of the work is difficult, there is increased
pressure to be right, and heavy caseloads and rapid pace take a toll on both mental and physical health. Reducing the stress on the team improves the work
culture for everyone. There is no I in TEAM, but the argument can be made that there should be. The only person whose decisions and actions we can control
is ourselves. We will take a quick 11-question multiple choice quiz to determine personality color and then explore how understanding ourselves and just as
importantly, how others perceive us, can lead to better workplace interactions, reduce errors, and improve the overall quality of our work and our agency culture.

Educational Objectives: At the completion of this luncheon presentation, attendees will be able to: (1) identify their personality color by completing a short
11-question multiple choice quiz; (2) recognize the characteristics of their personality color and how they may be perceived by others; (3) discuss the importance
of using personality color to improve communication; (4) examine studies related to secondary trauma in high stress work environments; (5) relate the concept
of stress in the workplace to noise and errors; (6) describe the physical and mental effects of the high stress workplace, both primary and secondary; (7) discern
the role one plays in challenging work situations; (8) evaluate the importance of leadership; and (9) explore ways to leverage the team’s talents.

Impact Statement: This presentation will impact the forensic science community by highlighting the benefits of knowing the individual’s personality color
and the color of those they work with. It will include a brief 11-question multiple choice quiz to identify their personality color, to better understand how others
perceive them, and consider studies and techniques from the field of sociology to improve how they interact with others. We will examine the importance of
leadership as a tool to enhance the workplace culture and how a positive work environment may even reduce errors. By understanding that the only person
whose decisions and actions we can control is ourselves, we can endeavor to improve our high stress work environment for ourselves and everyone on the team.

Sociologists approach personality in terms of an individual's status in a group.! Since crimes are not solved by any one person but by everyone working together,
it is imperative that the group members can cooperate. Personality determines how we interact with colleagues, management, and those we are serving in the
community. Even more critical is how we are perceived by our peers. Using the research of sociologists to find one’s personality type and that of those we work
with can improve communication and reduce error.

The work of solving crime by its nature creates trauma. Studies have shown vicarious trauma in those working in these roles can compound the harm caused.
High stress work environments where the substance of the work is difficult, the increased pressure to be right, heavy caseloads and rapid pace take a toll on both
mental and physical health. Reducing the stress on the team can decrease the secondary traumas of working in this type of environment.

Recent studies on the concept of noise have increased awareness of how error rates can be affected by these types of distractions. Examples of noise include
emotional reactions, mood, fatigue, and group dynamics and are areas where the workplace can be a factor.3 A positive work environment can reduce noise and
in turn may reduce errors in casework.

One of the best indicators of ethics in any agency is the culture. Leadership perpetuates the culture of an agency, and the culture sustains behavior.* In difficult
workplace situations, each of us plays one of four roles: victim, bystander, perpetrator, or leader.’ Frequently, those in forensics tend to be more introverted and
the role of leader can be self-contradictory.® Understanding the importance of leading even when difficult gives one confidence to speak up when ethical issues
arise. As individuals working in the criminal justice system, we promote public trust and must be able to make sound decisions based on ethical principles.

Understanding one’s personality type and how we are regarded by others leads to better interactions at work. It allows self-reflection of one’s potential blind
spots, weaknesses, and strengths.” Knowing how to find one’s voice can allow us to be part of workplace solutions, preserving peace and allowing for better
team dynamics.

References:

- What is sociology? American Sociological Association. (2022, November 21). https://www.asanet.org/about/what-is-sociology/.

2 Shepard. (2013). Between Harm Reduction, Loss and Wellness: On The Occupational Hazards Of Work. Harm Reduction Journal, 10(1), 5-5.
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W1 Recommendations From the NIST/NIJ Expert Working Group on Human Factors in Forensic
DNA Interpretation

Jarrah Kennedy, MSFS, Kansas City Police Crime Lab, Kansas City, MO; Angela Spessard, Maryland State Police, Pikesville, MD, Tiffany A. Roy,
ForensicAid, LLC, West Palm Beach, FL; Melissa Taylor, National Institute of Standards and Technology, Gaithersburg, MD,; Mikalaa M. Martin,
RTI International, Greenville, SC; Britton Morin, Union County Prosecutor’s Office Forensic Laboratory, Westfield, NJ; Nikola Osborne, National
Institute of Standards and Technology, Auckland, New Zealand; Hope Zagaria, RTI International, Alexandria, VA

Learning Overview: Upon completion of this workshop, participants will be familiar with the recommendations in the National Institute of Standards
and Technology (NIST)/National Institute of Justice (N1J) Expert Working Group on Human Factors in Forensic DNA Interpretation report. They will
know the implications of these recommendations for their own practice and how the recommendations serve to improve the practice of DNA
examination. Participants will be invited to discuss how relevant and feasible the recommendations are to their own practice and to the wider forensic
DNA community.

Impact Statement: The study of human factors in forensic science is an essential element to inform our understanding of the interaction between
humans and the systems they use. In understanding human factor issues, we can identify and address 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 effort provides guidance to DNA analysts, laboratory
management, and legal practitioners on how to improve practice for safer justice outcomes.

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 NIST and NIJ 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).

In this workshop, we will walk participants through the EWG’s process to develop the report, highlight key findings, discuss some of the more
controversial topics, and provide steps to implement the resulting recommendations. Topics and recommendations will relate to DNA interpretation
and:
e  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)
e  Research
e  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.

Forensic DNA; Bias; Reliability
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W2 Get Fired Up for Improvements to Fire Debris Standards! (Overview, Use, and Implementation of the
Major Revisions to ASTM E1618)

Brenda B. Christy, Virginia Department of Forensic Science, Norfolk, VA; Kimberly S. Kunkler, Marshall University, Huntington, WV; Laura J.
Hernandez, Verity Labs Inc., Las Cruces, NM

Leaning Overview: Attendees of this workshop will receive information and training on major revisions to the American Society for Testing and
Materials (ASTM) E1618." Presenters will discuss why the revisions are needed, explain the new specifications for the ignitable liquid classification
system, provide an overview of the performance-driven instrumental analysis requirements, and facilitate implementation of the new interpretation and
reporting requirements through practical exercises. Intended as an introductory workshop, attendees will gain experience using these new specifications
for classification of ignitable liquids and a practical understanding of how the updated requirements can reduce misattribution or misidentification of
ignitable liquids in complex matrix samples.

After completing this workshop, attendees will: (1) be familiar with the major revisions currently being made to ASTM E1618-19 Standard Test Method
for Ignitable Liquid Residues in Extracts from Fire Debris Samples by Gas Chromatography-Mass Spectrometry; (2) understand the potential impact
of the revisions on their laboratory’s standard operating procedures; and (3) have basic experience in utilization of some of the revisions through
completion of practical, hands-on exercises.'*

Impact Statement: The major revisions to ASTM E1618-19 provide additional information that is designed to clarify its requirements and improve
consistency of its use in fire debris analysis. This workshop will impact the forensic science community’s practice by providing orientation and training
related to implementation of the major revisions to ASTM E1618.

The Organization of Scientific Area Committees for Forensic Science (OSAC) Subcommittee on Fire Debris, Explosives, and Gunshot Residue (SC),
responsible for reviewing fire debris related standards, initially assessed ASTM E1618 to determine if it provided sufficient information to be considered
a best practice and if it was suitable for placement on the OSAC Registry. The SC members identified several key areas where additional information
was needed to strengthen the standard, clarify intended requirements, and improve the consistency of its use.

Since then, the SC has compiled and carefully reviewed existing literature and data resources to provide this additional information through major
revisions of ASTM E1618 with the intent of guiding labs to current best practices in validation, instrumental analysis, classification, interpretation, and
reporting of results. These revisions resulted in the creation of two new, separate standards (one detailing the classification system, one providing
requirements for reporting of results) and an intensive revision to E1618 detailing the interpretation process. These three documents are currently
progressing through the ASTM balloting process as a prerequisite to placement on the OSAC Registry. In addition, guidance for validation and
verification of methods used in fire debris analysis is slated to become an annex to an overarching standard focused on validation in the various forensic
chemistry subdisciplines.

References:

I ASTM E1618-19 Standard Test Method for Ignitable Liquid Residues in Extracts from Fire Debris Samples by Gas Chromatography-Mass
Spectrometry (under revision as OSAC 2022-S-0004 & OSAC 2022-S-0005).

2 ASTM WK?73482 Standard Practice for Reporting Results and Opinions of Ignitable Liquids Analysis.

3 ASTM WKS81720 E1618 Standard Test Method for Ignitable Liquid Residues in Extracts from Fire Debris Samples by Gas Chromatography-
Mass Spectrometry.

4 ASTM WK81724 Standard Classification for Ignitable Liquids Encountered in Fire Debris Analysis.
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W3 Machine Learning-Powered SpectrApp: An Open-Source Tool for Analyzing Forensic Spectroscopic Data

Eugenio Alladio, Department of Chemistry, University of Torino, Torino, Piemonte, Italy; Paolo Garofano, Centro Regionale Antidoping “A.
Bertinaria,” Roma, Lazio, Italy

Learning Overview: Upon completion of this workshop, attendees will gain a comprehensive understanding of SpectrApp, an open-source tool
developed by the Department of Chemistry at the University of Turin, its capabilities in forensic spectroscopic data analysis, and utilize multivariate
data analysis. This user-friendly tool combines advanced machine learning techniques with a seamless interface, catering to both experts and non-
experts in the field. Participants will delve into the power of SpectrApp’s multivariate data analysis and chemometric strategies, facilitated by the R
Shiny environment, explore a vast array of graphical approaches, including univariate, bivariate, and multivariate visualizations, and uncover intricate
patterns within complex datasets.They will learn about SpectrApp’s support for cluster analysis, Principal Component Analysis (PCA), and other
advanced methodologies, such as PLS-Discriminant Analysis (PLS-DA) and PLS-Regression (PLS-R), and witness how SpectrApp enables the
prediction of new samples, empowering forensic analysis like never before. Don’t miss this enlightening workshop that showcases the potential of
SpectrApp to revolutionize the future of forensic science through machine learning and data analysis.

Impact Statement: This session on SpectrApp will have a profound impact on the forensic science community by introducing a transformative tool
that leverages machine learning for spectroscopic data analysis. Participants will gain invaluable insights and practical skills to navigate the
complexities of forensic data, propelling them towards more accurate and efficient analyses. The workshop’s educational objectives emphasize the
integration of cutting-edge techniques, such as multivariate data analysis and chemometric strategies, enabling forensic experts to extract meaningful
information from intricate datasets.

By empowering both experts and non-experts with the user-friendly interface of SpectrApp, this workshop aims to democratize advanced data analysis
in forensic science. This accessibility will promote broader adoption and foster a culture of collaboration and knowledge-sharing within the community.
The practical application of PLS-DA and PLS-R will enable participants to make informed decisions and enhance the efficacy of forensic investigations.
The ability to predict new samples using SpectrApp further strengthens the community’s capacity for real-world applications, fostering more accurate
and reliable results. Furthermore, SpectrApp’s role as an open-source tool encourages transparency and reproducibility in forensic data analysis.
Researchers can verify and build upon existing work, ensuring the reliability and credibility of scientific findings.

By showcasing SpectrApp’s potential to revolutionize forensic spectroscopic data analysis, this workshop encourages innovation and drives
advancements in the field. This newfound integration of machine learning methodologies in forensic science will undoubtedly influence research
directions and encourage further exploration of data-driven approaches.

A hallmark of SpectrApp lies in its exceptional user-friendliness, making it accessible to both seasoned experts and non-experts in the fields of machine
learning and forensic science. Its intuitive interface empowers users to seamlessly evaluate spectroscopic data through sophisticated multivariate data
analysis and chemometric strategies. Powered by the versatile R Shiny environment, SpectrApp elevates the data analysis experience, streamlining
visualization, preprocessing, and analysis tasks.

During this immersive session, participants will embark on a captivating journey into SpectrApp’s expansive repertoire of graphical approaches,
granting them unprecedented insights into the complex relationships and patterns within the datasets. Through an array of univariate, bivariate, and
multivariate visualizations, attendees will glean valuable understanding from the data, revealing crucial information that transcends traditional data
representations.

The workshop will delve deep into SpectrApp’s impressive support for Cluster Analysis and PCA, showcasing its efficacy in uncovering hidden
structures and dependencies within the data. Additionally, participants will have the privilege of exploring a diverse selection of advanced multivariate
modeling methodologies, including the powerful PLS-DA for classification and PLS-R for quantification.

The true power of SpectrApp lies in its capacity to enable the prediction of new samples, an essential feature that has transformative implications for
forensic analysis. Armed with SpectrApp’s predictive capabilities, attendees will be able to assess the origin, classification, and quantity of new samples
with precision and accuracy, bolstering the efficacy of forensic investigations.

Machine Learning; Spectroscopy; Forensic Analysis
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W4 Inside the Black Box: Forensic Psychiatry for Lawyers 2.0

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

CANCELED
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W5  Forensic Postmortem Radiology and Medicolegal Death Investigations

Summer J. Decker, Department of Radiology, University of South Florida, Tampa, FL; Edward Mazuchowski, Forensic Pathology Associates, Division
of HNL Lab Medicine, Allentown, PA; Natalie L. Adolphi, New Mexico Office of the Medical Investigator, Albuquerque, NM; Fabrice Dedouit, Hopital
Rangueil, Toulouse, Midi-Pyrenees, France; Lars Ebert, 3D Center, Institute for Forensic Medicine, University of Ziirich, Ziirich, Switzerland; Jamie
Elifritz, Office of the Medical Investigator, Affiliate, Albuquerque, NM; Michael J. Thali, Institute of Forensic Medicine, University of Zurich, Zurich,
Switzerland; Jonathan M. Ford, Department of Radiology, University of South Florida, Tampa, FL

Learning Overview: This workshop is an update on current practices in forensic postmortem radiology and medicolegal death investigations. National
and international forensic pathology and radiology practitioners will provide an introduction to and update on best practices in the field. After attending
this workshop, attendees will: (1) be informed of the different modalities for postmortem radiology, (2) understand the strengths and weaknesses of the
different current modalities, (3) learn about the interpretation of the postmortem radiology scans and levels of forensic evidence, and (4) be aware of
current advances, collaboration, and potential resources available to interested practitioners.

Impact Statement: This presentation will impact the forensic science community by providing attendees with expertise on best practices, interpretation
of radiology imaging, and incorporation of forensic postmortem radiology into medicolegal death investigations.

It has been over a decade since the publication of the National Academy of Sciences Report calling for the strengthening of the forensic sciences. In
this seminal report, the critical role that imaging, specifically radiologic 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 was noted.
Since then, forensic radiology has grown significantly as a field to incorporate advanced radiology techniques into medicolegal death investigations.
However, the type of modality and incorporation into the daily medicolegal death investigation varies widely across medicolegal jurisdictions.

Currently, there are four main radiologic imaging modalities that are used in medicolegal death investigations: fluoroscopy, digital radiography (X-ray),
including whole-body radiography, Computed Tomography (CT), and Magnetic Resonance Imaging (MRI). There are strengths and weaknesses of
each modality. Location/infrastructure, equipment cost, personal cost, time to scan, interpretation and incorporation of findings, presentation at
medicolegal proceedings, and storage of results must all be evaluated.

This workshop will provide an overview of how the different radiologic imaging modalities have been incorporated into specific medicolegal death
investigations. Through directed lectures and case presentations, the advantages and limitations of the modalities will be presented. How postmortem
radiology enhances the medicolegal death investigation will be discussed. Topics will include natural disease, trauma, overdose, postmortem changes,
and artifacts. Representative digital radiographs, CT images and Three-Dimensional (3D) reconstructions will be presented. Techniques that overcome
some of the limitations of different modalities, such as postmortem angiography for the evaluation of vascular/soft tissue injury, will be presented. The
incorporation of these findings into legal proceedings will also be discussed. Participants will have the opportunity to discuss with the presenters
through a panel discussion implementation of forensic radiology imaging into their medicolegal system.

Similar workshops have been presented at AAFS by the same team over the past few years, and they have been highly attended by members from
different sections. This workshop represents new and updated content to present new advances in the field.

Forensic Pathology; Forensic Radiology; Postmortem Imaging
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W6  Don’t Know Much About Standards: Incorporating Forensic Science Standards Into University Curricula

Heidi Eldridge, The George Washington University, Washington, DC; Julie A. Howe, Saint Louis University, Saint Louis, MO, Teresa L. Ambrosius,
AAFS Standards Board, Colorado Springs, CO; Sarah Seashols Williams, Virginia Commonwealth University, Richmond, VA; Jennifer Limoges, New
York State Police Forensic Investigation Center, Albany, NY; A. Karl Larsen, Jr., University of Illinois at Chicago, Chicago, IL; McKenzie Weyh,
Michigan State Police, Lansing, MI; Arely J. Parra Lopez, The George Washington University, Eaton, CO; Britni Skillman, Sam Houston State
University, Huntsville, TX; Peter Stout, President and CEO, Houston Forensic Science Center, Houston, TX

Learning Overview: During this presentation, representatives from universities and the Forensic Science Education Programs Commission (FEPAC)
will present on ways they have incorporated standards into their university programs, examples of specific courses where students’ knowledge has been
enhanced by such standards, and how to overcome obstacles of changing curriculum to include private sector standards. Representatives from forensic
laboratories will present on how hiring practitioners with a knowledge of standards affects their practices, as well as how they are implementing
standards into lab training and standard operating procedures. The latter portion of the workshop will be comprised of a panel, including educators, lab
managers, young forensic professionals, and recent university graduates, to discuss how forensic standards are changing, and will continue to change,
the landscape of forensic education and training.

After attending this presentation, attendees will have a better understanding of how incorporating standards in an educational curriculum affects
students’ understanding of the discipline and forensic sciences when they enter post-graduate employment.

Impact Statement: This presentation will impact the forensic science community by creating greater awareness of how standards are currently being
implemented in university level educational programs, and how lab managers have both incorporated standards into their training and how they use
standards for minimum qualifications and education of practitioners.'

Multiple forensic and standards organizations are working with members, partners, and constituents across the standards community to develop
education initiatives that highlight the economic, societal, and environmental benefits of standards to students, emerging professionals, and the general
public. These responsive programs and activities are designed to engage students of all ages in the world of standards and conformity assessment and
ensure the strength and efficacy of the next generation of United States standardization leaders.

Avenues exist for professional development and training of practitioners at workshops, conferences, and webinars, but little opportunity currently exists
for students in higher education to learn about forensic science standards. Expanding training at this level presents an opportunity to fill a gap by
introducing private sector standards and better prepares students for entry into the workforce, while also aligning with recent national strategies that
support fostering development in the forensic sciences through “enriching undergraduate experiences.”?

Implementation begins with awareness. Some agencies are not aware of the standards that are available, why they are needed, how they are developed,
or how they can be implemented. Still others recognize the value of standards but fight an uphill battle in garnering the enthusiasm and cooperation of
their employees. An incoming workforce of forensic science students who have already learned the ins and outs of forensic science standards and
expect their use in the workplace could go a long way toward closing this gap. However, some universities also struggle with the best way to incorporate
standards into a curriculum that is already packed with university general education requirements, accreditation science, and discipline-specific
requirements, while leaving some space for electives.

References:

- Stolorow, M. et al. 2023. American Academy of Forensic Sciences Justice Talks, Standards in the OSAC Registry—Improving Justice for All
https://www.aafs.org/article/standards-osac-registry-improving-justice-all.

2 National Institute of Justice, Fostering Science Strategic Research Plan, 2022-2026. July 24, 2023.
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W7 Emerging Semi-Synthetic Cannabinoids: THC Isomers and Analogs

Ayako Chan-Hosokawa, NMS Labs, Horsham, PA; Sarah A. Shuda, Center for Forensic Science Research and Education, Willow Grove, PA; Barry
K. Logan, Center for Forensic Science Research and Education, Horsham, PA; Nicole Lattanzio, NMS Labs, Willow Grove, PA; Joanna De Morais,
European Monitoring Centre for Drugs and Drug Addiction, Lisbon, Portugal; Erin Karschner, Armed Forces Medical Examiner System, Dover Air
Force Base, DE

Learning Overview: This workshop will address the growing semi-synthetic cannabinoid market from both a toxicological and a seized drug chemistry
perspective. It will provide an overview of the legislation and scheduling of Tetrahydrocannabinol (THC) -related compounds in the United States,
discuss drug trends in semi-synthetic cannabinoids in both Europe and the United States, and review analytical methods for the separation of THC
isomers in seized drug material. This workshop will also focus on the known pharmacological activity and potency of currently available semi-synthetic
cannabinoids, provide reviews of cross-reactivity of the cannabinoid isomers and analogs on the commercially available immunoassay platform, and
describe analytical methods for isomer separation in toxicological samples. Finally, delta-8-THC blood concentrations and trends in the Driving Under
the Influence of Drugs (DUID) cohort will be presented.'?

After attending this presentation, attendees will be familiar with semi-synthetic cannabinoids such as delta-8-THC, THC-P, HHC, etc., their appearance
in various cannabis-containing products, their potency, and their legality. Additionally, attendees will understand analytical challenges associated with
these newly emerging THC isomers and analogs and how to resolve chromatographic interferences.

Impact Statement: This presentation will impact the forensic science community by providing a legal, pharmacological, and analytical overview of
emerging semi-synthetic cannabinoid products.

The 2018 Farm Bill legalized industrial hemp production in the United States, making cannabis and cannabis-derived products containing less than
0.3% delta-9-THC more commercially accessible. This also led to overproduction of Cannabidiol (CBD), which can serve as a precursor for synthesis
of psychoactive isomers and analogs of THC. Cannabis manufacturers have exploited legislative loopholes since the Farm Bill's introduction and
successfully promoted products containing THC isomers and analogs whose legal status is unclear, or variable, state to state, as an attractive alternative
to the clearly federal Schedule I drug, THC. Products are often advertised to contain THC isomers or analog such as delta-8-THC, delta-10-THC, delta-
6a,10a-THC, exo-THC, THC acetate (THC-O), THC-P, and HHC, among many others; however, upon analysis, these products could contain not only
delta-9-THC but also a combination of compounds. This leads to analytical challenges as well as interpretation challenges.

Edibles, candies, baked goods, personal care products, beverages, dietary supplements, e-cigarette liquids, and other cannabis-derived products
containing <0.3% THC and other semi-synthetic THC derivatives manufactured from CBD have proliferated and are sold not only at smoke shops, but
also at gas stations, in malls, and in boardwalk storefronts, providing consumers with ample options for purchasing products containing psychoactive
THC isomers.

References:

- Chan-Hosokawa A., Nguyen L., Lattanzio N., Adams W.R. Emergence of Delta-8 Tetrahydrocannabinol in DUID Investigation Casework:
Method Development, Validation and Application. J Anal Toxicol. 2022 Feb 14; 46(1):1-9. doi: 10.1093/jat/bkab029. PMID: 33754645.
Chan-Hosokawa A., Nguyen L., Logan B.K. Estimation of Delta-8 Tetrahydrocannabinol (THC) Concentrations in DUID Investigation Casework.
J Anal Toxicol. 2023 Feb 21; 47(1):e14-e16. doi: 10.1093/jat/bkac068. PMID: 36056934.
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W8 Non-Fatal Strangulation: An Update on Practice and Current Literature

Stacey A. Mitchell, Texas A&M University School of Nursing, Magnolia, TX; Kathy Bell, Oklahoma State University Center for Health Sciences, Tulsa,
OK; Jessica Volz, Adventist HealthCare Shady Grove Medical Center, Rockville, MD; Patricia M. Speck, University of Alabama at Birmingham School
of Nursing, Hoover, AL, Diana A. Faugno, AFN, Escondido CA; Sean P. Dugan, Shasta Community Forensic Care Team, Shasta Community Health
Center, Redding, CA; Diana A. Faugno, AFN, Escondido CA

Learning Overview: “He only choked me . . . ” Anoxic brain injury can occur in minutes. Non-fatal strangulation and its associated effects are not
well understood by responding providers. This potential lethal act is present in more cases than one thinks. The workshop presenters plan discussions
around how the current evidence impacts the investigation, documentation, care, and prosecution of strangulation cases. Long-term effects such as
traumatic brain injury are now being studied, with current information to be discussed. Key concepts will be illustrated through the use of case studies
and group discussion. We will: (1) discuss the prevalence of non-fatal strangulation; (2) appraise current literature related to addressing non-fatal
strangulation in the clinical arena; (3) associate linkages between non-fatal strangulation and traumatic brain injury; and (4) evaluate assessment and
documentation of non-fatal strangulation through the use of case studies.

Impact Statement: Many disciplines that investigate, provide care, or prosecute cases where non-fatal strangulation is a component will benefit from
understanding this topic. Investigators and crime scene personnel will be able to better recognize and investigate this potentially lethal act. Health care
providers must properly assess and treat those who have experienced strangulation. Finally, prosecutors must develop knowledge about how to charge
and prosecute for this action and to effectively use the expert witness to convey the significance that strangulation has on the victim.

Strangulation is a lethal form of violence and occurs in intimate partner violence, sexual assault, and other types of physical assault. Since the early
2000s, non-fatal strangulation has been recognized as a method of control, harm, and even death. Victims often do not disclose that strangulation has
occurred unless asked by the health care provider or first responder. It is critical that first responders, law enforcement, and crime scene analysts
understand injury mechanisms and the health outcomes that may affect a criminal investigation. Health care must recognize the signs and symptoms
to determine an appropriate plan of care for both the short- and long-term effects.

Non-fatal strangulation has two primary mechanisms of action. One prevents inflow and the other prevents outflow of either blood or oxygen. The
presentation and symptoms are different. Some symptoms of non-fatal strangulation are memory loss, confusion, difficulty breathing, and trouble
talking. Non-fatal strangulation may result in anoxic brain injury where consequences include seizures and loss of bowel and bladder function, to name
a few. Understanding the strangulation event is the first step in the response. This workshop plans to take participants step by step through what occurs
in a non-fatal strangulation case and the response necessary to discover what actually happened.

“Audrey” reports her boyfriend pushes her against the wall and puts his arm around her throat. “Sandra” says her husband puts both of his hands around
her throat, shaking her when they argue. She reports she has passed out. Marcus” says that the neighbor bully knocks him to the ground and puts him
in a choke hold where he cannot breathe. These are all forms of non-fatal strangulation.

In developing the skills to assess and document strangulation events, health care delivery and investigations will become more robust. As prosecutors
understand the magnitude of the long-term effects of non-fatal strangulation and associated traumatic brain injury, charges may be better determined.
Expert witnesses are better utilized to describe the physical and psychological effects. Workshop presenters will provide information that will assist
professionals who encounter cases of non-fatal strangulation to better be prepared to respond to the unique needs of this population.'”
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w9 The Requirements and Implementation of ANSI/ASB Standard 123—Standard for Routine Internal
Evaluation of a Laboratory’s DNA Interpretation and Comparison Protocol: Laboratory and Legal
Perspectives

Charlotte Word, Richmond, VA, Virginia Barron, Law Office, Westbrook, MN; Terri Rosenblatt, Post Conviction Justice Unit, New York County
District Attorney’s Office, New York, NY; Brian Higgins, USACIL, Forest Park, GA,; Ashley Luther, Indiana State Police Laboratory, Indianapolis,
Indianapolis, IN

Learning Overview: After attending this workshop, attendees will have a heightened understanding of: (1) the need to monitor the efficacy and
consistency of use of the laboratory DNA interpretation and comparison protocols; (2) the specific requirements of Standard 123 and how to implement
the standard in a DNA testing laboratory effectively in conjunction with other relevant DNA standards; (3) how to assess the results of the internal
evaluation process with appropriate corrective actions; and (4) the legal perspective regarding the consistent use of high-quality interpretation and
comparison protocols prior to and post-conviction and how that may help to provide “Justice for All.” The attendees will have the opportunity to
network with the speakers and other attendees while discussing implementation options.

Impact Statement: This workshop will impact the forensic science community and the “Justice for All” initiative by providing information to
laboratory staff, attorneys, and judges regarding the value of performing an annual review of the forensic science service provider’s interpretation and
comparison protocols. Guidance for monitoring and evaluating the consistency of use and suitability of the protocol within a DNA laboratory via
implementation of the American National Standards Institute/Academy Standards Board (ANSI/ASB) Standard 123, Standard for Routine Internal
Evaluation of the Laboratory’s DNA Interpretation and Comparison Protocol, and its possible effect on the judicial system will be the main focus of
this workshop.

Several studies conducted over the past 20 years have demonstrated the inconsistent use of the interpretation and comparison protocols within some
DNA testing laboratories as well as variability in the reporting of results and conclusions, especially when complex DNA profiles were evaluated that
fell outside of the types of profiles routinely evaluated during mandatory proficiency testing. A standard, drafted by the Organization of Scientific Area
Committees (OSAC) and developed by the ASB, provides for the continued monitoring of the efficacy and consistent use of the laboratory’s protocol.
This workshop will focus on the specific requirements of Standard 123 and provide effective mechanisms for implementation of the standard, including
the evaluation of the resulting data to ensure quality interpretation and comparison of DNA data. DNA analysts and attorneys will provide insights
regarding the importance of and value added through the implementation of this standard.

DNA; Interpretation; Quality Assurance
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W10 Evolving Approaches and Technologies to Address Existing Challenges in Seized Drug Analysis

J. Tyler Davidson, Sam Houston State University, Conroe, TX; Edward Sisco, National Institute of Standards and Technology, Gaithersburg, MD, Ira
Lurie, The George Washington University, Washington, DC; Frances Scott, National Institute of Justice, Washington, DC; Amber K. Burns, Maryland
State Police Forensic Sciences Division, Pikesville, MD; Sherri L. Tupik, Drug Enforcement Administration, Dulles, VA

Learning Overview: After attending this workshop, attendees will have learned about readily implementable evolving approaches and technologies
to address existing challenges in seized drug analysis. The attendees will learn about emerging technologies, such as Direct Analysis in Real Time-
Mass Spectrometry (DART®-MS), Gas Chromatography-Vapor-Phase Infrared spectroscopy (GC-VIR), Gas Chromatography-Vacuum Ultraviolet
spectroscopy (GC-VUV), and Ultra-High Performance Liquid Chromatography-Photo Diode Array Ultraviolet single quadrupole Mass Spectrometry
(UHPLC-PDA UV-MS). In addition, attendees will also learn about evolving approaches, such as microcrystal tests and the analysis of marijuana and
marijuana products.

Impact Statement: This workshop will impact the forensic science community by providing chemists, section leaders, and laboratory managers with
the necessary information to determine which evolving approach or technology may be most appropriate to address their specific laboratory needs.
Aspects such as the approximate cost, analysis time, capabilities, limitations, and specific challenges that each approach or technology can help address
will be provided. Informing the seized drug community about the strengths and limitations of the identified evolving approaches and technologies will
better prepare forensic laboratories to make informed decisions about how to combat their specific challenges in seized drug analysis.

Challenges with the analysis of seized drugs have necessitated research into alternative approaches and technologies to assist forensic laboratories with
the identification and quantification of unknown seized drugs. These challenges include the rapidly evolving nature of the seized drug landscape, with
the continued emergence of Novel Psychoactive Substances (NPS), the identification of closely related chemical substances, the detection of minor
components in mixtures, the differentiation of hemp and marijuana, screening of multiple subunits, and growing backlogs. However, there is a
considerable divide between the research community developing these alternative approaches and technologies and actual implementation by practicing
forensic laboratories. The Evolving Approaches and Technologies for Seized Drug Analysis subcommittee was established to specifically address this
divide by the Forensic Laboratory Needs Technology Working Group (FLN-TWG), which is housed at the National Institute of Justice (NIJ) and
supported by the Forensic Technology Center of Excellence (FTCOE) through a cooperative agreement with RTI International.

This workshop provides a summary of the subcommittee’s developed technical notes and overarching white paper designed to help address the divide
between the research community and practicing forensic laboratories. During this workshop, attendees will learn about readily implementable evolving
approaches and technologies that are either not widely known or are currently underutilized. These approaches and technologies have been identified
by the subcommittee as potential solutions to address existing challenges with the analysis of seized drugs. Each approach and technology will be
introduced, including the principles of operation or analysis, approximate cost and analysis time, and specific capabilities and limitations as they pertain
to seized drug analysis. In addition, this workshop will help address implementation needs, including a discussion about installation requirements, user
training, and the availability of validated methods and searchable libraries.

Drug Analysis; Novel Psychoactive Substances; Education
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W11 Police Officers Injured in the Line of Duty: The Role of Peer Support in Recovery

Gregory I. Mack, Psychological Evaluation Section, Medical Division New York City Police Department, Shrub Oak, NY; Daniel A. Martell, UCLA
School of Medicne, Irvine, CA; Learie C. Johnston, Westchester B.L.U.E. Foundation/Mount Vernon Police Department, Mount Vernon, NY; Matthew
Frank, Westchester B.L.U.E. Foundation, Port Chester, NY; Paul Puccini, Westchester B.L.U.E. Foundation, New Rochelle, NY; Jamie M. Elifritz,
Forensic Radiology Group/Department of Radiology, University of New Mexico, Albuquerque, NM

Learning Overview: After attending this workshop, attendees will: (1) better understand the experiences of police officers who have been severely
injured in the line of duty; (2) build skills to identify the many challenges one can face while recovering from a Traumatic Brain Injury (TBI) caused
by a gunshot wound to the head; (3) be made aware of the physical damaged caused by a Gunshot Wound (GSW) to the head; (4) appreciate the effects
of TBI on cognitive and psychological assessment protocols; (5) be informed about the current empirical research and literature on peer-assistance
programs, peer support, and peer-facilitated interventions for police officers; and (6) have a better understanding of the role social support, gratitude,
resilience, and satisfaction with life have on recovery.!*

Impact Statement: Presentations in this workshop will impact the forensic science community through detailed accounts of police officers who were
injured in the line of duty. Through their first-hand accounts, these officers will discuss their road to recovery and associated psychological sequela
and its impact on their families. The forensic science community was previously introduced to one of the officers (LCJ) through a presentation at the
75" Annual AAFS conference. This workshop will also impact the forensic science community by providing the most up-to-date information on the
role, responsibilities, and best practices associated with a Peer Support Program.

This presentation will provide an overview of the of circumstances that led up to the wounding of New York police officers and the challenges that
they faced and still endure. We will engage in an interactive discussion with these officers and learn how they faced aspects of their physical and
psychological recovery and the role other factors played in their seeking help such as individual characteristics, the availability of peer support, stigma,
family, and social support, gratitude, resilience, and satisfaction with life. Special focus will be given to a traumatic brain injury caused by firearm.
This workshop will discuss topics requiring basic knowledge pertaining to brain anatomy, brain function, and cognitive and psychological effects of
TBI.

In their July 2023 “Law Enforcement Officers Shot in the Line of Duty” report, the National Fraternal Order of Police reported that there have been
226 officers shot in the line of duty, of which 31 were killed. Sixty-seven of these officers were shot and wounded and 14 were killed in 69 separate
ambush-style attacks.> Officers who survive these devastating injuries face many long hours of rehabilitation and recovery. If an officer survives a
deadly encounter such as a gunshot wound to the head, the road to recovery is unimaginable.

Ninety percent of victims of a gunshot wound to the head die. Many die before they make it to the hospital. Fifty percent of those victims who do
survive the initial trauma end up dying in the emergency room. Gunshot wounds to the head account for 12% of all TBI and are the cause of death in
an estimated 35% of all deaths attributed to TBL®

On October 30, 1993, 23-year-old Mt. Vernon, NY, police officer LCJ was shot with a .380 caliber handgun. He was struck by a single round that
entered the left frontal side of his head without exiting. The officer was in a coma for several weeks. LCJ sustained severe neurological damage. During
his initial recovery and rehabilitation, he had to relearn how to speak and ambulate and was left with partial paralysis of the right side of his body. He
was subsequently retired at the rank of detective.

On April 20, 2006, a Mount Vernon, NY, detective was walking out of the police interview room after questioning a 33-year-old Bronx man in
connection with the April 14 killing of a local businessman when the man jumped out of his chair and grabbed the detective’s gun. A life-and-death
struggled ensued, and the man was able to get his hands on the trigger and fired a shot that penetrated the detective’s left foot.
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> New Report: Officers Shot in the Line of Duty, https://fop.net/2023/08/fop-monthly-update-officers-shot-and-killed-22.

Gunshot Wound Head Trauma, https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Gunshot-Wound-Head-Trauma.
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W12 Reading the Blueprint to Construct the Framework: Demystifying Forensic Accreditation

Nicole S. Jones, RTI International, Research Triangle Park, NC,; Erin P. Forry, RTI International, Research Triangle Park, NC; Allison Getz, National
Institute of Standards and Technology, Monrovia, MD,; John H. Grassel, RTI International, Apex, NC

Learning Overview: After attending this workshop, attendees will understand some principles of International Organization for Standardization (ISO)
accreditation programs and quality management, necessary elements of the requirements in each standard (ISO/IEC 17020 and ISO/IEC 17025), and
guidance on how to meet the requirements. Attendees will be provided with resources to help them develop an effective quality management system
and become an accredited Forensic Service Provider (FSP).

Impact Statement: This presentation will impact those in forensic science who are considering accreditation, or who are beginning the process of
obtaining accreditation, by explaining the pieces needed to build a framework of accreditation. It has been over a decade since the National Academy
of Sciences (NAS) published recommendations to the forensic science community about how forensic science can be strengthened in the United States,
which includes accreditation of FSPs.! Since then, accreditation of Forensic Science Service Providers (FSSPs) (e.g., Crime Scene Investigator [CSI]
units, crime labs, latent print units, etc.) has been endorsed by the National Commission on Forensic Science (Recommendation to the Attorney General
Universal Accreditation 2015), forensic science professional organizations (e.g., the American Academy of Forensic Sciences [AAFS], the American
Society of Crime Laboratory Directors [ASCLD], the Association of Forensic Quality Assurance Managers [AFQAM], the International Association
for Identification [IAI]), and even mandated by organizations such as the United States Department of Justice and state forensics oversight boards (e.g.,
New York, Texas). Many conference presentations and webinars have been given and reports written that advocate for accreditation in FSPs, giving
explanations for why it is beneficial to an organization, but what comes next? Where do they start? What do these standards mean? How are they
supposed to meet them? This workshop will provide attendees with answers to these questions as well as practical guidance and considerations when
building the quality assurance framework to obtain accreditation.

This workshop will provide an overview of the Framework for Accreditation of Forensic Units developed as part of cooperative agreement
70NANB21H098 with the National Institute of Standards and Technology (NIST) that can be used by FSPs through the accreditation process.

The workshop will review the benefits, and the drawbacks, to accreditation for an organization, particularly with respect to CSI and latent print units.
It will also discuss why accreditation of FSSPs is important to the criminal justice system, using practical examples in forensics as well as other
industries. Attendees will learn what a forensic accreditation program consists of and the structure of the International Organization for
Standardization/International Electrotechnical Commission (ISO/IEC) 17020 and ISO/IEC 17025 standards used to build a framework, along with the
similarities and differences between the two. Attendees will learn how to approach building a quality management system and the overall accreditation
process as well as tips for reading and interpreting standards.

Case studies about CSI units and small labs, some with only one or two employees, obtaining accreditation will be presented and discussed. Resources
and ideas to help the attendee design and build their quality management systems to become accredited will be shared. Chances are their organization
currently meets many of the requirements, and they may just need to document them. Participants should leave with a better understanding of quality
management and accreditation in forensic science and their importance and feel more confident in the possibility of incorporating both into operations
in their units and labs.

Accreditation of CSI units is important because the scene investigation is the main gateway for the recognizing, recording, collecting, transporting, and
storage of forensic evidence, which can have lasting impact on the analysis, interpretation, reporting of results, and ultimately the outcome of the
investigation. Accreditation also gives the criminal justice system and the public confidence in the agency’s results and ensures that the agency
maintains impartiality. Accreditation is a formal recognition that an agency has implemented internationally recognized standards and best practices
and demonstrates and maintains competency with a commitment to continuous process improvement. The 2009 National Academy of Sciences (NAS)
Report documented the need for mandatory accreditation for forensic disciplines, including many that police agencies and identification units engage
in.! This is particularly important in the practice of CSI and forensic science as, unlike other industries, there is no mandatory regulatory approach to
ensuring quality. Therefore, a voluntary standardization approach is important for maintaining public trust and transparency.

Reference:
I National Research Council (2009). Strengthening Forensic Science in the United States: A Path Forward. National Research Council. Washington,
D.C., National Academies Press.
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W13 Beyond the “Who Done It . ...” DNA Interpretation Given Activity Level Propositions

Tim Kalafut, Sam Houston State University, Department of Forensic Science, Huntsville, TX; Simone Gittelson, District of Columbia Department of
Forensic Sciences, Washington, DC

Learning Overview: After attending this workshop, attendees will be able to communicate expert knowledge on the evaluation of DNA evidence
given activity level propositions using a scientifically sound framework and published practices. Participants will understand how to apply the Case
Assessment and Interpretation (CAI) framework to perform case pre-assessments, formulate activity level propositions, and assign likelihood ratios for
biological evidence given activity level propositions. This knowledge provides attendees with tools to handle hypothetical questions commonly asked
in court, how to recognize poorly worded questions, and provide answers to these hypotheticals in a scientifically correct manner.

Impact Statement: This presentation will impact the forensic science community by providing guidance for real-world testimony on how to handle
DNA testimony when the court’s interest is beyond that of an “inclusion” and its associated sub-source likelihood ratio.

This workshop will demonstrate peer reviewed, published methods for evaluating DNA evidence given activity level propositions as well as related
testimony at court. DNA testimony has moved past the “Who?” questions related to the source of the DNA and it is now common for questions to be
asked about “How?” the DNA ended up on the evidence item. While this is often done using hypothetical questions designed to elicit vague answers
about “possible” or “could have” or “consistent with”, there are published frameworks and reporting and testimony guidelines available to assist both
experts and the court. This workshop will cover the theory and application of Case Assessment and Interpretation (CAI) and Bayesian networks (BN)
to evaluate DNA evidence profiles given activity level propositions and the communication of these results via report writing and testimony. A
combination of lectures, demonstrations, and hands-on group activities will be used in this workshop. Challenges in both the evaluation of the evidence
and testimony in an adversarial court system will be addressed as well.

There are numerous misconceptions and misunderstandings regarding the interpretation of DNA evidence given activity level propositions. Questions
in court often focus on hypothetical DNA transfers (e.g., “Is it possible that DNA transferred during such-and-such activity?”), though many people
don’t realize that by answering, they are testifying about activity level propositions. This workshop will demonstrate how to interpret DNA evidence
and share expert knowledge using a scientifically sound framework and published practices when questions about the evidence relate to what may have
happened.

In the morning session, participants will learn (1) how to formulate activity level propositions in accordance with the 2020 recommendations of the
DNA Commission of the ISFG [1], (2) conduct a case pre-assessment using the Case Assessment and Interpretation (CAI) framework [2,3], and (3)
assign likelihood ratios for DNA evidence given activity level propositions. After these lectures, the participants will understand the difference between
Transfer-Persistence-Prevalence-Recovery (TPPR) and an activity level proposition. In addition, an introduction to Bayesian networks will provide
the participants with an understanding of what Bayesian networks are, and how this approach may be used to assign the probabilities in the numerator
and denominator of a likelihood ratio.

In the afternoon sessions, participants will first explore a hands-on exercise to apply this newly acquired knowledge and skill set on a mock case.
Strategies for how to read forensic DNA literature to inform probabilities will be discussed. In the second half of the afternoon, the workshop will
cover court testimony of biological evidence. In this part of the workshop, the participants will learn to handle the hypothetical questions that are
commonly asked in court, and importantly, learn how to model responses to hypothetical questions.

After attending this workshop, participants will be able to recognize poorly worded questions and how to answer them in a scientifically correct manner
by testifying on the evidence rather than on what happened (i.e., avoid the transposed conditional). The workshop will conclude with a discussion and
a question and answer session. This workshop will provide attendees with examples of the scientific framework, knowledge, and skills to effectively
evaluate DNA evidence given activity level propositions and to correctly present this information in court testimony.

References:
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2 R. Cook, LW. Evett, G. Jackson, P.J. Jones, J.A. Lambert, A model for case assessment and interpretation, Science & Justice 38(3) (1998)

151-156.
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W14 Applications of Digital Forensic Audio/Video for Real Life Challenges With DeepFake Video, Audio, and
Artificial Intelligence

Catalin Grigoras, National Center for Media Forensics, Denver, CO; Zeno J. Geradts, NFI/University of Amsterdam, Den Haag, Zuid-Holland,
Netherlands; Cole Whitecotton, National Center for Media Forensics, Denver, CO

Learning Overview: After attending this workshop, attendees will: (1) be familiar with the latest developments in forensic audio analysis and
authentication; (2) understand criteria used for media authentication; and (3) understand how to conduct analysis within a forensic framework, and (4)
multiple frameworks to use for DeepFake video detection.

Impact Statement: This workshop will impact the forensic community by: (1) explaining the scientific approach in forensic audio authentication; (2)
demonstrating an authentication investigation framework; (3) discussing tools used to combat multimedia forgery; (4) showing multiple frameworks
to use for DeepFake video detection.

Digital multimedia authentication seeks to determine the validity of digital multimedia containers and contents by investigating their format, structure,
time, frequency, pixel, and/or sample level features. This workshop will discuss the digital audio and video analysis process providing the user with
methods of detecting and authenticating audio, including DeepVoice and DeepFake videos. It will also demonstrate the incorporation of multiple tools
and techniques into unified frameworks appropriate in forensic examinations where reducing examiner bias and error is crucial.

Section 1—Audio: We propose a one-hour workshop covering audio analyses and authentication. The goal of this workshop is to provide an overall
view of conducting comprehensive examinations that rely on the results of multiple analyses to inform an ultimate finding or opinion.

The workshop will focus on real-life audio challenges and solutions. The proposed audio authentication frameworks combine both container and content
analysis to determine authenticity of the recording as well as the purported source.'> Audio container analysis will exploit characteristics of the
multimedia file format and structure while content analysis will cover time and frequency domain techniques including quantization level, power, direct
current offset, butt splice, spectral, and Multidetector Computed Tomography (MDCT) analysis.

Section 2—Video: We will discuss the use of Artificial Intelligence (Al) to detect deepfakes with explainable methods. We will also cover other
methods for analyzing deepfakes, including:

e Blood flow analysis can be used to detect deepfakes by looking for inconsistencies in the blood flow of the face. Deepfakes often have
unnatural blood flow patterns, which can be identified by Al-powered software.

e Lip sync analysis can be used to detect deepfakes by looking for inconsistencies between the movement of the lips and the audio track.
Deepfakes often have lip movements that are not synchronized with the audio, which can be identified by Al-powered software.

e  Electric network frequency analysis can be used to detect deepfakes by looking for inconsistencies in the electric network frequency of the
video. Deepfakes often have a different electric network frequency than the original video, which can be identified by Al-powered software.

e  Photo Response Non-Uniformity (PRNU) analysis can be used to detect deepfakes by looking for inconsistencies in the PRNU pattern of the
image. PRNU is a unique pattern of noise present in all cameras. Deepfakes often have a different PRNU pattern than the original image.

e  Visual analysis can be used to detect deepfakes by looking for inconsistencies in the appearance of the face. Deepfakes often have unnatural
skin texture, lighting, or shadows. Visual analysis can be done by humans or by Al-powered software.

We will also discuss the limitations of each of these methods and how they can be used together to improve the detection of deepfakes. We hope this
workshop will provide you with a comprehensive overview of the methods available for detecting deepfakes.

References:
I SWGDE Best Practices for Digital Audio Authentication. Version: 1.3 (September 20, 2018).
2 ENFSI Best Practice Manual for Digital Audio Authenticity Analysis ENFSI-FSA-BPM-002, Ver.01-Dec 2022.
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W15 To Tell the Truth: Perspectives on the Practice of Courtroom Testimony

J.C.U. Downs, ForensX, LLC, Johns Island, SC; Gina Londino-Smolar, Department of Chemistry & Chemical Biology, Indiana University—Purdue
University Indianapolis, Indianapolis, IN; Marc A. LeBeau, FBI Laboratory, Quantico, VA; Ken E. Melson, The George Washington University,
Kinsale, VA; Tamela Adkins, Superior Court, Gwinnett County Georgia, Lawrenceville, GA; Michelle Medina, The Baez Law Firm., Miami, FL; James
L. Caruso, Office of the Medical Examiner, Denver, CO; Craig Ackley, Compendia, Inc./Forensic Case Solutions, Inc., Nashville, TN

Learning Overview: Upon completion of this workshop, attendees will be better able to understand and perform one of the most challenging parts of
any forensic practice—courtroom testimony in its many forms, be it civil or criminal; federal, military, or state; and deposition or trail.

Impact Statement: This workshop will impact the forensic science community by providing a multidisciplinary look at the why and how of the practice
of courtroom testimony, including recognizing potential challenges and pitfalls.

This session is a multidisciplinary workshop focused on courtroom testimony. The sessions are geared for all levels of experience from novice to
seasoned professionals. While the speakers will focus on subjects that include training, preparation, cognitive bias, courtroom technology, and
“high-profile” cases, the sessions will explore criminal versus civil, deposition versus trial, state versus federal versus military, etc. Various perspectives
from the different stakeholders involved are addressed—judge, prosecutor, defense, professional, and consultant.

Regardless of the particular section, all the forensic sciences converge in the courtroom with testimony regarding the findings. While there are expected
customs and duties assigned to the various parties involved, there is not—nor can there actually be—any single “standard” for a witness and how they
tell their story. While the basics are generally well-known, the court officials have various interests in their individual takes of “the truth, the whole
truth, and nothing but the truth.” Certain topics can affect that sworn duty: training, preparation, cognitive bias, courtroom technology, and
“high-profile” cases.

In our adversarial justice system, the judge — as the gatekeeper — is the arbiter of what is allowed. In the criminal courts, the jurisdiction sets the rules,
with an overall movement toward the Federal Rules of Evidence. The prosecution has specific duties to provide information to the defense. Generally,
the government has as its witnesses those government personnel already assigned to the task as day-to-day forensic scientists employed by the venue’s
forensic laboratory. On occasion, consulting experts are called in to assist with the case, but this can prove expensive and be a “difficult sell” to those
in control of finances, since the work has already been done and paid for by a regular employee. The defense generally can seek out an expert, but there
are various constraints they potentially face, two significant ones being funding and availability. In civil proceedings, attorneys for the plaintiff and
respondent are both reliant on those same government employees, but both sides are free to and do routinely engage consulting forensics practitioners.

Regardless of the venue, information is elicited from witnesses by means of a series of questions intended to provide the desired information in a
specific way and in a specific order. How information is elicited varies widely, depending on the attorney’s strategy. The witness is limited in how they
are allowed to respond, with the judge serving as final authority as to what is responsive to the question asked. A witness cannot volunteer information
but should only respond to the question asked. Attorneys for both sides should be fully cognizant of the facts and should follow up as needed to fully
provide the information sought from the witness. Prosecutors additionally have a duty to provide any information they believe to be potentially helpful
to the defense. The witness, unlike counsel, is not an advocate but should be an objective—a neutral analyst who looks at the data in a specific case
and then provides a reasoned interpretation of the information with their ultimate conclusion. Although the mechanics are similar across all jurisdictions
and in all courts, human personalities come into place to make the whole process even more interesting.

This workshop will focus on the many factors that make up court testimony. Various perspectives from the different stakeholders involved are
addressed, with special focus on training, preparation, cognitive bias, courtroom technology, and “high profile” cases. The purpose is to better
understand and perform one of the most challenging parts of any forensic practice—courtroom testimony.

Evidence; Lawyer; Court
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W16 Statistics and Forensic Science: From Probability to Black Box Studies to Likelihood Ratios

Linton Mohammed, Forensic Science Consultants, Inc., Poway, CA; James Green, Eugene, OR; Michael J. Salyards, Compass Scientific Consulting
LLC, Tucson, AZ; Hal S. Stern, University of California, Irvine, Irvine, CA

Learning Overview: After attending this workshop, attendees will: (1) be familiar with the language and key concepts of probability, including the
role of populations and sample, laws of probability, dependence/independence of events, conditional probability and Bayes’ rule, and the Likelihood
Ratio (LR); (2) be familiar with the language and key concepts of statistical inference, including the role of data collection, measurement, error rates,
reliability and validity; (3) understand issues associated with the design, execution, and interpretation of black box studies; (4) understand statistical
hypothesis testing and its relevance for the two-stage approach for analyzing forensic evidence; and (5) understand the likelihood ratio/Bayes factor
approach to assessing forensic evidence along with its strengths and weaknesses.

Impact Statement: Understanding the applications of statistics by the forensic science community will assist practitioners, attorneys, and jurists in
evaluating evidence and opinions. This workshop will impact the forensic science community by leaving attendees in a position to better understand
and engage in ongoing discussions (in the Organization of Scientific Area Committees [OSAC] and other places) about appropriate approaches to
assessing forensic evidence and reporting forensic conclusions.

This workshop introduces key concepts in probability and statistics for forensic practitioners by linking them to key topics that are currently impacting
the forensic community. The target audience is anyone from the forensic science community (practitioners, lawyers, judges, advocates) with a desire
to better understand ongoing conversations about error rates, black box studies, inconclusive findings, and LRs.

The analysis of many types of forensic evidence, including handwriting, firearms (bullets and cartridge cases), latent prints, and glass fragments,
requires the comparison of items, usually one of questioned origin and one or more from a known source, to assess their similarity and probative value.
Tools from probability and statistics play a critical role in the logical assessment of forensic evidence.

The workshop is organized into four sections. The first section reviews the definition of probability and key concepts, including conditional probability,
independence, and Bayes Rule that are relevant to forensic scientists. The concepts are illustrated through court cases where they arise naturally.

The second session addresses data collection (statistical sampling), design of experiments and studies, and statistical measurement. Important
measurement concepts like bias, variance, reliability, and validity are discussed. This leads naturally to a discussion of the strengths and weaknesses
of black box studies. Results from some of the published black box studies are reviewed.

The third section reviews more formal statistical concepts like estimation and hypothesis testing. These are discussed primarily in the context of a two-
stage approach to the analysis of forensic evidence; the two-stage approach first makes a determination as to whether a questioned and known sample
can be distinguished, then attempts to assess the probative value of the resulting conclusion.

The final part of the workshop addresses the LR framework for assessing forensic evidence. The LR has been used in the analysis of DNA evidence
for many years. This section of the workshop reviews the motivation for the LR, the way it works in DNA, the challenges associated with using the LR
for pattern evidence, and the relationship of the LR with other approaches. Newer approaches that rely on scores (e.g., FRSTATS) are also discussed.

The workshop is intended to leave participants in a position to better understand and engage in ongoing discussions (in Academy Standards Board
[ASB], OSAC, and other places) about appropriate approaches to assessing forensic evidence and reporting conclusions.

Statistics; Forensic Science; Evaluation
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W17 Crime Scene Reconstruction: Using Critical Thinking, Logic, and Reflection

David Pauly, Methodist University, New London, NC; Steve Downs, Methodist University, Fayetteville, NC; Bryan W. Brendley, Methodist University,
Greensboro, NC; Douglas Young, Thornton Police Department, Broomfield, CO

Learning Overview: The goal of this workshop is to assist attendees in understanding and implementing the scientific method of inquiry to criminal
investigations and forensic science problems by the use of physical evidence, objective data/information, artifacts of affect, and methods/processes of
reasoning, logic, and cognitive learning within the contextual bounds of where this data/information is located, to derive knowledge regarding a
particular incident and, when possible, to provide a chronological sequence to the incident.

Impact Statement: This workshop is critical to all forensic scientists, crime scene investigative personnel, detectives, pathologists, and attorneys
charged with investigating violations of law. By understanding logic, critical thinking, and reasoning, the law enforcement and forensic professional
will better understand how their own biases and/or lack of knowledge and understanding can impact this forensic science community’s decision-making
process that could lead to a flawed outcome or conclusion.

This workshop is applicable to all forensic science disciplines and will begin with an overview of forensic reconstruction in a broad sense, followed by
detailed information on how people process information to come to a conclusion, and culminating with a hands-on practical exercise involving all
attendees who will implement the concepts studied and presented. During this presentation, attendees will be instructed on the background of
reconstruction and how, by using a multidisciplinary systematic method of inquiry to problem-solving, they will be more likely to come to a logical
and factual outcome.

Since the mid-1950s, the United States population has nearly doubled to an estimated 330 million citizens. Crime of all types remains a significant
problem, with most metropolitan centers having a higher concentration. Estimates place law enforcement solve rates of most crimes below 20%, with
homicide hovering around 60% nationally.

Technology has exploded in law enforcement with the use of aerial drones, 2D panoramic and 3D scanners, along with portable alternate light sources
being more available and utilized than ever before. Despite all the advances in technology, there remains a need for law enforcement and forensic
science professionals to understand Reconstruction. Reconstruction is most thought of as the physical reconstruction of a motor vehicle collision,
bloodstain pattern, fire scene investigation, aviation disaster, or bullet trajectory.

This workshop will begin by introducing attendees to the fundamentals of how a person thinks, how they process information, and some of the pitfalls
of drawing a conclusion without sufficient knowledge. Evaluating a crime scene, damage to a vehicle, or injury to a body remains a crucial part of
crime solving, including the process of refuting that a crime occurred as alleged, or at all. This workshop will provide attendees with a better approach
to all investigations by providing a better foundation to problem solving that directly impacts the physical reconstruction process.

Attendees will receive instruction on the implementation of the scientific method of inquiry to criminal investigations and forensic science problems
by use of physical evidence, objective data/information, artifacts of affect, and methods/processes of reasoning, logic, and cognitive learning within
the contextual bounds of where this data/information is located, to derive knowledge regarding a particular incident and, when possible, to provide a
chronological sequence to the incident.'!!
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W18 Campus Shootings in America: Is There More We Can Do?

Betsy Adelizzi, Missouri Southern State University, Joplin, MO, Patricia Smith, Harris County District Attorney’s Office, Houston, TX; Timothy Wilson,
Missouri Southern State University, Joplin, MO, Travis Walthall, Missouri Southern State University, Joplin, MO, Patricia Williams, Franklin, TN

Learning Overview: The goal of this presentation is to provide an overview of campus shootings in America and continue with legislative and legal
updates through case analyses. This workshop will explore gender, mental illness, behavior, victimology, and weaponry. Attendees will be able to
assess their role in making positive and effective changes to policy, practice, and research within and among multiple disciplines. Attendees will have
the opportunity to discuss their existing practices and brainstorm alternates throughout the presentation.

Impact Statement: This presentation will impact the forensic science community by reminding all attendees of their role in making positive and
effective changes to eliminate campus shootings by focusing on our historical, at the time of, and post-incident responses and by using case analyses
to encourage accountability and promote real-time collaborative research and practices within multiple disciplines.

The goal of this presentation is to create an open and honest dialog about shootings on campuses across the United States. “Violence . . . crosses racial
and gender boundaries, as these horrific acts affect every racial group, social class, ethnicity, gender, and any time other category one can image.”' The
forensic science community and the criminal justice system as a whole has the responsibility of ensuring public safety through meaningful and
structured analyses, collaboration, and behavior-based changes to prevention and responding to incidents.

The United States has seen staggering numbers of mass shootings since the 1960s and increasing incidents at educational institutions.! Mass shootings
are statistically rare, accounting for less than 1% of all firearm homicides in the United States.> However, mass shootings on campuses are growing
and leaving behind a trail of gross destruction that emotionally outweighs the number of incidents.

According to The Violence Project, most mass shooters experienced childhood trauma; were exposed to violence at a young age; had an identifiable
grievance or crisis point; have studied the actions of past shooters and sought validation for their methods and motives; and had the means to carry out
an attack.? A mass shooter profile is unique to their targeted location and often includes some level of mental illness. A one-size-fits-all profile does
not exist.

Gender does play a minor role in the type of shooter, although most are male. According to a November 2011 United States Department of Justice
Report, women committed just 6% of all murders with multiple victims, four studied under the Violence Project, and two of those cases involved a
male partnership.

There are signs of shooter crises. There are specific changes in behavior that are noticeable to others. There are frequent incidents where concerns about
a shooter’s behavior was identified and reported but not taken seriously or connected until after an incident.

Weaponry and access to firearms brings up much concern and debate. Handguns were present in over three-fourths of all mass shootings. However, at
least one semiautomatic assault weapon, rifle, and/or shotgun were included.> Background checks are required, but sharing background check
information has demonstrated inconsistency and, in some cases, failed completely.

This presentation will include an overview with case analyses. We will discuss law enforcement responses and what improvements can be made at all
phases of an incident. Further, we will discuss the type of weaponry and how mental illness plays a role in the incidents and what practical implications
can be derived from our case analyses through open dialog with the audience, hoping to reduce violence on campuses and improve related policy and
practice through inclusive and diverse research and analyses.
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W19 Forensic Scientists on the Front Lines

Agnes D. Winokur, Laboratory Director, DEA, Miami, FL; Barry K. Logan, PhD, Executive Director, CFSRE, Horshan, PA; Alex J. Krotulski,
Associate Director, CFSRE, Abington, PA; Larry D. Fluty, Assistant Commissioner, U.S Customs & Border Protection, Montgomery, TX; Scott R.
Oulton, Deputy Assistant Administrator, Drug Enforcement Administration, Springfield, VA; Jonathan McGrath, Principal Technical Advisor, U.S.
Customs and Border Protection, Houston, TX; Sarah A. Shuda, Senior Scientist, CFSRE, Willow Grove, PA;

Learning Overview: After attending this workshop, attendees will be able to discuss examples of teamwork approaches that place forensic scientists
on the front lines, addressing the challenges associated with the growing number of emerging drug substances and precursors, the complexity of the
analysis, and the impact on enforcement and intelligence investigations. Attendees will be able to: (1) describe how forensic techniques can be used
beyond simply reporting the presence of controlled substances to provide insights into changes in drug manufacturing and distribution practices; (2)
evaluate the differences in analytical capabilities and workflow strategies provided in central laboratories versus front line laboratories; and (3) explain
how forensic analysis impacts intelligence gathering to support investigations, health, and safety.

Impact Statement This workshop will benefit the forensic science community by highlighting the impacts of forensic science collaborations on
investigations, epidemiology, drug intelligence, public health, and canine training and operations. It will also highlight how deployment of laboratories
on the front lines strengthens the efficiency of these operations, utility of the results, and timeliness of testing.

Forensic science is typically practiced in the controlled environment of a laboratory. The laboratory setting can house high-tech instrumentation, offer
a more stable environment for standardization and contamination control, and provide optimal conditions for peer review and quality systems
implementation.

The needs, role, and impact of forensic science have been transformative, increasing its use by the investigative sciences, law enforcement, medical
examiners and coroners, crime and death scene response, border agencies, and national security agencies, and even extending to other professional
domains like canine detection teams, public health agencies, drug intelligence agencies, and others.

These initiatives require scientists to leave the laboratory setting and employ best practices to support these investigative efforts, explore new field-
friendly technologies, develop creative ways to expand laboratory services to the field environment, rely on reach-back approaches to support what is
feasible in the field, and make the best of difficult environments without sacrificing the quality and standards expected by the public and the courts for
both investigative and forensic work.

This workshop will provide insights into various examples of forensic scientists working on the front lines supporting investigations or collection of
intelligence that supports public health and public safety agencies. Examples include satellite laboratories from the Canada Border Services Agency,
known as Designated Safe Sampling Areas, within Ports of Entry with high interdictions of illicit drugs, equipped with advanced real-time drug
identification technology. Similarly, the United States Customs and Border Protection (CBP) established Forward Operating Laboratories, which utilize
Fourier-transform infrared spectroscopy, Gas Chromatography/Mass Spectrometry (GC/MS), and colorimetric technologies to perform preliminary
drug screening at United States border inspection sites, including international mail facilities. These compact, chemist-led labs are designed to provide
border and law enforcement officers along with crime and intelligence analysts the advanced real-time drug identification needed to improve their
ability to seize narcotics, collect intelligence information, decrease response-time of informing law enforcement partners, and support border security.

A key component of border security and drug interdiction is the use of specially trained canines to aid with screening and searches. CBP will present
on their laboratory program to test, develop, and maintain narcotics and pseudo-narcotics training aids. The CBP program is developing science-based
strategies to strengthen canine training and operations, using solid phase microextraction GC/MS to characterize the chemical odor profiles of target
materials. This CBP canine program provides a model for how forensic laboratories can strengthen drug interdiction strategies.

Working in collaboration with customs officers to obtain authentic current drug seizures and test them for potency, purity, the presence of adulterants,
and evidence of unreacted precursors and reaction byproducts, in addition to supporting the development of drug canine training aids, helps investigators
identify changes in the methods of drug synthesis, packaging, and tableting. This workshop will feature data from a CBP collaboration with the Center
for Forensic Science Research and Education (CFSRE) on fentanyl profiling to determine insights into changing drug manufacturing and smuggling
practices. This will include a review of current synthetic methods for fentanyl and related compounds and the identification of analytical markers for
different synthetic routes as well as data analytics on fentanyl signatures from various points of seizure. The CFSRE will also present data from
collaboration with public health agencies, which provides a real-time look at what drugs and drug combinations are circulating at the street level.
Scientists from the Drug Enforcement Administration (DEA) will also discuss their collaboration with CBP and Food and Drug Administration (FDA),
bringing scientists to the front lines and expanding scientific expertise to supplement intelligence and investigative information, providing a more
comprehensive and holistic picture of the illicit fentanyl supply.

Fentanyl; Canines; Forensic Analysis
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W20 Moving Toward High Reliability in Forensic Science

Brian J. Gestring, 4n6services, Guilderland, NY; Laura C. Fulginiti, Maricopa County Office of the Medical Examiner, Phoenix, AZ; K. Scott Griffith,
SG Collaborative Solutions, Roanoke, TX

Learning Overview: After attending this workshop, attendees will have learned to see, understand, and manage risk within their operations.

Impact Statement: The work product of forensic providers is critical to the criminal justice system. While there have been advances in overall quality
over the years, forensic providers still find themselves reacting to adverse incidents as they become front-page headlines. This presentation will impact
the forensic science community by informing attendees of proactive approaches that will prevent adverse events from occurring and mechanisms that
can be put in place to quickly recover from these incidents if they do occur.

Socio-technical systems are made up of humans interacting with technology within the confines of an organizational culture. Forensic practice is socio-
technical because it involves all these elements. Attendees will learn to see, understand, and manage risk in each of these elements to increase their
overall organizational reliability and will be informed as to how to take steps to make their operations resilient.

In recent years, there have been significant advances in the quality associated with forensic practice. Systems are being put in place to manage quality
assurance and quality control, but forensic practitioners are still inexperienced in managing risk.

In layman’s terms, risk is the potential of something going wrong. As individuals, we manage risk every day, and our judgments differ based on the
severity of the potential negative outcome. Our risk tolerance is higher when we rummage through the refrigerator evaluating expiration dates than
when we evaluate getting an elective surgery.

For organizations to become reliable, they must learn how to evaluate the risk in each element of the socio-technical system. The first step in this
process is seeing the risk. While there are many cognitive biases that can interfere with seeing risk, the most pernicious is outcome bias. If a specific
behavior is “risky,” it must be changed, regardless of the outcome. Unfortunately, the outcome of an adverse event will dramatically change an
organization’s response. We even see this in our society. The penalty for being caught driving under the influence is significantly different for drivers
that are apprehended after a routine traffic stop than for those involved in fatal accidents.

Even if we see a risk, we don’t always fully understand it. After the outbreak of the novel coronavirus (COVID-19), authorities were aware of the
disease, but they did not fully understand how COVID-19 was different from a previous outbreak of respiratory disease that occurred in 2003.

Once risk is seen and understood, it then has to be managed. Risk avoidance is not always possible, so high-risk processes must have recoveries in
place should an adverse event occur. In the medical field, administering certain medications can be a high-risk process and it can’t be eliminated. Both
technological and human processes can be put in place to try and prevent the wrong medication from being administered. Technologically, a system
can be put in place to only dispense the medication and doses prescribed. Humans can also be used to double-check that the proper medication is being
dispensed.

While these barriers and redundancies will make the system reliable, if the improper medicine or dose is inadvertently administered, having an antidote
on hand will make the system resilient because it will allow the reliable system to quickly recover from an adverse event.

There is a pattern to how bad things happen and a science for preventing them. Moving toward high reliability and resiliency in forensic practice should
include learning how to see, understand, and manage the risks associated with our work.

High Reliability; Risk; Resiliency
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W21 Investigation and Certification of Intoxication Deaths for the Non-Pathologist

James R. Gill, Office of the Chief Medical Examiner, Farmington, CT; Laura Labay, NMS Labs, Langhorne, PA; Kelly Keyes, RTI, International,
Yorba Linda, CA; Candace H. Schoppe, San Diego County Medical Examiner’s Olffice, San Diego, CA

Learning Overview: The goal of this presentation is to introduce attendees to the essential components necessary for competent medicolegal death
investigation and proper certification of suspected substance-related deaths. Experts from their respective fields will discuss death investigation,
autopsy, and forensic toxicology. This program focuses on practical information that can be used by the non-pathologist and the pathologist-in-training
to understand the necessary task of investigating and certifying these deaths. The importance of proper death certification for public health and safety
purposes will be stressed. Upon completion of this educational activity, attendees should be able to: (1) recognize relevant investigative information
and where to obtain it; (2) understand the role of the autopsy in these investigations; (3) critically interpret toxicology testing in the context of the entire
case investigation; (4) understand the role of the forensic toxicologist; and (5) understand how drug intoxication deaths are certified and how they
affect the public health and criminal justice systems.

Impact Statement: This presentation will impact the forensic science community by providing non-pathologists with practical information to help
them understand the medicolegal investigative process, toxicological testing, and result interpretations to facilitate the recognition, investigation, and
certification of drug intoxication deaths. Attendees will learn what investigative findings raise suspicion for an intoxication death, the importance of
interpreting postmortem toxicology results in light of the investigative and autopsy findings, and the critical roles of the forensic toxicologist and
forensic pathologist. Ultimately, this will lead to an appreciation of how accurate death certification impacts public health and the criminal justice
system.

This workshop brings together experts in medicolegal death investigation, forensic pathology, and forensic toxicology to discuss the investigation and
toxicological analysis when substance use is suspected, focusing on identifying and certifying these deaths. Common problems faced during the
investigation, confounding or competing findings at autopsy, and pitfalls in postmortem toxicological testing and interpretation will be explored. To
properly certify these deaths, experts will discuss the impact of information gained from the investigation of the circumstances, autopsy, and appropriate
postmortem toxicological testing.

Over the past ten years, the number of accidental, substance-related deaths has increased to epidemic levels and constitutes a public health crisis.
Annually, over 100,000 people have died from accidental drug intoxications in the United States in 2021 and 2022. This, combined with a workforce
shortage of forensic pathologists, has further strained medicolegal death investigation systems and forensic toxicology laboratories. Despite these
hindrances, the joint efforts of the medicolegal death investigator, forensic toxicologist, and forensic pathologist are still needed to investigate and
certify deaths due to drug intoxications.!

Attendees will be introduced to the essential components necessary for competent medicolegal death investigation and proper certification of suspected
substance-related deaths. This program focuses on practical information that can be used by the non-pathologist and the pathologist-in-training to
understand the necessary task of investigating and certifying these deaths. This workshop brings together experts to illustrate their specialized roles in
investigating accidental substance use deaths.

The medicolegal death investigator considers the circumstances and looks for clues at the scene and on the body to assess the likelihood that a particular
death requires further investigation (e.g., a postmortem examination). The initial triage of the report of any death is a critical step. Once jurisdiction is
declined, it is rare to get a second opportunity to reconsider. Numerous investigative signs and autopsy findings associated with drug use, some subtle,
are presented.

The forensic pathologist is at the center of the investigation of the cause of death and, in addition to performing the autopsy, correlates the death
investigator’s and toxicologist’s findings.? Not performing an autopsy may lead to missing other possible causes of death, such as disease or trauma,
that supersede the drug intoxication as the cause of death. The benefits of the autopsy in excluding other or contributing causes of death are highlighted.

The forensic toxicology laboratory analyzes biological samples using the context of the case history to help direct testing so that drugs of forensic
relevance are detected and quantified. Analytical scopes and methodologies will be discussed, particularly in the context of novel psychoactive
substances.’

Common pitfalls encountered during each stage of the investigation and death certification process also will be demonstrated through practical case
examples, as they can affect proper scene investigation, triage, toxicology testing, result interpretation, and certification.* The important professional
relationships and interactions among the medicolegal death investigator, toxicologist, and pathologist are elucidated.

Overall, this presentation will impact the forensic science community by providing non-pathologists and pathologists-in-training with an understanding
of how toxicology testing factors into death investigations and how the pathologist determines if a person died of drug intoxication or simply died with
a drug intoxication so that the death is correctly certified. The importance of proper death certification for public health and safety purposes will be
stressed.
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W22  How Should Forensic Genetic Genealogy (FGG) Navigate the Court System? A Mock Cross Examination

Colleen M. Fitzpatrick, Identifinders International LLC, Fountain Valley, CA; Karra Porter, Intermountain Forensics, Salt Lake City, UT; Michael
Coble, Center for Human Identification, University of North Texas Health Science Center, Ft. Worth, TX; Mitch Morrissey, United Data Connect,
Lakewood, CO

Learning Overview: By attending this workshop, attendees will gain a perspective on important issues related to the introduction of FGG in court,
from both the prosecution and defense points of view. The mock trial and subsequent discussion will also provide FGG practitioners with insight into
how to present expert testimony.

Impact Statement: This presentation will impact the forensic science community through a demonstration of the cross examination of a qualified,
competent FGG expert witness, to show in real time various technical and legal challenges that may arise in court as FGG moves further into the
judicial system.

This workshop provides insight into the technical and legal challenges that may arise during cross examination, in the context of challenges the
community faces if FGG should move further into the court system.

FGG was recently introduced into court as an investigative lead in the trial of Patrick Leon Nicholas for the 1991 murder of high school senior Sarah
Yarborough in Federal Way, WA, as a way to address privacy concerns that the defense raised related to the state constitution. This landmark case has
brought to the forefront important issues concerning the relevance of introducing FGG in court. FGG can only produce investigative leads; ultimately,
legal identification depends on a Short Tandem Repeat (STR) match to crime scene DNA.

As FGG has helped solve many hundreds of cold cases, it is inevitable that it will move further into the criminal justice system. The Yarborough case
is only one of a very few examples to date of expert witness testimony on the subject; as more occur, it is critical to develop an understanding of the
role that FGG plays in solving a case in relation to issues that may arise with its introduction at trial. At present, the FGG community offers few courses
in professional development in a larger sense and very few, if any, covering expert witness testimony.

An expert witness must meet ANSI National Accreditation Board (ANAB) and Organization of American Studies (OAS) standards, which brings up
concerns over the lack of training and professional background of FGG practitioners. An expert is viewed not as a subject matter expert in a narrow
sense, but as a person qualified by knowledge, skill, experience, training, or education; that is, a practitioner broadly defined as an expert by his
education and relevant work experience. Without further training, practitioners called to testify in the near future will have little experience preparing
for trial testimony, with insufficient knowledge of what to expect.

By observing a mock FGG cross examination in real time involving a case where FGG provided investigative leads resulting in an arrest, attendees
will learn how a qualified, competent expert witness can respond to issues that may arise at trial, such as credentialling of FGG practitioners, ongoing
communication with an agency, apparent biases for or against law enforcement, and the use of unaccredited laboratories for producing FGG Single
Nucleotide Polymorphism (SNP) data.

Cold Case; Genealogy; Court
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W23  The Impact of Burning on Skeletal and DNA Evidence

Jane E. Buikstra, Arizona State University, Tempe, AZ; Katelyn L. Bolhofner, Forensic Anthropology, Arizona State University, Glendale, AZ; Joanne
Devlin, University of Tennessee, Knoxville, TN, Giovanna Vidoli, Forensic Anthropology Center, University of Tennessee, Knoxville, Knoxville, TN;
Anne Stone, Arizona State University, Tempe, AZ; Laura C. Fulginiti, Maricopa County Office of the Medical Examiner, Phoenix, AZ; Cody E. Parker,
School of Human Evolution and Social Change, Arizona State University, Gilbert, AZ; Evin M. Rawls, Arizona State University, Tempe, AZ

Learning Overview: After attending this workshop, attendees will have learned how fire affects bodies and the ability of researchers and forensic
practitioners to obtain skeletal and DNA evidence. Attendees should be able to: (1) describe methods used to characterize the extent of burning in bone;
(2) understand the effects of burning on bodies, (3) appreciate the different extraction methods applied to burned and highly degraded skeletal tissues,
and (4) evaluate which downstream analyses are likely to produce useful data for case identification.

Impact Statement: The recovery and analysis of skeletal evidence and DNA from burned human remains represent some of the most challenging
cases in medicolegal investigations. This workshop will impact the forensic science community by increasing attendees’ understanding of how burning
affects the body and DNA preservation. Specifically, attendees will understand the characteristics used to score the level of burning in bones and the
protocols used for optimal recovery of DNA from burned bone and tissue.

The presenters will provide an overview of how bodies burn from case examples as well as experimental burning of complete human bodies and will
discuss the classifications used to describe the extent of burning (i.e., the temperatures reached) in bone by previous researchers. Attendees will also
learn about DNA extraction methods that have been applied to burned tissue and bone. The presenters will discuss the success of these methods based
on data from research projects examining the effects of burning on skeletal remains and on the recovery of DNA from those remains. Attendees will
learn how the DNA recovered from these burned remains performs in subsequent Combined DNA Index System (CODIS) Short Tandem Repeat (STR)
and Next Generation Sequencing (NGS) analyses that aim to test the limits of DNA recovery from fire-death victims. This workshop probes the methods
(and challenges) for obtaining DNA using novel ancient genomic technologies optimized for maximum ultra-short molecular recovery as well as for
obtaining skeletal evidence, including evidence for trauma, from burned human remains.

Thermal alteration of the human skeleton reduces the amount of DNA available for STR genotyping and downstream NGS analyses. As a consequence,
the identity of many who died as the result of fire, such as some victims recovered from wildfires, house fires, or other medicolegal contexts, remain
unknown. In this workshop, the presenters will discuss how fire affects bodies and the ability of researchers and forensic practitioners to obtain skeletal
and DNA evidence. Attendees will first hear an overview of how bodies burn from case examples as well as experimental burning of complete human
bodies. This discussion will include how burning affects evidence of trauma as well as the classifications that have been used by previous researchers
to describe the extent of burning (i.e., the temperatures reached) in bone based on coloration and other tissue characteristics. The presenters will also
provide details about DNA extraction methods that have been applied to burned tissue and bone, and we will discuss the success of these methods
based on data from research projects conducted by researchers from Arizona State University with the Maricopa County Office of the Medical Examiner
(MCOME) and the Forensic Anthropology Center (FAC) at the University of Tennessee, Knoxville. Attendees will learn how the DNA recovered from
these burned remains performs in subsequent CODIS STR and NGS analyses. The NGS data enable comparisons of the success rates of DNA libraries
generated using both single- and double-stranded methods for mitochondrial genome and genome-wide single nucleotide polymorphism (SNP) capture.
These analyses aim to test the limits of DNA recovery from fire-death victims using a suite of these cutting-edge genomic technologies.

Skeletal Remains; DNA; Burn
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Al Increasing Access and Engagement at Academic Conferences: Comparing Modalities and Facilitating
Interactions

Lisa Monetti*, Drew University, Madison, NJ

Learning Overview: After attending this presentation, attendees will understand barriers to access to academic conferences in the fields of forensic
and biological anthropology. Attendees will also understand possible new directions for conference and session structure that will be more accessible
and increase diversity of presenters.

Impact Statement: This presentation will impact the forensic science community as it will address barriers to access to academic conferences. It will
highlight the value of diversity of presenters at academic conferences and show ways to make conferences within the forensic sciences more accessible.
Developing more accessible spaces for sharing knowledge within forensic science propels the field toward greater inclusivity and diversity of scientific
thought.

Changes implemented within higher education in response to the COVID-19 pandemic are innumerable. For one, international academic conferences
shifted from in-person to virtual and hybrid modalities. By now, many have returned to in-person formats while others retain hybrid options.

Prior to the COVID-19 pandemic, hybrid conference modalities were rare, but it had been suggested that their implementation could increase
accessibility, particularly for early career researchers and folks with other barriers to access, including geographic location. The pandemic posed an
opportunity to interrogate whether this was, in fact, the case. Of course, geographic location of the author and the conference itself are not the only
barriers to access, though many of the challenges are related to location, including travel costs, visa considerations, as well as perceived safety during
travel and when sharing accommodation or staying alone. The author analyzed conference proceedings from the fields of forensic anthropology and
biological anthropology to identify the proportion of first-author presenters who were from countries and continents other than those of the host
institution, following the methodology of Hirst et al.1 Findings suggest that these proportions remained largely unchanged regardless of the modality
of the conference. Twenty-two percent of first authors were from out of the host country for in-person years, and 24% for hybrid and virtual modalities
when considering the American Academy of Forensic Sciences (AAFS) and American Association of Biological Anthropologists (AABA) conferences
from 2016-2022. Because we understand that diversity and accessibility are essential for progressing scientific thought, what can be done to increase
access and international engagement at academic conferences?

An often-mentioned challenge within the discourse on virtual and hybrid conference modality is that of networking, which is seen as more difficult
when attendees are not physically in the same space as one another. The author developed and employed an adapted conference session format during
a virtual conference in 2021 that aimed to increase engagement, networking, and international collaboration in the virtual space. This included organizer
engagement with authors ahead of the conference, leading to the authors writing open-ended questions focused on topics adjacent to their research but
which they could not answer without increasing their collaboration with others. An increased number of discussion blocks were added to the session
and these questions were discussed in groups to identify areas of future collaboration and increase interaction between speakers and attendees.

Reference:
I Hirst, Cara S., et al. Digital Dilemma 2018: Digital Presentations in Biological Anthropology and Bioarchaeology. Papers from the Institute of
Archaeology 29.1 (2020): 1-15.
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A2 Assessing Opportunities for Forensic Casework Experience for Students Through Educational Programs
and Internships

Katherine M. Lane*, University of Central Florida, Winter Park, FL; Stephanie Fuehr, University of Central Florida, Orlando, FL; John J. Schultz,
University of Central Florida, Orlando, FL; Kelly C. McGehee, University of Central Florida, DeLand, FL

Learning Overview: This presentation utilizes survey data from forensic anthropology students to explore their opportunities and experiences with
casework through academic programs and/or internships. After attending this presentation, attendees will have a better understanding of the
opportunities available for forensic anthropology students and the gaps in accessibility for students to attain this crucial training.

Impact Statement: This presentation will impact the forensic science community by demonstrating that forensic anthropology students regard applied
casework experience as essential to their professional growth in the field. Adequate forensic casework experience is crucial to prepare them to become
forensic anthropology practitioners.

The American Board of Forensic Anthropology (ABFA) provides certifications for forensic anthropology practitioners who have demonstrated expertise
in their field. However, currently no qualifications and competencies have been defined for forensic anthropology students, who are poised to become
the next generation of practitioners. In order for students to become qualified forensic anthropology practitioners, there needs to be access to applied
training in forensic anthropology while attaining undergraduate/graduate education. While other core competencies are required of forensic
anthropology students, perhaps the most crucial is that of obtaining sufficient knowledge for practice and receiving practical experience. Therefore,
students interested in pursuing forensic anthropology, and especially ABFA certification, must primarily master these skills and have the casework
background necessary for practice while completing their degree(s).

This study investigates the opportunities for and experiences with forensic anthropology casework through degree programs and internships from the
perspective of students. An Institutional Review Board (IRB) -approved electronic survey was distributed on July 12,2023, and remained open through
October 31, 2023. The survey is advertised to both student and practitioner participants, and the survey questions are generated based on which category
defines a respondent. Both undergraduate and graduate students are able eligible to participate, and students are asked questions regarding basic
demographics and relating to their personal experiences with forensic casework.

Descriptive statistics were generated for participant responses. Currently, 32 current forensic anthropology students (or recent graduates) have
participated in the survey. Most respondents (56%) have completed a master’s degree, followed by a bachelor’s (36%). Of the 32 initial respondents,
only 23 participants answered, “Have you assisted with/conducted forensic casework?”; of these, approximately 82% of respondents had casework
experience. Students reported contributing to anywhere from 1 to 150 forensic cases, though only four respondents indicated analyzing more than 30
cases. Many students attained casework experience through degree programs (undergraduate [9%], master’s [30%], and doctoral [21%]), while others
(26%) received casework experience through an internship and/or visiting scientist program; 7% had not assisted with forensic casework. Of those
students who had casework experience, they were able to contribute roughly equally to search and recovery, maceration, photography, skeletal analysis,
and case report writing. Of those who assisted with writing case reports, the majority (36%) did not sign as author/co-author while 28% did. Through
free-form questions, students shared similar sentiments about the importance of gaining casework experience while in school. For example, respondents
noted that assisting with casework provides them with the opportunity to determine if forensic anthropology is the appropriate career path for them,
apply the methods they have learned through coursework, learn how to write case reports, learn how to navigate the larger death investigation system
in which forensic anthropologists operate, and become qualified to be a practicing forensic anthropologist.

These preliminary results indicate that, of the surveyed students, many forensic anthropology students have had experience with at least one forensic
case through academic programs and/or internships. These findings demonstrate most forensic anthropology students are receiving some applied
training, either in their educational programs or through internships. These results will be useful for students who do not receive hands-on learning to
advocate for themselves or to provide emphasis for searching for external learning opportunities, such as internships. This study aims to stress the
importance of obtaining practical forensic anthropology experience as a student.

Casework; Survey; Anthropology
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A3 How Contextual Information and Consideration of the Type of Bones Present Influence Interpretations of
Identifiability

Andrea Palmiotto*, Indiana University of Pennsylvania, Indiana, PA; Allysha P. Winburn, University of West Florida, Pensacola, Florida, Christine
M. Pink, Western Michigan University Homer Stryker M.D. School of Medicine, Kalamazoo, MI

Learning Overview: After attending this presentation, attendees will better appreciate the impacts of human decision-making when assessing the
identification potential of human skeletal remains.

Impact Statement: This presentation will impact the forensic science community by demonstrating that interpretations of the potential for skeletal
remains to lead to individual identifications are minimally influenced by biasing contextual information. However, interpretations of identifiability may
be swayed by the type of bones present in an assemblage.

Previous studies have demonstrated that forensic scientists are susceptible to the biasing effects of contextual information. In forensic anthropology,
for example, indicators of cognitive bias have been identified in interpretations of both metric and morphological estimates of sex.!> However, forensic
anthropologists have also emphasized the capacity for quality-assurance protocols like blind analysis, peer review, and linear sequential unmasking to
mitigate such contextual effects.!

The potential relationship between biasing contextual information and perceptions of identifiability is as-yet uninvestigated and formed the focus of
this study. An online, anonymous, Institutional Review Board (IRB) -approved survey was sent to forensic anthropologists (n=155) and other
individuals (including other forensic practitioners [n=121] and members of the public [n=48]). Participants examined a series of photographs of
incomplete human skeletal remains and were asked to interpret the potential for the remains to be identified. Possible responses were limited to
“Unlikely,” “Possible,” “Probable,” and “Very Likely.” One-third of participants viewed these photos with no accompanying contextual information,
one-third were exposed to limited biasing context (e.g., “The following set of remains was recovered from a forensic context with several personal
artifacts and other material evidence.”), and the remainder were exposed to extensive biasing context (e.g., “The following set of remains was recovered
in association with panties, a bra, and breast implants.”). Two hypotheses were examined: (1) contextual information and (2) the type of bones present
will impact perceptions of identifiability among other forensic practitioners and the public—but forensic anthropologists will not be biased by either
context or type of bones present.

These hypotheses were based on the assumptions that forensic anthropologists, with their expertise in skeletal analyses and their familiarity with
methods of skeletal identification based on multiple bodily regions, would recognize that biological inferences can be made from nearly any bone in
the human skeleton. We assumed that other individuals, who may be less familiar with anthropological analytical capabilities, would be influenced by
the contextual information and type of bones present. Therefore, we anticipated that forensic anthropologists would indicate that each set of remains
had a “Very Likely” chance of being identified, while other respondents would vary in their responses.

Chi-square contingency tables were used to examine differences in responses based on type of participant (“forensic anthropologists” and “others”)
and exposure to contextual bias (“none,” “limited,” or “extensive”). Responses indicated that participants generally were not swayed by biasing
information. Regardless of contextual details or anthropological experience, participants reported similar interpretations of identifiability for two of the
three photographs (p >0.05). However, all participants, including forensic anthropologists, were influenced by the type of bones present in the
photographs. No matter the type of contextual details provided, each group (“forensic anthropologists,” “others”) reported “Very Likely” identifiability
statistically significantly more frequently when the skull was present in an image compared to images with no skull present. Moreover, for the image
of predominantly long bones (no skull, ribs, vertebrae, or bones of the hands and feet), interpretations varied significantly among all groups.

These outcomes indicate that estimates of identifiability are relatively resistant to the biasing effects of contextual information, regardless of who is
making the estimate. This also suggests a greater awareness of forensic science analytical capabilities among the public. However, additional underlying
assumptions—specifically about the analytical value of the human skull and other elements—may be affecting interpretations of skeletal assemblages
and their identification potential. This study highlights an additional area that forensic anthropologists should consider when assessing human skeletal
assemblages.

References:

1. Davidson, M., Nakhaeizadeh, S., & Rando, C. (2023). Cognitive bias and the order of examination in forensic anthropological non-metric methods:
A pilot study. Australian Journal of Forensic Sciences, 55(2), 255-271.

Hartley, S., Winburn, A. P., & Dror, 1. E. (2022). Metric forensic anthropology decisions: Reliability and biasability of sectioning-point-based sex
estimates. Journal of forensic sciences, 67(1), 68-79.

Winburn, A. P., & Clemmons, C. M. (2021). Objectivity is a myth that harms the practice and diversity of forensic science. Forensic Science
International: Synergy, 3, 100196.
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A4 Mapping Barriers to Entry of Spanish-Speaking Students of Forensic Anthropology: Diversity in Academic
Opportunities at United States Hispanic-Serving Institutions

Patricia N. Morales Lorenzo*, Idaho State University, Pocatello, ID,; Samantha H. Blatt, Idaho State University, Pocatello, ID; Trace Miles, Idaho
State University, Pocatello, ID; Bailey Bates, Idaho State University, Pocatello, ID; Juliette Bedard, Idaho State University, Pocatello, ID

Learning Overview: After attending this presentation, attendees will be informed about barriers to entry in forensic anthropology for Spanish speakers
within the United States and understand the need for increased availability and resources of forensic anthropological programs/degrees and
opportunities available in Hispanic-Serving Institutions (HSI).

Impact Statement: This presentation will impact the forensic science community by demonstrating the need for recruitment and retention strategies
for Spanish-speaking students in forensic anthropology by analyzing the availability and resources of forensic anthropology programs within United
States HSI. This presentation further benefits the forensic science community by offering new strategies for improving educational opportunities for
Spanish-speaking and other diverse students in forensic anthropology.

Diverse research groups have been shown to produce more novel findings, introduce more technological innovations, and research cited more often
and by a wider audience.! Yet, the lack of diversity within forensic anthropology is well documented, with 87% reporting as non-Hispanic, White,
forensic anthropology lacks diversity among its practitioners."? This lack of diversity of practitioners likely produces blind spots in regard to the needs,
challenges, and culturally specific solutions of those the field serves. Even though 84.3% of forensic anthropologists believe that it is fundamental to
recruit and retain diverse practitioners in the field, no equitable outreach strategies have been put into place. In fact, the homogeneity of the field
increases from undergraduate to graduate to professional ranks, sifting-out diversity at each level.> While scholars have begun to examine the history
of inequity in the field (e.g., race and gender, primarily) and call for strategies necessary to increase and support diversity (e.g., Goliath et al. 2023),
language barriers have not been explored.> Numerous factors affect the enrollment and retention of minority students, but without interrogating the
data, the forensic sciences cannot self-examine the barriers to diversity within the field or enact changes to attract and retain minority practitioners.

The lack of Spanish-language scholarship in forensic anthropology appears to reflect the lack of the field’s diversity.* As part of a larger study exploring
the experiences of Spanish-speaking forensic anthropology students and practitioners and the gaps in Spanish-language scholarship in the field, this
study will present a Global Information System (GIS) map using the HSI database of the: (1) locations,( 2) availability of biological and forensic
anthropology courses, (3) degrees and certificates, (4) faculty mentors, and (5) enrollment costs, and other resources of United States HSI. As defined
by the United States Department of Education, an HSI is an institution that has an enrollment of at least 25% full-time undergraduate students making
them eligible for funding to provide expanded opportunities and resources for these students.> As of Fall 2020, 451 universities/colleges were classified
as HSIs with 2,044,533 enrolled Hispanic students within 25 states and Puerto Rico. This data is compared to results from a random selection of non-
HSI institutions within the United States that are listed as having forensic anthropology programs on the bioanth.org and AAFS.org websites. The map
is intended for use as a resource for prospective students, committees on diversity, and demonstrates one aspect of gatekeeping for minorities in our
discipline.

References:

I Yim, A.-D., Juarez, J. K., Goliath, J. R., & Melhado, L. S. (2022). Diversity in forensic sciences: Black, Indigenous, and People of Color
(BIPOC) representation in different medicolegal fields in the United States. Forensic Science International: Synergy, 5.
https://doi.org/10.1016/j.fsisyn.2022.100280.

Tallman, S., & Bird, C. (2022). Diversity and Inclusion in Forensic Anthropology: Where We Stand and Prospects for the Future. Forensic
Anthropology, 5(2), 84—101. https://doi.org/10.5744/fa.2020.3001.

Goliath, J. R., Waxenbaum, E. B., & Borgelt, T. S. (2023). Vulnerabilities for marginalized groups in the United States forensic anthropology
education system: Paths to engagement and belonging. Humans, 3(2), 126—136. https://doi.org/10.3390/humans3020011.

4 Go, M., Yukyi, N., & Chu, E. (2021). On weird anthropologists and their white skeletons. Forensic Anthropology, 4, 1-16.
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AS Using Cause of Death and Skeletal Indicators of Health and Stress to Understand Structural Inequality

Allyson M. Simon*, The Ohio State University, Westlake, OH,; Tempest D. Mellendorf, University of Tennessee, Knoxville, Rapid City, SD; Colleen M.
Cheverko, Rush University Medical Center, Chicago, IL; Melissa A. Clark, Cleveland State University, Cleveland, OH; Mark Hubbe, The Ohio State
University, Columbus, OH

Learning Overview: This presentation will demonstrate how Cause Of Death (COD) is related to different skeletal markers of physiological stress and
health, namely linear enamel hypoplasia, stature, and antemortem tooth loss. After attending this presentation, attendees will understand how COD and
skeletal markers of stress and health can provide useful information in medicolegal investigations when considered together. Both measures contribute
contextual information about the deceased’s lived experiences.

Impact Statement: This presentation will impact the forensic science community by showing that COD and skeletal markers of physiological stress
and health are tools to uncover context about people’s lived experiences. Combining information from COD and skeletal markers of stress and health
can advance forensic investigations by reducing the number of possible identities and identifying events or factors that contributed to an individual’s
death.

The cumulative burden of physiological stress during an individual’s life is reflected in a complex interplay of disease vulnerability, morbidity, and
mortality. Stress responses are often related to COD, both of which can be used as a measure of population health.! Here, we investigate the association
between COD and markers of physiological stress in a sample of 297 individuals from the Hamann-Todd Osteological Collection (HTOC), comprised
of individuals from predominantly low socioeconomic statuses from the late 19"- to early 20™-century Cleveland. Those in the HTOC were largely
employed as laborers or in unskilled trades and would have lived in areas of overcrowded housing causing high disease spread. Thus, the background
of the HTOC is comparable to forensic samples that often include victims of multifaceted structural inequality.? Linear Enamel Hypoplasia (LEH)
incidence and stature were used as indicators of physiological stress during growth and development, while Antemortem Tooth Loss (AMTL) was used
as an indicator of health during adulthood. LEH were scored as present/absent for each individual. Stature was available through medical and autopsy
records. AMTL was calculated as the proportion of teeth missing antemortem.

Documented CODs were available for most individuals in the sample from death certificates. CODs varied by socially ascribed race and sex within the
sample. Black Americans were twice as likely to die from tuberculosis than White Americans (x>=4.793, p=0.029). Individuals that died from
degenerative diseases, such as cardiovascular disease, had a significantly more AMTL (H=18.53, p=0.002). Differences in AMTL among COD
categories were still significant when controlling for age at death (F=2.388, p=0.038). Females that died from degenerative diseases had significantly
shorter statures compared to those that died of infectious disease (t=2.903, p=0.004). There were no significant differences in LEH prevalence among
the different CODs represented (y?=4.449, p=0.487), although a previous study found an association between stature and LEH presence for females in
the HTOC.3

These trends show that several skeletal markers of stress are related to degenerative disease in this sample. These results demonstrate how combining
information from COD and skeletal markers of physiological stress and health may provide additional context about an individual’s lived experiences,
which can aid forensic investigations by narrowing the pool of possible identities and understanding the events that led to an individual’s death.

References:

I Watkins R. Variation in health and socioeconomic status within the W. Montague Cobb skeletal collection: Degenerative joint disease, trauma
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A6 The Development of a Migrant Profile for Unidentified Human Remains Found Across Three Medicolegal
Offices in Greece

Sophia Mavroudas*, Forensic Anthropology Center at Texas State, Texas State University, San Marcos, TX; Despoina E. Flouri, Forensic Medicine
Unit, University Hospital of Heraklion, Heraklion, Iraklion, Greece; Konstantinos Moraitis, National and Kapodistrian University of Athens, School
of Medicine, Athens, Attiki, Greece; Christina Karydi, National and Kapodistrian University of Athens, Alimos, Attiki, Greece; Pavios Pavlidis,
Laboratory of Forensic Sciences, Democritus University of Thrace, Alexandroupolis, Evros, Greece,; Valeria M. Karakasi, University Department of
Psychiatry, Laboratory of Forensic Sciences, Democritus University of Thrace, Alexandroupolis, Evros, Greece; Elena F. Kranioti, University of
Crete, Heraklion, Iraklion, Greece

Learning Overview: This presentation will utilize demographic data from unidentified human remains cases originating from three offices within
Greece to demonstrate documented demographic trends between individuals considered migrants and individuals considered non-migrants. The goal
of this presentation is to contribute to ongoing research that is working toward building a migrant profile for remains discovered in border regions
globally.

Impact Statement: This presentation will impact the forensic community by highlighting the potential for anthropological analysis to assist in the
determination and identification of migrant remains. This presentation will also inform the forensic community about the diversity of migrant remains
within the Greek medicolegal system and the similarities between the Greek and United States migrant humanitarian crises to foster collaboration in
identification efforts.

For this study, the demographic and Global Positioning System (GPS) data from 770 cases between the years 1995 and 2022 were gathered from three
offices in Greece in which unidentified human remains were recovered. The offices were located across a diversity of landscapes, including the Forensic
Medicine Unit of the University of Crete in Heraklion on the island of Crete (n=99), the Forensic Anthropology Unit of the Department of Forensic
Medicine and Toxicology at National and Kapodistrian University of Athens located in the city of Athens (n=317), and the Department of Forensic
Medicine of the Democritus University of Thrace located in the city of Alexandroupoli (n=354). From the combined dataset, a total of 367 individuals
were considered migrants, while 403 individuals were considered non-migrants. For the individuals considered migrants with a known country of
origin, the majority of the individuals originated from Pakistan (n=35), followed by Syria (n=33) and Afghanistan (n=19), but in total 18 countries were
represented in the data from both the western and eastern hemispheres. The migrant cases consisted of primarily males (n=322, 87%) with an average
age of 27.1 years. The female migrant cases had an average age of 28.9 years. The primary cause of death for the migrant cases was drowning, followed
by traffic/train accidents. This migrant demographic profile differs from the non-migrant profile of unidentified individuals from among these offices
in that the non-migrant cases consisted of 49% males (n=201) with an average age of 59.4 years, while the females in this group had an average age of
66.4 years. The primary cause of death for the non-migrant cases was undetermined.

The identification rate for the migrant group was 47%, while the identification rate for the non-migrant group was 34%. The identified non-migrant
cases included individuals of both Greek and non-Greek ancestry. For both groups, the means of identification included combinations of visual
identifications, personal effects, fingerprints, and genetic methods. The GPS data for each case was used in hotspot analysis to qualitatively examine
any differences in concentrations across the Greek landscape between the migrant and non-migrant groups. The hotspot analysis shows a higher
concentration of migrant remains in the northeastern/Thracian region of Greece. While the data presented in this study indicate a specific demographic
and geographic trend of migrant remains, the study is limited by the inclusion of only three offices, an absence of data from major shipwrecks containing
migrants which are handled by other jurisdictions, and the data mining from a combination of pathology and anthropology reports. This presentation
will also discuss these limitations and directions for future research to build stronger migrant profiles and increase identification rates for both migrant
and non-migrant unidentified human remains in Greece.

Anthropology; Human Remains; Mass Fatality
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A7 The Development of a Multidisciplinary, Minimally Invasive Approach for the Forensic Examination of
Skulls

Ayusha Dahal*, University of Technology Sydney, Campbelltown, New South Wales, Australia; Dennis McNevin, University of Technology Sydney,
Ultimo, New South Wales, Australia; Denise Donlon, University of Sydney, Sydney, New South Wales, Australia; Stewart Fallon, ANU Radiocarbon
Laboratory, The Australian National University, Canberra, Australian Capital Territory, Australia; Jodie Ward, Australian Facility for Taphonomic
Experimental Research, University of Technology Sydney, Broadway, New South Wales, Australia

Learning Overview: After attending this presentation, attendees will have a greater understanding of the accuracy and consistency of the age at death,
sex, and ancestry estimations through anthropological, odontological, radiological, isotope analysis, proteomic, and genetic methods. Through the
discussion of the findings, attendees will ultimately appreciate the recommended multidisciplinary approach to forensic human identification for
skeletal remains.

Impact Statement: This presentation will impact the forensic science community by assessing various forensic profiling methods for human remains
identification to showcase the strengths and limitations of each when applied to skull-only remains. The presented findings will help guide investigators
to choose optimal methods and samples for age at death, sex, and ancestry estimations to aid missing persons investigations and disaster victim
identification.

Forensic examination of human skeletal remains is important to establish the unknown deceased person’s identity using an accepted scientific method
such as dental or DNA analysis or to estimate the individual’s age at death, sex, ancestry, lineage, externally visible characteristics, and other information
such as geographical region of origin.!"* Such approaches to human remains identification typically involve one or more anthropological, radiological,
isotopic, and genetic methods.*

This research focuses on cranial remains to evaluate a multidisciplinary, minimally invasive approach for the forensic examination of skulls. The
absence of a post-cranial skeleton often presents challenges for identification by limiting the skeletal elements available to generate investigative leads
when traditional dental and/or DNA matches fail. Therefore, this research aims to recommend an accurate, comprehensive, and least-destructive
sampling and examination workflow for skull-only cases to maximize identifying information.

Eight human cadavers donated to the Australian Facility for Taphonomic Experimental Research (AFTER) and subjected to different environmental
conditions were examined by various forensic experts applying different forensic examination approaches, starting with an anthropological assessment,
using both non-metric and metric approaches. The non-metric approach utilized a visual assessment of the skull for age, sex, and ancestry estimation,
while the metric approach included 30 cranial measurements analyzed through CRANID, FORDISC®, and AncesTrees programs for sex and ancestry
estimation. Different skeletal and dental elements were then sampled and submitted for DNA-based sex, phenotype, ancestry, and paternal and maternal
lineage estimations. These samples were also submitted for expert radiocarbon dating and stable isotope analysis.

The examination results obtained from each forensic technique/expert were reviewed to determine the accuracy of the age at death, sex, and ancestry
estimations by comparing them to documented and self-reported donor data.

The expert non-metric anthropological assessments provided accurate results for all age, sex, and ancestry estimation of the donors, showing a more
conservative result for age and ancestry predictions (e.g., “adult Caucasian male” instead of a specific age range or ancestral group). The metric
evaluation produced accurate sex estimation but showed only moderate success with ancestry prediction, showing a broad range of possible ancestries,
and proving to be more useful for accurate elimination of ancestral groups not corresponding with the donors’ measurements. Both nuclear and
mitochondrial DNA were successfully recovered from the petrous bone with the phenotype, ancestry, maternal lineage, and paternal lineage results
agreeing with the reported donor phenotype, ancestral, and sex information. The radiocarbon dating results for date of birth and death provide a
comparable age estimation with higher precision than the non-metric anthropological age assessment. The oxygen isotope results for region of origin
information are currently under progress.

The findings of this research highlight the need for forensic experts from different disciplines to work together for a holistic investigation to ensure
accurate and comprehensive human remains identification in skull only cases.
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A8 An Investigation Into the Facial Dimensions of a North Indian Population: Implications in Facial
Identification

Ankita Guleria*, Panjab University, Chandigarh, India; Kewal Krishan, Panjab University, Chandigarh, India; Vishal Sharma, Panjab University,
Institute of Forensic Science, Chandigarh, India

Learning Overview: After attending this presentation, attendees will understand the importance of facial morphometrics, the dominant and rare facial
features present in a north Indian population, and the usefulness of facial dimensions and their prediction in forensic examinations.

Impact Statement: This presentation will impact the forensic science community by providing in-depth knowledge of facial features and the
classification of faces for personal identification. The knowledge will be helpful for anatomists, plastic surgeons, and forensic experts to identify and
isolate the common and rare characteristics in the population.

Personal identification is a distinctive approach that distinguishes people from each other and makes them unique. The human face is the most common
approach that represents the uniqueness of a person.! Facial features are the results of environment and genetics that represent the specific characteristics
of the population in specific regions. Moreover, facial identification from video surveillance systems is becoming a common approach in the current
era.

The present study was conducted in the Mandi district of Himachal Pradesh, India, after obtaining ethical approval from the institution and written
informed consent of the participants. This study incorporated 228 participants (158 males and 70 females) who were healthy and young with an age
range of 1835 years. A total of 19 facial measurements were taken in a Frankfurt horizontal plane using a sliding and spreading caliper following the
standard procedure. Statistical analysis was done using the IBM® SPSS Statistics Version 20. Sexual dimorphism in the mean values of the measured
parameters was analyzed by using an independent sample t-test.

The present study evaluated three facial indices (i.e., facial index, nose index, and lip index) among the participants following the classification by
Williams et al., Martin and Saller, and Sarkodie et al.>* In males, the mean facial index, nasal index, and lip index were found to be 81.139, 71.18, and
39.73, respectively, whereas mean facial index, nasal index, and lip index of 78.78, 69.83, and 36.72 were observed in females, respectively.

By calculating the facial index, the most common and rare facial types present in the target population were studied. The most dominant face was found
to be hypereuryprosopic (very broad face) and the least was hyperleptoprosopic (very long face). The most common nose type was the mesorrhine,
whereas platyrrhine and hyperplatyrrhine types of noses were the least commonly present. In most of the target population, intermediate types of lips
were observed, whereas the least commonly found lips were of a thick type. Sexual dimorphism was also observed in the facial dimensions.
Furthermore, a low to strong correlation was observed among the various facial dimensions considered in the study. Afterward, the regression models
were formulated, which will be helpful for forensic anthropologists and law enforcement agencies for facial reconstruction and identification. This
study provided data for facial phenotype among the North Indian population, which will be helpful for plastic and oral surgery, biometric purposes as
well as facial identification in forensic science, etc.
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A9 The Identification of Fragmented Cranial Remains Exhumed From a Site Adjoining the Ajnala Site: A
Forensic Anthropological Case Report

Jagmahender Singh Sehrawat*, Panjab University, Department of Anthropology, Chandigarh, India; Niraj Rai, Birbal Sahni Institute of
Palaeosciences, Lucknow, Uttar Pradesh, India

Learning Overview: After attending this presentation, attendees will be sensitized about the importance of the application of advanced forensic
anthropological techniques for forensic identification of badly damaged skeletal remains.

Impact Statement: This presentation will impact the forensic science community by informing attendees that the multidisciplinary approach of the
anthropological, molecular, and chemical examinations of the isolated and badly damaged or commingled human remains can be very helpful in the
identification of such remains retrieved from forensic or bioarcheological contexts.

Mankind have suffered several unexpected disasters, heinous crimes, and brutalities, resulting in a large number of unknown skeletal remains to be
identified and repatriated to their relatives. Forensic anthropological identification of badly damaged and commingled human remains is a very difficult
task owing to poor preservation, severe fragmentation, missing elements, and the inadequate records about the conflicts or disasters that produced such
human remains. Establishing identity to such remains is the ultimate purpose of almost all forensic anthropological examination.! Integrated inputs
from archaeology, modern genetics, ancient DNA, and proteomics and stable isotope analysis has made such identifications possible.?

In one such incident of mass killings, 282 Indian-origin soldiers were killed by the colonial rulers, and the remains were dumped in an abandoned well
at Ajnala, India in in 1857; forensic anthropological examinations of these remains found them belonging to different Indian states as mentioned in the
written accounts. However, the damaged cranial fragments belonging to two individuals were retrieved from the area adjoining to Ajnala mass-burial
site during a construction activity carried out later in 2014.

The present study was conducted to ascertain whether the recovered cranial fragments were synchronous to Ajnala skeletal remains or if they belonged
to a different traumatic situation, with the objective of estimating the identity and population affinity of these cranial fragments. The morphological
examination of jaw fragments and teeth was used for their forensic anthropological examination. The ancient DNA from the second molar and temporal
auditory meatus of both the specimens was extracted and analyzed using standardized protocol, and library preparation was performed.*¢

The morphoscopical, osteological, molecular, and stable isotope results supported the versions that cranial fragments of two individuals excavated from
an adjoining site to Ajnala well belong to the same group of individuals who were captured and killed at Ajnala and whose cadavers were dumped into
an ancient abandoned well. It may be possible that cadavers of these individuals may have been buried after the main mass burial site (the Ajnala well)
was filled with sand. The general robusticity of the skull, and the size and shape of the gonial angle, mental eminence, and the mastoid process, showed
that fragments supposedly belonged to a male. The eruption of third molars with relatively minimal wear of the teeth, and the apparent degree of cranial
suture fusion (although this may be affected through taphonomic damage/distortion), indicated they were young-mature adults, though other skeletal
indicators may put these specimens in an older age category. The occlusal surface wear analysis shows that the teeth belong to a pretty youthful
individual, but the possibility of using a soft diet by these individuals cannot be ruled out. The pubic symphysis or auricular surfaces were not available
among the Ajnala skeletal assemblage for ascertaining the age of the specimen. The ancient DNA results were in accordance with the observations
reported in the previously published article where the geographical affiliation of the remains have been found to be non-local to the site, potentially
belonging to Eastern Uttar Pradesh, Bihar, and some Northeastern Indian.>®
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A10  Forensic Investigations on a Skull Found Inside a Roman Villa in the City of Diamante, Italy

Elena Varotto, PhD, Flinders University, Adelaide, South Australia, Australia; Francesco Maria Galassi, University of Lodz, Lodz, Lodzkie, Poland;
Matteo Antonio Sacco*, MD, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Saverio Gualtieri, MD,
Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Angelica Zibetti, MD, Institute of Legal Medicine,
Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Lucia Tarda, MD, Institute of Legal Medicine, Magna Graecia University of
Catanzaro, Catanzaro, Calabria, Italy; Umberto Rosini, MD, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro,
Calabria, Italy; Pietrantonio Ricci, MD, PhD, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Maria
Cristina Verrina*, MD, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy;, Luca Calanna, MD, Institute
of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Vincenzo Maria Ritorto, MD, Institute of Legal Medicine,
Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy; Alessandro Pasquale Tarallo* MD, Institute of Legal Medicine, Magna Graecia
University of Catanzaro, Catanzaro, Calabria, Italy; Wandamaria Mazzuca®, Institute of Legal Medicine, Magna Graecia University of Catanzaro,
Catanzaro, Calabria, Italy; Serena Coda, Student, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy,
Isabella Aquila, MD, PhD, DipFMS, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, Italy

Learning Overview: After attending this presentation, attendees will be able to describe the management protocol in the case of human remains
discovery.

Impact Statement: This presentation will impact the forensic science community by showing the usefulness of protocol-based procedures in the
context of human remains discovery.

In this case report, we describe a case of a skull discovery in Diamante, Italy, near a Roman archeological site. We carried out: a skull external
examination with photographic surveys before and after washing of internal surface of the skull; a radiological evaluation by performing a computer
tomography scan before and after washing of the internal surface; after skull sampling, a chronological evaluation was performed by determining the
radiocarbon concentration and comparing it with values of current 12C and 13C, and the calculation of 14 C with C6 Sucrose standard samples. An
anthropological analysis was performed to estimate age at death by an examination of the degree of suture closure (the “Mindle Lovejoy” method) and
an ancestry evaluation was conducted by application of the Hefner method. For taphonomy evaluation, the soil was sampled.

From anthropological and forensic examinations that were conducted, the skull was estimated to be a male subject. Age-at-death estimation was
performed both with a mean age of 51.5 (+ 12.6) years and with the latero-anterior system with a mean age of 56.2 (+ 8.5) years. Human ancestry was
comparable at 60.63% with Europoid one (Caucasoid). Radiocarbon dating collocates the skull to between 1877 and 1916 with a 29.5% interval of
confidence. The skull examination revealed multiple alterations on the cortical surface of the bone consisting of postmortem fractures, discolorations,
cracking, exfoliations, and erosions. Postmortem fracture can happen due to the soil weight acting on the bone surface or due to other
pressure/mechanical factors. Some areas of ethmoidal bone and zygomatic processes were presenting postmortem fractures. Discoloration phenomenon
was observed mainly in the right side of the skull, with the presence of yellow/orange spots, most likely determined by the position of the skull in
contact with the soil.

In the posterior-superior portion of the left parietal bone, an irregular oval area was present with a brownish mark in the center, referable to a combustion
sign that occurred after death. At morphological and radiological examinations, the presence of suspicious perimortem cut-marks, traumatic cut lesions,
caused by a blade with a thin section inflicted just before death were detected.

The investigations performed showed that the suspicious skull injuries described before were not compatible with perimortem lesions but to a
postmortem disarticulation. Moreover, from the anthropological and forensic analyses, it was possible to determine that the skull belonged to a male
subject who underwent a postmortem disarticulation, attributable to funeral rituals, which were conducted during prehistoric ages in Europe.!? In order
to reach those conclusions, we employed this protocol: external examination with photographic survey; radiological imaging with evaluation of the
results; anthropological analysis; radiocarbon dating; cataloging of circumstantial data present inside the skull (in order to perform future analysis).
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A1l  Skeletal Indicators of Down Syndrome: A Case Study in Forensic Anthropology

Theresa M. De Cree, Texas State University, San Marcos, TX; Ivanna Robledo*, Texas State University, San Marcos, TX; Emily Brooks, Arizona State
University, Tempe, AZ

Learning Overview: After attending this presentation, attendees will understand the importance of studying the skeletal manifestations of Down
syndrome and how the condition was represented in the remains included in this study.

Impact Statement: It is estimated that over 200,000 people are living with Down syndrome today.! However, current forensic anthropological literature
does not comprehensively address recognizing this condition in skeletal remains. The impact of this research will hopefully be the beginning of
establishing methods for recognizing Down syndrome in remains.

Estimated to affect 1 in 800 births, Down syndrome is a chromosomal condition caused by a mutation referred to as trisomy 21.! There are between
200 and 300 genes on chromosome 21; the main characteristics of this condition include hypotonia, respiratory issues, delayed development, intellectual
impairments, and a higher risk for infections.?

According to clinical and dental literature, skeletal phenotypes with varying rates of presence include: short stature, shortening of hand and feet bones,
unstable atlanto-axial joint, 12" rib absence or poor formation, shortened long bones, low nasal bridge, a narrow and short and deep and high palate,
changes in dental eruption timing, brachycephaly, malocclusion underdevelopment of osseous tissues, and mid-facial hypoplasia.'?

In addition to the listed skeletal abnormalities, delayed skeletal and dental growth could affect established age estimation methods in forensic
anthropology. Earlier onset of osteoporosis and increased rates of obesity could skew degradation-based age methods higher. The overall small size of
people with Down syndrome and hypotonia likely results in more gracile muscle attachment sites and therefore sex estimations could skew toward
female. Abnormal long bone ratios could cause errors in stature estimates which are primarily based on long bone measurements. Population affinity
is often assessed qualitatively by examining facial features, with cranial facial alterations such as a low nasal bridge and palate shape changes; therefore,
these methods could be affected.

In this case study, an individual with Down syndrome from the Texas State Donated Skeletal Collection was examined for non-metric variation, and
the biological profile was assessed utilizing common current methodologies. A complete biological profile was assessed, age was determined utilizing
ADBOU 2.1, sex was determined using MorphoPASSE, and FORDISC® 3.1; FORDISC® 3.1 was also used for stature and population affinity. Two
authors assessed each aspect of the biological profile with strong agreement between observers. Sex estimation incorrectly classified the individual as
female with high probabilities for all utilized methods. Population affinity was correctly estimated to be White with both cranial and post-cranial
methods with high probabilities. Stature estimation was calculated utilizing FORDISC® 3.1 and the estimated stature with a 90% confidence interval;
most resultant estimations contained the living stature; however, it was often the low point of the estimates. The individual’s age was contained in the
age estimate. The individual was also examined for any skeletal phenotypes listed in clinical literature, and the majority of traits listed above were
observed with the exception of a low nasal bridge, absence of the 12% rib, and brachycephaly. Due to edentulism, palate and dental differences could
not be observed.

This research demonstrates the importance of recognizing Down syndrome is skeletal remains, as doing so can aid in identification of individuals and
prevent the use of methodologies that are not appropriate for estimating the biological profiles of people with Down syndrome. Further research is
needed with an expanded sample size to better determine a set of skeletal characteristics that forensic anthropologists can utilize to potentially recognize
Down syndrome.
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A12  The Characteristics of a Vertebroplasty in Human Skeletal Remains

Nicholas V. Passalacqua*, Western Carolina University, Sylva, NC; Rebecca L. George, Western Carolina University, Cullowhee, NC; Erin Chapman,
Erie County Medical Examiner’s Office, Buffalo, NY; Emma F. Taylor, Western Carolina University, Cullowhee, NC; Nuwan Perara, Western Carolina
University, Cullowhee, NC

Learning Overview: The goal of this presentation is to explain the surgical procedure of a vertebroplasty and demonstrate its dry bone characteristics.

Impact Statement: This presentation will impact the forensic community by providing explanations of the physical modifications associated with a
vertebroplasty procedure, which may be confounding to forensic anthropologists and other medicolegal death investigation experts.

Vertebroplasties are safe and effective medical procedures where bone cement is injected into a vertebral body in order to reduce pain and increase
stability of the area. Vertebroplasties are typically performed to correct or stabilize a Vertebral body Compression Fracture (VCF), usually resulting
from osteoporosis. However, vertebroplasties may also be used to reinforce vertebral bodies in cases of Schmorl nodes or other pathological conditions
that weaken a vertebral body.!

Riggs and Melton report that there are over 700,000 VCFs diagnosed every year in the United States, resulting in ~115,000 hospital admissions.? VCFs
are three times more likely to occur in females compared to males and may result in chronic pain, immobilization, kyphosis, pulmonary deterioration,
and depression."? Clinically, VCFs are often treated with analgesics, bed rest, and external bracing; however, approximately one-third of patients
require the invasive treatment of a vertebroplasty.! Vertebroplasties are typically performed using fluoroscopy; a needle is inserted through the pedicle
of vertebra into the vertebral body, where the bone cement is injected. The volume of bone cement for a vertebroplasty will vary but is typically between
3.5-5.0mL depending on the size of the vertebra.! The most widely used bone cement for VCFs is Polymethyl Methacrylate (PMMA), which has a
curing time of approximately nine minutes.'

Here we present the dry bone characteristics of an individual with a vertebroplasty from Western Carolina University’s (WCU) willed body donation
program. WCU’s willed body donation program operates in support of its human decomposition facility, the Forensic Osteology Research Station
(FOREST). In this case, the individual had consented to taphonomic research and was used in a controlled burn as part of a continuing education course.
After the thermal alterations, the individual decomposed in the FOREST and was subsequently cleaned and curated in WCU’s John A. Williams Donated
Skeletal Collection. During processing for curation, abnormal characteristics were observed on the first lumbar vertebra. This vertebra presented as
abnormally heavy with a compressed vertebral body, where portions of the superior vertebral body’s cortical bone were absent and a hard, off-white
substance was protruding in some areas. Upon donation, this individual did not record previous medical procedures in their optional donation
paperwork, so the cause of the abnormality was unclear with multiple possible origins initially hypothesized (e.g., antemortem neoplasm, antemortem
surgical intervention, postmortem fungal growth).

Laboratory analyses were performed to investigate the abnormal vertebra. Gross observation of the vertebra did not locate any obvious areas of
antemortem needle insertion; however, the cortical bone of the vertebra was porous, which may have obscured surgical defects. The cortical bone on
the superior vertebral body was thin and fragile, suggesting that the absent portions of bone in this area likely occurred postmortem. Radiography of
the vertebra demonstrated the unknown substance was present throughout the inside of the vertebral body. The unknown substance was analyzed using
Fourier Transform Infrared Spectrometry (FTIR). The resulting spectrum showed the presence of PMMA and barium sulphate, consistent with bone
cement. Based on these results, the compressed vertebral body and presence of bone cement are indicative of a vertebroplasty. Due to a lack of medical
history for this donor, the age of the vertebroplasty and cause of the VCF is unknown.

With almost 20,000 vertebroplasties performed in the United States every year, forensic anthropologists are likely to encounter them occasionally in
their casework.’ Understanding this medical procedure as well as its characteristics in dry bone will assist forensic anthropologists in correctly
identifying these vertebral abnormalities and potentially assist in the identification process of unknown individuals expressing these characteristics.
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A13  An Unusual Case of Human Remains Found in an Urban Aqueduct

Stephanie Torres*, Los Angeles Medical Examiner-Coroner, Pomona, CA; Ellen Fricano, Western University of Health Sciences, Pomona, CA

Learning Overview: This presentation will outline the unique taphonomic effects observed on remains discovered in an urban aqueduct. After attending
the presentation, attendees will better understand taphonomic changes that can occur in a man-made water system and how it could impede trauma
identification.

Impact Statement: This presentation will impact the forensic science community by sharing how taphonomic changes in an urban water system differs
from a naturally occurring water system. Temperature, currents, fauna, flora, and water chemistry are among factors that can affect human remains
during decomposition. All these variables are drastically different in a man-made water system where the water is chemically treated and filtered to
remove contaminants, microorganisms, and debris. Distinguishing perimortem trauma from postmortem changes in forensic anthropology relies on
whether the bone was wet or dry when the damage occurred. In the case presented, the chemically treated water likely prolonged decomposition and
the highly pressurized water pipe created ample opportunity for postmortem damage on bone that retained its moisture content.

The skeletal remains of a single 30-year-old decedent were discovered in an urban aqueduct and water feeder pipe. Based on the timeline from
investigators, the decedent was likely in the pipe from 2015 to 2022. The remains were mostly skeletonized with remnant wet soft tissue surrounding
the vertebrae. No evidence of animal or insect activity was observed. The water was treated, clean water, which would reduce the presence of biological
agents normally found in natural bodies of water such as invertebrates and microorganisms.

The water pressure of the pipe caused significant damage to the skeleton, which occurred in the perimortem period, as defined by the period in which
the bone retains enough collagen and moisture to resist fracturing.! Several ribs and the scapula exhibited significant plastic deformation, with some
ribs bent as much as 90 degrees with little or no external or internal fracturing. Longitudinal fractures were observed on the superior and inferior
margins of the bent ribs. Rib fractures can be particularly challenging to assess given the shape of the bone, dynamic responses to loading specific to
ribs, and the scarcity of forensic anthropological literature on the subject.”> Abrasion consistent with the remains being in a turbulent aquatic
environment for some time was observed but it was much more localized than would be expected in a natural water context, taking on the appearance
of incised defects and even saw marks to the untrained eye.

This case emphasizes the need for decomposition equations for different types of aquatic environments as well as more trauma and taphonomy studies
in urban aquatic environments. By sharing the details of this unique case, anthropologists can better understand the taphonomic changes caused by
water movement in the context of the specific biological and chemical environment of an urban aqueduct.
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Al14  Understanding the Potential of Chemical Anthropology in Burned Human Remains

Calil I. Makhoul*, University of Coimbra, Centre for Functional Ecology, Laboratory of Forensic Anthropology, Department of Life Sciences, and
Molecular Physical-Chemistry R&D Unit, Department of Chemistry, Coimbra, Portugal; Luis A.E. Batista de Carvalho, University of Coimbra,
Molecular Physical-Chemistry R&D Unit, Department of Chemistry, Coimbra, Portugal; Eugénia Cunha, University of Coimbra, Centre for
Functional Ecology, Laboratory of Forensic Anthropology; Department of Life Sciences, Coimbra, Portugal, and National Institute of Legal Medicine
and Forensic Science, Lisbon, Portugal;, David Gongalves, PhD, Archaeosciences Laboratory, Directorate General Cultural Heritage
(LARC/CIBIO/InBIO), Lisbon, Portugal, and University of Coimbra, Centre for Functional Ecology, Laboratory of Forensic Anthropology;
Department of Life Sciences, and Research Center for Anthropology and Health, Department of Life Sciences, University of Coimbra, Coimbra,
Portugal

Learning Overview: This presentation will provide a deep understanding of the challenges forensic anthropologists face when analyzing burned human
remains due to heat-induced changes. After attending this presentation, attendees will understand how vibrational spectroscopy techniques like Fourier
Transform Infrared FTIR and MicroRaman can help assess the structural and chemical degradation of burned skeletons, focusing on key spectral
markers and their correlation with exposure temperature. In fact, it demonstrates the potential for using vibrational spectra to distinguish burned remains,
especially in complex scenarios, shedding light on the role of exposure duration in degradation. This knowledge equips attendees to apply vibrational
spectroscopy effectively in forensic anthropology, advancing the field’s capabilities.

Impact Statement: This presentation will impact the forensic science community by introducing innovative methods using vibrational spectroscopy
for assessing the structural and chemical degradation of burned human remains, significantly advancing the field of forensic anthropology. By providing
forensic anthropologists with precise tools to determine bone exposure temperatures and identify key spectral markers, this study enhances the accuracy
of forensic analysis, particularly in complex scenarios involving commingled or scattered remains, while also contributing to broader interdisciplinary
research.

Burned human remains pose challenging analytical problems to forensic anthropologists due to heat-induced changes. The determination of the
maximum temperature of exposure through bone has been frequently addressed in the past but still requires additional investigation. This research
explores the potential of vibrational spectroscopy in determining the structural and chemical degradation based on spectra from the organic and
inorganic composition of burned human skeletons.

To explore this, an assemblage of 560 samples from 40 skeletons of the 21%-Century Identified Skeletal Collection (University of Coimbra)
experimentally burned at different maximum temperatures (from 500°C to 1,050°C) and durations (from 45 to 240 minutes) were analyzed through
vibrational spectroscopy, namely FTIR and MicroRaman.' The relationship between the spectra of individual bones (long bones and hip bones) and
the variation of the intensity of the bands assigned to either organic or inorganic components such as amide I and II vibrational modes of proteins, CHz
bending and stretching vibrational modes of lipids, carbonate, hydroxyapatite, phosphate, hydroxylation patterns were investigated. The correlation of
the spectra of the organic and inorganic components with the maximum temperature of exposure is clear. Transition from polymorphic hexagonal to
monoclinic hydroxyapatite occurs at a temperature higher than 800°C. The band (Ca-OH) (ca. 345 ¢cm™) is detected only for burning temperatures
equal to or above 700°C, being absent for lower temperatures.

However, the chemical degradation of the burning experiment is still a variable that needs to be further investigated since it could reveal discriminatory
“fingerprinting” in cases of commingled or scattered contexts. Therefore, duration of the exposure plays an important role in the structural and chemical
degradation of burned human remains. This study obtained promising results regarding the potential of analyzing vibrational spectra from burned
human remains to assess the structural and chemical degradation correlated with the maximum temperature to which they have been exposed.
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A15  Is It Scientifically Impossible to Burn Human Bodies to Ashes? Revisiting the 2014 Case of the 43 Missing
Students from the Ayotzinapa Rural Teachers College in Guerrero, Mexico

Elayne J. Pope*, Fatal Fire Forensics, Knoxville, TN; Alison Galloway, University of California—Santa Cruz, Volcano, CA; Chelsey A. Juarez,
California State University Fresno, Fresno, CA; James G. Quintiere, University of Maryland, Margate, NJ; Riccardo Torres, Forensic Investigations
Group Global, Pharr, TX

Learning Overview: This presentation reexamines some of the older forensic and fire science that was used to investigate a 2014 case involving the
disappearances and incineration of 43 students in an outdoor dumpsite in Guerro, Mexico. In 2015, an investigation by the Inter-American Commission
of Human Rights (IACHR) had appointed the Interdisciplinary Group of Independent Experts (GIEI) to independently investigate the case. Portions of
the GIEI’s report were based on research findings from burning large wood cribs (pyre) with pig bodies to model the incineration of humans.! The GIEI
final report concluded that the 43 students were not incinerated in the dumpsite. In 2015, the IACHR had rejected the claim that 43 victims were
incinerated to “ash” at that site and concluded that the official account of events was scientifically impossible. Some of the decade-old forensic and fire
science that were used to investigate this case were compared to current findings from experimental fatal fire research involving n=10 outdoor
incendiary fire tests that demonstrated the multiple variables and processes associated with intentional cremation into fragmentary burned bones as
ashes. After this presentation, the attendees will understand the process of how human cadaver bodies are cremated based on current fatal fire research.

Impact Statement: This presentation will impact the forensic science community by demonstrating the importance of reevaluating older forensic
casework with updated scientific research findings, which can offer newer information into the case.

Over the past decade, there have been advances in the analysis of burned human remains from fatal fire research and the analysis of fire victims by
forensic anthropologists. Current research from forensic anthropology and fire science were applied to a 2014 case in Guerrero, Mexico, involving the
disappearances and incineration of 43 male victims. We revisited some of the original case findings and compared them with current research models
to test the hypothesis that it is scientifically impossible to burn 43 bodies to ashes.

We analyzed the results from n=10 experimental outdoor incendiary fire experiments using non-embalmed human cadaver bodies (donated with family
consent), different types and amounts of fuels, and burned for varying durations for forensic training and research during the Fatal Fire Death
Investigation Course by the San Luis Obispo Fire Investigation Strike Team (SLO FIST) in California’. Data collection from these tests documented
different fuel types and amounts, durations, passive and active involvement (refueling), the processes of cremation into burned tissues, bones, and teeth,
and how much time, fuels, and efforts are needed to intentionally cremate a human body to ashes. These results were compared to the research tests
and findings by fire scientist Dr. Torero in 2015 who burned pigs on wood cribs (pyre) to replicate human cremation.?

A comparative analysis of the research methods, materials, and findings from our current tests and those from the original investigation was conducted
to examine how much time, fuels, and efforts are needed to intentionally cremate a body. Torero’s research had estimated that to cremate one pig body
would require ~700kg of wood to burn for 12 hours to ash. Our research results demonstrated that full cremation resulted from significantly less fuels
of ~150kg—200+kg of wood for ~2 hours. We observed that the most extensive damage resulted from activities of refueling and intentionally stoking,
crushing, and pulverizing fragile burned bodies and burned bones into smaller fragments, which significantly reduced the time and materials needed
for cremation. In 2014, the site was excavated by the Equipo Argentino de Antropologia Forense (EAAF) forensic anthropologists who recovered
multiple darker charred fragments of burned human bones and teeth that had remained camouflaged within the black fire debris and overlooked until
site excavation. White calcined bones would be easier to identify and remove from black fire debris, which could explain their absence and why so few
bone fragments were recovered.

Our research results demonstrated that it is scientifically possible to intentionally cremate bodies to ashes as charred and calcined fragmented bones
and teeth burned in a large outdoor incendiary fire event with the intent to destroy evidence and that these newer scientific findings should be considered
to revisit the case. Three of the missing victims have been identified through DNA testing and newer technologies (i.e., Rapid DNA) that provide better
results for thermally degraded bone, especially for the charred remains. For almost a decade, the families and communities of the 43 missing victims
have been given false hope and are still searching for their loved ones after the Mexican government’s investigation concluded that it was scientifically
impossible that a mass cremation had occurred at the dump site and to keep looking elsewhere.
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A16  An Evaluation of Commingled Remains Using Computational Methods to Reconstruct Dental MNI Based
on Dental Wear

Melanie Need*, Leiden University, Amsterdam, Noord-Holland, Netherlands; Xenia Paula Kyriakou, University of West London, Fort Myers, FL; Tim
Eckhardt, University of Groningen, Groningen, Netherlands

Learning Overview: This presentation will utilize computational methods to reconstruct dental Minimum Number of Individuals (MNI) based on
dental wear. After attending this presentation, attendees will have a better understanding of this pilot study that shows a different approach to estimating
the MNI and the importance of improving method efficiency and accuracy.

Impact Statement: This presentation will impact the forensic scientific community by highlighting the use of age-related dental wear to re-associate
commingled teeth and reconstruct MNI using Python®. Attendees will grasp a better understanding of the use of Python® for purposes of re-associating
commingled teeth and the potential use of this particular method to a wide range of commingled osteological datasets.

A high recovery of commingled osteological human remains at an archaeological site is quite difficult due to a wide range of factors.! Existing methods
used in the estimation of MNI are time-consuming and present with accuracy challenges and embedded bias.? Osteo-sorting methods are limited to
reconstructing MNI based on the most frequent recurrence of a diagnostic skeletal or dental element. Commingled and disarticulated dentition is
exceptionally problematic in the absence of associating alveoli. An experimental approach using computational methods was developed to reconstruct
MNI using age-related dental wear scores following Lovejoy (1985) in a commingled dental assemblage (1,278 adult teeth; 22 cist graves) from the
Kourion Amathus Gate Cemetery (KAGC) in Cyprus.’

For the purposes of this study, a script was written in Python® that automatically calculated the MNI per tomb based on the amount of repetitive teeth
and dental wear score in order to reconstruct individuals. The code looped over every tooth per tomb and created new individuals based on dental wear
and tooth type. When the tooth did not fit any of the requirements to be placed within an already existing individual, a new individual was created. The
dental wear scores per individual varied only +/- 1 phase — as described in the Lovejoy method — from the first tooth listed in the individual. These
results were compared to the already determined MNI based on repetitiveness. It showed that a higher MNI was found in almost all the tombs when
taking dental wear into account. The total MNI before the Python® method was used was 66. After applying the method, the MNI was calculated as
111. The Wilcoxon test found that this difference was statistically significant with a p-value of 0.000599.

It is, however, suggested that caution is applied in using this method because at this pilot stage, it is recognized that more research on this topic is
required by testing the method on different datasets, preferably of known demographics and established dental MNI based on the level of wear present.
This will allow us to exploit weaknesses in the method and prevent these by tackling them in advance. In addition, the possibility of uneven dental
wear in an individual should be researched further to include that as a bias in the method to make it more reliable. The results of this pilot study show
promising potential and should be explored further in the future.
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Al17  MNI, NIDS, Centroids: Additional Considerations for Individuating Commingled Remains Using Stable
Isotope Ratios

Stephanie B. Hartley*, SNA International Contractor, Defense Prisoners of War/Missing in Action Accounting Agency, Joint Base Pearl Harbor-
Hickam, HI; Lesley A. Chesson, Laboratory, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI; Gregory E. Berg, Defense
POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI

Learning Overview: After attending this presentation, attendees will have a better understanding of the intraperson variation seen in the stable isotope
ratios of human bone collagen (carbon and nitrogen), and how this can and cannot be used in the segregation of commingled human remains.

Impact Statement: This presentation will impact the forensic science community by providing a more complete understanding of intraperson isotopic
variation seen in human bone collagen, as well as a novel approach to the segregation of commingled human remains assemblages using stable isotope
delta (8) values.

Fragmentary and/or highly commingled assemblages can make the anthropological segregation of skeletal elements into discrete individuals more
difficult. Stable isotope ratios (§'3C and §'°N values) measured for bone collagen have been shown to reliably sort modern commingled human remains
by creating an isotopic Minimum Number of Individuals (MNI) for an assemblage.!? Similar to morphological MNI in biological anthropology, the
application of isotopic MNI has limitations for large-scale commingled assemblages from similar backgrounds (e.g., individuals consuming similar
diets), often underestimating the number of individuals represented in an assemblage.

Isotope & values have also been shown to reliably segregate faunal remains into a Number of Isotopically Distinct Specimens (NIDS). In the NIDS
approach, Euclidean distances using a combination of §'°C and 6">N values in tandem rather than independently are applied to an assemblage for
individuation.? Currently, there is no comprehensive understanding of skeletal turnover rates within the literature. We hypothesized that bone turnover
could affect the isotopic profile of an individual, possibly leading to one element, or grouping of elements (e.g., lower body, upper body), to be
consistently “average” compared to the individual’s “overall” combined isotopic profile. In other words: Is there an element that consistently represents
the average isotopic signature of the entire human body? Additionally, we hypothesized that a NIDS metric calculated for a human assemblage would
be smaller than that previously calculated for faunal assemblages, based on the relative isotopic homogeneity of the modern human diet.

Collagen isotope ratios from 21 modern adult male individuals were examined. Each individual had a minimum of five long bones (at least two upper
and two lower body elements); in total, 118 elements were included. The individuals originated from Northeast Asia, Southeast Asia, and the United
States, and is a subset of the dataset previously used to determine human isotopic MNL.!

Chi-square tests were used to determine that there was no statistically significant difference between the mean or median elements when comparing all
long bones (statistically assuming all elements had an equal likelihood of being the centroid). Chi-square tests were also used to determine that there
were no statistically significant differences between various groupings (e.g., upper versus lower body, also assuming equal likelihood). Lastly, the mean
intraindividual Euclidian distance was calculated as 0.29%o (c = 0.16), compared to the 0.52%o (c = 0.45) seen in faunal remains.? This supports the
assumption that modern human diets are overall isotopically simple.

We found that there is no one element, nor grouping of elements within the long bones, that can be reliably used as a centroid for intraperson isotopic
variation in the segregation of large-scale commingled assemblages. While bone turnover rates are still scarcely understood, our results suggest that
intraskeletal variation in bone collagen §'3C and §'°N values is not statistically affected by typical turnover processes. Additionally, the NIDS metric
calculated in this study is smaller than what was seen previously in faunal remains, which suggests that a NIDS metric built from a human model could
also be used for individuation, although further examination is required. This should be tested in real-world applications using other commingled
remains.
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A18 The Accuracy and Reliability of Visual Pair Matching Lower Limb Bones in a Commingled Skeletal
Assemblage

Abigail K. Kindler*, SNA International, Supporting the Defense POW/MIA Accounting Agency, Honolulu, HI; Cortney N. Hulse, SNA International,
Joint Base Pearl Harbor-Hickam, HI; Carrie LeGarde, Defense POW/MIA Accounting Agency, Omaha, NE

Learning Overview: After attending this presentation, attendees will have a better understanding of the accuracy and reliability of visual pair matching
of lower limb bones within a commingled skeletal assemblage as well as the effect of unconscious bias during evaluation.

Impact Statement: This presentation will impact the forensic science community by bringing awareness to the strengths and limitations of visual pair
matching as an association and segregation tool within commingled skeletal assemblages.

In cases of commingled human remains, visual pair matching is a commonly utilized method for sorting remains due to its efficiency and ease of use.
However, the success of this method is largely based on observer experience, and few studies have tested its accuracy. As such, this study aims to
address questions regarding the accuracy and reliability of visual pair matching of lower limb bones, as well as whether being aware of case context
creates unconscious bias.

The sample consists of remains from individuals who were killed in the Battle of Tarawa during World War II. After recovery and identification efforts
in the mid-1900s, unknown individuals were subsequently buried in the National Memorial Cemetery of the Pacific in Honolulu, HI. When these
individuals were later disinterred by the Defense POW/MIA Accounting Agency (DPAA) for continued identification efforts, it was discovered that, in
some cases, a moderate amount of commingling had occurred during both the recovery and early identification efforts.

For this study, pairs of femora, tibiae, and fibulae from ten unknown individuals, as received by DPAA, were analyzed. True pairs were based on the
results of peer-reviewed analyses conducted at the DPAA laboratory by trained anthropologists. A total of 17 observers of varying experience and
educational levels were given the 30 long bone pairs without any context and were asked to record: (1) if the antimeres pair match, (2) their confidence
in their determination, and (3) a ranking of the top five skeletal features used in their determination. After at least one month, the observers were then
asked to complete another evaluation of the remains. However, during the second analysis, the observers were provided basic information regarding
the history of commingling for each pair of bones.

Results from both rounds of analysis yielded average pair-matching accuracies over 85%, with observer accuracy ranging from 64% to 100%. Intra-
observer agreement between the first and second round of analysis, evaluated through kappa scores, showed moderate-to-good agreement overall;
however, the variation in kappa scores for individual observers ranged from slight agreement to almost perfect agreement. Interestingly, intra-observer
agreement does not seem to reflect years of experience or education.

This research highlights the overall accuracy and reliability of visual pair matching when given previously paired antimeres from commingled contexts.
Furthermore, it discusses the influence of experience and context. While generally accurate and reliable, this research still demonstrates the potential
benefit of more standardized visual pair matching methodologies in commingled contexts. Future research will explore the role of analyst confidence
and observed skeletal traits in visual pair matching.

Pair Matching; Accuracy; Reliability
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A19  Assessing the Impact of Opioid Use on Human Clavicles Through Clinical Computed Tomography (CT): A
Pilot Study

Randi M. Depp*, The University of Akron, Akron, OH; Reed A. Davis, Baldwin Wallace University, Berea, OH; Evin Hessel, Northeast Ohio Medical
University, Rootstown, OH

Learning Overview: This presentation will utilize clinical CT data from human decedents to investigate and illustrate potential morphological changes
to the clavicles of young opioid users. After attending this presentation, attendees will understand the different classes of gross presentations of the
costal tuberosity of the clavicle, the prevalence of each type found in opioid users versus non-opioid users, and that forensic anthropologists should
consider opioid-induced morphological changes when assessing skeletal remains.

Impact Statement: This presentation will impact the forensic science community by providing the first known assessment of gross morphological
changes to the clavicles in opioid users. This is especially important in a forensic anthropological context, as opioid users make up an increasing
proportion of the decedents encountered, and the morphological impact of opioids on bone are currently unknown.

Opioid use and overdose deaths have been rapidly increasing in recent years.! Opioids are known in clinical settings to cause changes to bone quality
and can present as osteoporosis-like pathologies.? In forensic anthropology, these pathologies may interfere with the assessment of skeletal remains
(e.g., age estimation); however, evidence of any drug-related pathologies is not well documented and typically is only found in anecdotal form. Previous
case studies described resorptive-like changes to the costal tuberosity along the inferior surface of the medial clavicles of known opioid users.? Prior
research has described a variety of gross presentations of the costal tuberosity, also known as the rhomboid fossa or costal pit, ranging from smooth to
elevated, depressed, or pitted.** In this pilot study, we utilized decedent CT scans to identify the pattern of these morphologies in the clavicles of
documented opioid users to help inform forensic anthropological practices.

Clinical CT scans of 20 decedents (10 males, 10 females) ages 17-37 years were obtained from the New Mexico Decedent Image Database. Of those
20 decedents, 5 males and 5 females were known opioid users. The remaining decedents were age- and sex-matched controls with no history of opioid
use. The right and left clavicles were segmented through manual thresholding and selection tools. Surface meshes were generated to create 3D models
for visual scoring of the costal tuberosity for each clavicle using five classes: smooth, flat, elevated, depressed, and pitted. Cross-sections orthogonal
to the bone surface were extracted for review of any internal changes. The clavicles of both the male and female opioid users presented with a mixture
of classifications: smooth (two bilateral, three unilateral), flat (four unilateral), elevated (one unilateral), depressed (one bilateral, four unilateral), and
pitted (two unilateral). The male controls presented with only depressed (four bilateral) and pitted (one bilateral), while the female controls presented
with only smooth (one bilateral) and flat (four bilateral). In nearly all individuals, the cortex of the costal tuberosity region was visualized as more
radiolucent when viewed in cross-section, indicating a potential region of ongoing bone remodeling.

While the sample size of this study is small, the results indicate opioid users, especially females, may display different classes of costal tuberosity
morphologies than non-opioid users. This work also lays the foundation for future research into opioid-induced gross morphological changes to the
human skeleton and their impacts on forensic anthropological casework.

References:

- National Institutes of Health. Drug Overdose Death Rates. National Institute on Drug Abuse. Published June 30, 2023. Accessed July 18, 2023.
https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates.

2 Coluzzi F, Scerpa MS, Centanni M. The Effect of Opiates on Bone Formation and Bone Healing. Curr Osteoporos Rep. 2020;18(3):325-335.

doi:10.1007/s11914-020-00585-4.

Andronowski JM, Depp RM. A Multidisciplinary Perspective on the Role of Marginalization in the Identification of Opioid Users in Medicolegal

Investigations. In: Byrnes JF, Sandoval-Cervantes 1, eds. The Marginalized in Death: A Forensic Anthropology of Intersectional Identity in the

Modern Era. Rowman & Littlefield; 2022:281-315.

4 Rogers NL, Flournoy LE, McCormick WF. The thomboid fossa of the clavicle as a sex and age estimator. J Forensic Sci. 2000;45(1):61-67.

Kaewma A, Sampannang A, Tuamsuk P, Kanpittaya J, lamsaard S. Incidence of Clavicular Rhomboid Fossa in Northeastern Thais: An

Anthropological Study. Anat Res Int. 2016;2016:9298043. doi:10.1155/2016/9298043.

Forensic Anthropology; Opioids; Bone

Copyright 2024 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 -58 -


https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates

ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Anthropology—2024

A20  An Evaluation and Integration of Disparate Classification Schemes for Interparietal Bones in the
Human Crania

Rhian R. Dunn®, Michigan State University, Lansing, MI; Holly Long, Michigan State University, Bath, MI; Melissa Clarkson, University of Kentucky,
Lexington, KY; Joe T. Hefner, Michigan State University, East Lansing, M

Learning Overview: After attending this presentation, attendees will be familiarized with scoring strategies for interparietal bones and newly
developed, standardized composable diagrams capturing various expressions of interparietal bones in a single system for use by forensic
anthropologists, skeletal biologists, and clinicians.

Impact Statement: This presentation will impact the forensic science community by addressing a significant gap in current understanding of the
growth and development, distribution, and classification of interparietal bones.

Supernumerary (wormian, extrasutural) bones in the skull are some of the most recognizable cranial non-metric traits in the human skeleton. The study
of supernumerary bones has extended well beyond anthropology to other disciplines, likely due to their abundance, variation in form, and association
with various clinical conditions (e.g., pyknodysostosis, rickets)."> However, disciplines interpret supernumerary bones differently due to divergent
points of interest and focus, leading to disparate scoring strategies and limiting interdisciplinary research. Standardization is needed for better
collaboration and communication but should not erase or alter existing systems. A compromise is the creation of a unifying model using an evidence-
based approach, incorporating data from currently available systems into a single data collection/data sharing protocol.

To demonstrate the utility of standardization through evidence-based composable schematics, the authors focus on research into interparietal bones in
the human occipital. Interparietal bones are of particular interest due to their various manifestations and because their documentation is essential for
forensic anthropologists differentiating between supernumerary bones and perimortem trauma. Through a comprehensive review of the available
literature, we identified research articles and chapters focusing on the appearance and classification of interparietal bones. Specifically, the authors
examined trends in the study of interparietal bones over time, as well as differences in foci and the various approaches to classification of these
manifestations. In addition to this literature review, the authors examined physical evidence of interparietal bone variations on crania, including those
in research article figures and those available in nearby university skeletal collections.

Much of the research focused specifically on the growth and development of interparietal bones through examination of fetal occipital squamae and
the identification of ossification centers. We found large discrepancies in the reported number (ranging anywhere from 1-10) and positioning of
ossification centers. In terms of classification, we identified a number of disparate methods. Some of these use a dichotomous (absence/presence)
system, often based on the presence of a complete transverse occipital suture, while others use the overall morphology of the interparietal bone, where
any additional bone in the occipital squama is included and the structure emphasized (e.g., bipartite, quadripartite). Although some overlap between
systems exists, the variations in foci are often too disparate for direct comparisons.

Therefore, the next step in our research was the development and deployment of composable schematic illustrations incorporating all of these
methodological descriptors into one unifying system. These diagrams, digitally created and stored as Scalable Vector Graphics (SVGs), account for the
location of all occipital ossification centers and variations in the expression of interparietal bones observed in adult crania or identified in the literature.
The inclusion of all variations seen in our unifying model allows for comparison between systems not previously possible, without the erasure or
modification of previous work.

Standardization is an important component of science. Our research captures multiple systems in one outlet and permits data collection, data sharing,
and data management using evidence-based illustrations. In addition, the flexibility of our approach permits the inclusion of new morphologies without
the need to change an old system. We present this research and argue similar standardization is needed for other supernumerary bones on the human
cranium.
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A21  Is Bone Speed of Sound Affected by the Molecular Composition of Infant Bone?

Miriam E. Soto Martinez*, Harris County Institute of Forensic Sciences, Houston, TX; Jason M. Wiersema, Harris County Institute of Forensic
Sciences, Houston, TX; Christian Crowder, Tarrant County Medical Examiner’s Office, Fort Worth, TX; Angela Bachim, Baylor College of Medicine,
Houston, TX

Learning Overview: The goal of this presentation is to investigate whether the molecular composition of infant bone affects bone Speed of Sound
(SOS) values and, if so, evaluate which components are influential.

Impact Statement: This presentation will impact the forensic science community by contributing to the research evaluating the relationship between
the components of bone quality and SOS values in infants.

Forensic anthropologists, either explicitly or implicitly, assess bone quality as part of a blunt force trauma analysis. In association with pediatric trauma
cases, forensic pathologists and attorneys may ask the consulting forensic anthropologists for their expert opinion regarding a child’s bone quality as
this may have important bearing on the death investigation and legal proceedings. Yet, there is currently no non-invasive quantitative method to measure
general bone quality in infants. Such a method could inform diagnoses of infant skeletal trauma in both the clinical and/or medicolegal settings. Studies
of the adult population indicate that bone SOS values, as measured by quantitative ultrasound, are significantly correlated with Bone Mineral Density
(BMD), mechanical properties associated with bone strength, and fracture susceptibility. As such, SOS values are reported to measure bone quality in
the adult population. It is unclear whether the same is true for infants.

This is the third phase of a larger study investigating the relationship between SOS and bone quality in infants. Previous phases identified significant
correlations between SOS and: (1) the volumetric BMD (vBMD) of infant bone as measured by micro-Computed Tomography (microCT), and (2) the
ultimate bone strength and elastic toughness of infant bone as measured by mechanical testing.

The current phase evaluates the relationship between the molecular composition of infant bone, as measured by Raman spectroscopy, and SOS. The
study sample consists of 47 infants between the ages of 30 weeks gestation and 10 months at the time of death that were autopsied at the Harris County
Institute of Forensic Sciences. Post autopsy, SOS (m/s) was measured on the anteromedial aspect of the left tibial midshaft using a quantitative
ultrasound device. Planks of the tibial midshafts coinciding with the SOS measurement site were subjected to Raman spectroscopic analysis to quantify
bone composition. Univariate statistics were used to investigate the relationship between SOS and bone composition.

Results indicate that SOS is positively correlated with mineral-to-matrix ratio, explaining 10% of the variance in SOS (r = .309, p=.029). SOS was not
correlated with any other bone composition parameters, including mineral-to-collagen ratio. These findings suggest that SOS increases as bone mineral
content increases. A linear regression predicting SOS using mineral-to-matrix ratio values and vBMD with stepwise variable selection was performed
to further explore the relationship between SOS, bone mineral content, and bone mineral quantity. Mineral-to-matrix ratio was excluded from the
model, indicating that bone mineral content on the molecular scale did not significantly contribute to the variance in the SOS data beyond bone mineral
quantity. This may suggest that bone quantity is more influential on SOS than bone mineral content. However, these results may also reflect the
difference in scale in which SOS and bone composition were measured. Translated for medicolegal use, ultimate material strength and elastic toughness,
as measured by mechanical testing, vBMD as measured by microCT, and bone mineral content as measured by Raman spectroscopy are positively
correlated with SOS, indicating SOS is influenced by multiple components of bone quality in infants. There is still variance in the SOS measurements
that remains unexplained by any of the tested methods. Future phases will investigate the source(s) of this unexplained variance, including possible
effects of the presence and distribution of subperiosteal new bone on the methods used to quantify the components of infant bone quality.

Forensic Anthropology; Bone Speed Of Sound (SOS); Raman Spectroscopy
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A22  Laser Me This: Using Laser-Induced Breakdown Spectroscopy to Detect Formalin in Human Remains

Morghan Montana Hogg*, Florida Gulf Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Micki Besse, Florida
Gulf Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Heather A. Walsh-Haney, Florida Gulf Coast University
Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Savanna Agilar, Florida Gulf Coast University Human Identity and Trauma
Analysis Laboratory, Fort Myers, FL; Jay Radtke, District 14 Office of the Medical Examiner, Panama City, FL

Learning Overview: After attending this presentation, attendees will have learned a new approach to evaluating taphonomic changes to human remains.

Impact Statement: This presentation will impact the forensic science community by introducing attendees to the detection of formalin within preserved
remains using Laser-Induced Breakdown Spectroscopy (LIBS).

Forensic anthropologists are tasked with evaluating taphonomic change as it informs death investigations. The use of LIBS in forensic anthropological
casework has matched skeletal elements to the individual in mass fatality or commingled assemblages. However, the LIBS is both an analytical
instrument and a technique increasing in popularity and utility in research laboratories as the spectrometer applies a high-powered, minimally
destructive pulsed laser to a sample surface area and creates vaporized plasma for spectral analysis at various wavelengths (nm)."? Despite these
advances, researchers have not addressed the utility of the LIBS in the detection of human remains exposed to embalming fluids. Formalin is a fixative
chemical (containing 40% aqueous formaldehyde) that can be used during embalming funerary practices.’

In this case study of fetal remains presumed to be associated with a defunct funeral home, the LIBS (System 150 Nano Series Pulsed Nd: YAG laser—
RMA 0346-00) was used to analyze the intensity of formalin (10% neutral buffer) on human bone and soft tissue. A standard control was established
by soaking a sterile cotton swab in formalin until saturation. This standard was compared to spectra of soft tissue, left temporal, right scapula, right
femur, and soil (e.g., fill dirt) associated with these remains. The LIBS was sampled on the midpoint surface of each element and produced spectral
analyses evaluated from 528nm to 716nm. The formalin control had 14 peaks that were used for comparison. The soft tissue spectrum yielded 100%
peak similarities and suggested that the formalin was completely absorbed in the sample. In descending order, the temporal (64.3%), soil (21.4%), and
scapula (7.1%) revealed spectral peaks consistent to the control (Fisher’s Exact Test, N = 6, p >0.05). The femur (0%) produced no similar peaks to the
control but was previously encased in the soft tissue. This case study revealed that the LIBS can detect formalin (10% neutral buffer) with most of the
similarities produced in the soft tissue, skeletal elements, and soil containing the remains.
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A23  An Application of Dietary Isotopes to Estimate Temporal Context of Unidentified Human Remains in
British Columbia, Canada

Damon C. Tarrant*, Simon Fraser University, Burnaby, BC, Canada; Laura Yazedjian, British Columbia Coroners Service, Burnaby, BC, Canada;
Michael Richards, Simon Fraser University, Burnaby, BC, Canada

Learning Overview: The goal of this presentation is to demonstrate the basics of dietary isotopic analysis and how it can be employed as an
investigative tool in determining the medicolegal significance of unidentified human remains. Using carbon and nitrogen isotopes, we demonstrate
how an individual's diet can be an initial indicator of temporality.

Impact Statement: This presentation will impact the forensic science community by demonstrating one of many potential uses for human isotopic
analysis in forensic investigation. Isotopic analysis provides a cost-effective initial strategy for investigations involving skeletal unidentified human
remains. Dietary isotopes indicated that 15 of 33 individuals were of an archaeological context. These interpretations were validated using radiocarbon
dating.

Isotopic analysis has been used in archacological and forensic contexts to examine diet, migration, trace evidence, and the origin of individuals.! On
behalf of, and in collaboration with, the British Columbia (Canada) Coroners Service, this project sought to estimate the medicolegal significance of
33 cases of unidentified human remains using isotopes to indicate the subsistence pattern of these individuals. Carbon and nitrogen isotopes were
analyzed as they are strong indicators of diet and could potentially differentiate an archaeological or contemporary population. As bulk isotopic analysis
is more affordable than radiocarbon dating, this method may be a cost-effective initial strategy to estimate the medicolegal significance of unidentified
human remains.

Archaeological populations in British Columbia typically maintained a marine diet resulting in higher 8'>N and 8'*C isotopic values, while
contemporary populations typically maintain a terrestrial-based diet, resulting in lower 8'>N and 8'3C isotopic values.!

We extracted collagen from the 33 individuals and measured the carbon and nitrogen isotopes in the Archaeology Isotope Laboratory at the Department
of Archaeology, Simon Fraser University, Canada. Using K-means cluster analysis, the sample was clustered into two archaeological or contemporary
groups. Cases considered archaeological would be returned to local communities for reburial, while those determined to be contemporary indicate
possible medicolegal significance. These results were validated using radiocarbon dating to determine the accuracy of the authors’ interpretations.

Fifteen individuals were classified as archaeological context due based on their increased 8'°N and §'*C values, while the remaining 18 individuals
were classified as contemporary due to their lower '3N and §'*C values. Radiocarbon dating confirmed that all individuals classified as archaeological
were not of forensic interest.

The significance of this research is the demonstration that bulk isotopic analysis can provide a cost-effective initial strategy to the investigation of
unidentified human remains when it is unclear whether they are from forensic or archaeological contexts.
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A24  How Low Can You Go? A Lower Bound Limit for §'"N Values From Human Bone Collagen

Amanda N. Friend* SNA International in Support of DPAA Hawaii, Joint Base Pearl Harbor-Hickam, HI; Claire Maass, Defense POW/MIA
Accounting Agency, Joint Base Pearl Harbor-Hickham, HI; Gregory E. Berg, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-
Hickham, HI; Lesley A. Chesson, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickham, HI

Learning Overview: After attending this presentation, attendees will understand a potential new tool for determining if osseous material is non-human
animal based on nitrogen isotope delta values.

Impact Statement: This presentation will impact the forensic science community by demonstrating a lower bound limit for nitrogen isotope delta (§)
values for human bone collagen that can assist in determining if osseous material originated from a non-human animal.

One of the foundational questions in forensic investigations is identifying the material being examined and determining its probative value. For
laboratories that routinely deal with small, non-diagnostic osseous material, this process often entails asking: is it human or non-human? The answer
to this question has major implications within laboratory and medicolegal systems, as a non-human result will often remove the item from an evidentiary
tract.

For non-diagnostic remains, multiple approaches for answering human vs. non-human questions are available in a large interdisciplinary laboratory
setting. Histological analysis and DNA analysis (12S protocols) are often used. However, these analyses may not be feasible or appropriate due to
resource limitations and/or available sample materials. Stable isotope ratio analysis has previously been used for assessing the origin of unidentified
human remains, assisting with individuation, and supporting identifications in large, commingled assemblages.' The integration of isotope testing into
the laboratory framework provides an opportunity to investigate its potential as an additional tool for determining if osseous material is human or non-
human.

The present study investigates the use of nitrogen isotope & values (6§'°N) to determine if a lower limit exists for human bone collagen. The examined
data were generated from an accredited laboratory that prepares, analyzes, and interprets bone collagen §'°N values as a routine part of casework. In
total, approximately 4,068 samples had measured 6'°N values available for the study. This dataset was scrubbed to remove samples with unacceptable
atomic C:N ratios (<3.1 or >3.5); second preparations/analyses of samples completed solely for research purposes; and known non-humans, resulting
in a final dataset of 3,613 test results. Individuation of the final dataset was not performed to mimic real casework circumstances in which an individual
may be sampled multiple times for testing.

The mean §"°N value for the 3,613 samples was 11.38%o with a standard deviation () of 1.17%o. The range was 5.16%o to 19.33%o. Using these
statistics, we propose a lower limit of 3¢ from the mean for “are probably” non-human and a limit of 4c from the mean for “are” non-human. After
accounting for measurement uncertainty (0.34%o) and rounding to the nearest 0.05%o, these proposed limits are 7.50%o and 6.35%o, respectively. From
the dataset, 43 samples fell below the “are probably” non-human limit of 7.50%o for an error rate of 1.19% and only 5 samples fell below the “are”
non-human limit of 6.35%o for an error rate of 0.14%.

An initial test of these limits using 12 non-human elements and standards available in the laboratory found that 67% (n = 8) fell below the “are probably”
limit, and 50% (n = 6) fell below the “are” limit. The limits will be further tested using all routine casework samples prepared in the laboratory between
August 2023 and January 2024. Additionally, no modern human bone collagen §'°N value found in the published literature to date has fallen below
these limits. Future work will use more published data (e.g., a large dataset of non-human samples) to test the lower bound limits for §15N values of
7.50%o for “are probably” and 6.35%o for “are” non-human to refine their use and application.>*
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A25  Taphonomic Effects on the C:N Ratio and $"*C and 6'N Isotopes in Bone Collagen

Nicole Long*, North Carolina State University, Cary, NC; Ann H. Ross, North Carolina State University, Raleigh, NC,; Ethan Hyland, North Carolina
State University, Raleigh, NC

Learning Overview: After attending this presentation, attendees will understand the taphonomic effects of season and deposition type on stable isotope
values in bone collagen using fetal and juvenile domestic pig bone samples.

Impact Statement: This presentation will impact the forensic science community by providing data on the preservation quality of collagen in bone
using the C:N value, as well as identifying variation in the §'*C and 8'3N values in bone deposited in different seasons and in deposition types.

Bone provides mechanical and functional properties to the skeletal elements within the human body. Structurally, the organic, proteinaceous part of
bone creates a protective framework around the inorganic, mineral part of bone. This structure gives bone resistance against diagenetic processes such
as bacterial invasion. The C:N ratio in bone has been used to measure the quality of the organic material in bone, which is almost entirely made up of
the protein collagen.! In addition, the §'3C and §'°N values from bone collagen have been used to reconstruct past diets and determine suitability of
collagen for radiocarbon dating.? In various conditions, microbial processes affect the rate of bioerosion depending on length of time and the conditions
of the environment.® In turn, stable carbon and nitrogen isotope values in bone collagen may be influenced by the environment in which the bone is
buried or deposited. In a forensic context, observing the conditions in which the C:N ratio may be affected by taphonomic factors is important to
understand not only taphonomic effects of varying burial conditions, but also the reliability of §'3C and §'°N values.

The purpose of this study is twofold: (1) to explore collagen preservation in bone using the C:N ratio and its variation according to depositional and
seasonal environments in a temperate zone; and (2) to examine individual 8'3C and 8'°N variation within these different seasonal and depositional
environments. The current research draws on samples of Sus scrofa domesticus (fetal n=16 and juvenile n=13) deposited seasonally over the course of
two years in Raleigh, NC. Raleigh, NC, is in the Piedmont region, which is defined by the Képpen-Geiger climate classification system as a Cfa climate:
temperate, without a dry season, and with a hot summer.* Isotopic values were measured using an elemental analyzer isotope ratio mass spectrometer.
A one-way Analysis Of Variance (ANOVA) was performed to compare the effect of season and deposition on C:N, §'*C, and 8'>N. A paired sample t-
test was performed on all results to compare each pair of seasons (summer and winter, summer and fall, summer and spring, spring and winter, fall and
winter, spring and fall) and each pair of depositions (bag and control, blank and control, bag and blanket fetal remains, and buried and surface juvenile
remains).

The ANOVA and paired sample t-test results from this study indicate that conditions of burial associated with seasonality, such as moisture and
temperature, affect the stable isotope values obtained from bone. Season was a significant factor in the §'*C value in juvenile bone (p-value=0.011),
the C:N ratio between summer and winter (p-value=0.023), and in fetal bone between summer and fall (p-value=0.029), and fall and spring (p-
value=0.017).

Season was not a significant factor in the 8'°N value for fetal (p-value=0.557) and juvenile (p-value=0.228) bone, and deposition was not a significant
factor in C:N ratio (p-value=0.405) or the §'3C and 8'SN values for both fetal (p-value=0.727; p-value=0.386, respectively) and juvenile (p-value=0.753;
p-value=0.689, respectively) bone. Conditions of seasonality affect stable isotope analyses on bone collagen, and taphonomic alteration should be
considered when conducting these analyses. Further research is needed to consider if the variation observed in this study is applicable in other settings
and how to control for this variation.
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A26  Using Forensic Anthropological Landmarks to Optimize DNA Extractions From Post-Cranial Remains

Keith Biddle*, University of Wisconsin,-Parkside, Kenosha, WI

Learning Overview: After attending this presentation, attendees will understand how the various bone cell types (osteoblasts, osteoclasts, and
osteocytes) that contribute to the formation, maintenance, and changes that forensic anthropologists rely on relate directly to forensic DNA analyses.
Additionally, there will be discussion of the bone tissue types (cortical, trabecular, and lamellar) and how these also relate to mitochondrial, autosomal,
and Y-chromosomal DNA analyses. There will be a brief discussion of the specific sampling method, which was designed to limit the amount of
destruction to bone tissue while maintaining the integrity of DNA extraction, quantitation, and analysis.

Impact Statement: This presentation will impact the forensic science community by providing an effective method for human bone sampling that
reduces destruction to bone tissue, cost, and turn-around time associated with low DNA levels while increasing efficiency and accuracy. The method
is effective for mitochondrial DNA (mtDNA) analysis, Short Tandem Repeat (STR) profile construction, and Y-chromosomal analysis and is currently
being investigated for use in Single Nucleotide Polymorphism (SNP) panel construction for use in Forensic Genetic Genealogy (FGG).

It is well known in the fields surrounding forensic human identification that not all bones are ideal sources of postmortem DNA. To date, studies have
focused on the primacy of postmortem (taphonomic) factors such as soil pH or exposure to water or sunlight, in an attempt to explain differences in
DNA preservation. No current studies of human skeletal remains exist that incorporate deep understanding of the cellular components of bone as a
potential reason for differential DNA preservation between or within post-cranial elements.!-'? This research seeks to fill that void. By testing nearly
400 extraction sites representing all bone groups and three bone tissue types, this study seeks to find an explanation for differential DNA preservation
that spans all demographic and taphonomic factors and uses far less bone tissue than in previous studies. Here, we show that knowledge of the cellular
processes and populations specific to skeletal development and maintenance leads to far more targeted and accurate DNA extractions. By combining
this novel sampling strategy with well-established DNA analytical methods, we can avoid excessive destruction of human skeletal material, reduce
associated costs and turnaround time, and increase reliability of forensic DNA testing.'3-17

Unlike previous studies, this project began from a targeted cellular and microstructure-based approach. Combining knowledge of bone cell and tissue
types with traditional forensic anthropological methods of human identification, this project sought a new explanation for differential DNA preservation
in intra-and inter-elemental extraction sites. The project began with a very targeted and strategic approach to sampling, followed by traditional chemical
DNA extraction, amplification and quantitation of both autosomal DNA and mtDNA, and concluded with forensic STR profile construction.

This study provided a rare opportunity to investigate the role of the different osteological cell types: osteoblasts (including their differentiation into
bone lining cells), multinucleated osteoclasts in the process of bone matrix resorption at the time of death, and fully encapsulated osteocytes, as a
potential reason for differential DNA preservation and extraction quantity and quality in modern forensic cases.!*° From this launching point, detailed
analysis was performed of the variance in DNA preservation and accessibility across a single, recently deceased individual’s skeletal remains. This
analysis into the number of starting molecules for mitochondrial, autosomal, and Y- chromosomal DNA, as well as the ability to obtain a complete
Combined DNA Index System (CODIS) profile, allows us to understand how differential DNA presence, and therefore accessibility, can be predicted
and measured across the post-crania. Finally, the results clearly showed that this sampling method is more accurate, significantly less destructive, and
thus more cost and time efficient than methods used previously. The method can be used by forensic practitioners as well as biological anthropologists
involved with genetic and genomic research of ancient humans and hominins.

By starting from a cellular and biochemical launching point, this research attempts to bridge the knowledge gap between forensic anthropology, forensic
DNA analysis, and biomedical understanding of human skeletal biology and to make that knowledge accessible and applicable to those professionals
on the front lines of the real-world problem of identifying unknown human skeletal remains.
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A27  Validation and Quality Control of 3D Coordinate Data From Human Crania for Forensic Casework

Amanda R. Hale*, DPAA Laboratory/SNA International, Kaneohe, HI; Rebecca J. Taylor, Defense POW/MIA Accounting Agency, Kapolei, HI

Learning Overview: After attending this presentation, attendees will have a new approach to performance check digitizers according to laboratory
accreditation standards for the purpose of obtaining 3D coordinate data from human crania.

Impact Statement: This presentation will impact the forensic science community by demonstrating how to compute the measurement uncertainty and
repeatability for Interlandmark Distances (ILDs) obtained from 3D coordinate data in accordance with laboratory accreditation standards.

Direct digitization of anatomical landmarks more accurately captures geometrical information than traditional linear approaches. Other studies have
demonstrated high repeatability with relatively low intra- and inter-observer error in locating most anatomical landmarks on crania with direct
digitization as well as between other 3D modalities.!-3 Laboratory accreditation, however, requires annual performance checks for measurement devices,
including 3D coordinate machines.® Further, 3D coordinate data obtained for forensic casework are often transformed to ILDs to be used in discriminant
analysis function software to interpret population affinity. Therefore, the purpose of this study was to design a quality control, performance check
procedure that ensures ILDs extracted from 3D coordinate data are below the threshold of measurement uncertainty required by laboratory accreditation
standards.

Eleven traditional craniometric measurements and their corresponding 18 anatomical landmarks were collected from 25 complete crania at the Defense
POW/MIA Accounting Agency (DPAA).” To assess the full range of measurement uncertainty, Type I, II, and III landmarks were included.® Crania
were measured twice at one-week intervals and digitized with a Microscribe® G2X digitizer a total of six times between two sessions (three times per
session) at one-week intervals.” Landmarks were identified using small dot stickers when obtaining traditional measurements and were removed
between the two one-week intervals. Measurement uncertainty has two components: random and systematic. The systematic uncertainty of the digitizer
is reported by the manufacturer as 0.23mm and the measurement variance is 0.0529mm. The random measurement uncertainty was calculated as the
combined standard uncertainty, or the square root of the variance of all measurements, and then expanded to encompass a 95% confidence interval. If
the expanded uncertainty across the repeated measures was less than 2mm, it was within the acceptable margin of error for traditional craniometric
measurements. A mixed effects Analysis of Variance (ANOVA) model for repeated measures was employed to assess the repeatability of the
measurements between the two modalities. Finally, a repeated measures Multivariate Analysis of Variance (MANOVA) test was used to assess within-
group differences across all measurements collectively.

The expanded measurement uncertainty of all 11 ILDs was below 2mm, with a range of 1.18 (frontal chord) to 1.72mm (asterionic breadth), and within
a 95% confidence interval. Frontal chord distance also showed the most consistent values of uncertainty for each cranium digitized. In general, the
measurements showing the greatest variation in uncertainty were parietal chord, maximum cranial length, and asterionic breadth. None of the
craniometric measurements were significant for the univariate repeated measure random effects demonstrating good repeatability across 11
measurements collected. The MANOVA procedure also showed no significant differences between repeated measures across all craniometric ILDs
(p=0.3528). These results demonstrate: (1) good repeatability across the measurements collected, and (2) the digitizer used has relatively low
measurement uncertainty within acceptable standards. Finally, this procedure provides consistent measures that demonstrate its efficacy for collecting
3D coordinate data within performance check standards.
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A28 A Multivariate Analysis and Evaluation of Classification of Human Skeletal Vertebrae for an Applied
Context

Jolen Anya Minetz*, University of Illinois, Paxton, IL; Stephen Ousley (posthumously), Erie, PA

Learning Overview: This presentation explains a new osteometric method for classifying vertebrae and will demonstrate how multivariate analyses
and quantitative classification of individual vertebrae within a vertebral column can be applied in a Forensic anthropology context.

Impact Statement: This presentation will impact the forensic science community by demonstrating the utility of a multivariate analysis of vertebrae
in an applied context.

The purpose of this osteometric vertebral classification method is to assist with the sorting and analysis of fragmentary or commingled skeletal remains.
The human vertebral column is a morphologically complex group of elements. Current methods rely on morphological characteristics to classify
isolated vertebrae qualitatively. This research provides a bridge between morphological assumptions for vertebral designations and quantitative
classification. These osteometric methods and statistical analyses provide quantifiable information relating to the accuracy of classifying individual
vertebrae.

The sample used for this analysis consists of osteometric vertebral measurements from intact vertebral columns from 59 individuals. To assess the
overall potential for these vertebral measurements to classify vertebrae, regional grouping models based on vertebral column segments (cervical 3-7,
thoracic, and lumbar models) were developed and analyzed. The data was tested for multivariate normality and homogeneity of Variance-Covariance
Matrices (VCMs) to comply with the assumptions required by the statistical analyses used for classification. This analysis utilized Linear Discriminant
function Analysis (LDA) and K-Nearest Neighbors (KNN) classification methods. LDA requires homogenous VCMs, so when the VCMs were not
homogenous, KNN was used for classification. LDA classification analyses for two cervical models (C3-C7 and C3-C5) were conducted using all
available variables. The C3-C7 model has a prediction accuracy of 0.7366, and the C3-C5 model has a prediction accuracy of 0.7108. The full models
for the thoracic and lumbar vertebral segments could not use LDA for classification since the VCMs for these full models were not homogenous, so
KNN was used. The KNN algorithm is a supervised machine learning classification technique; the optimal number of k neighbors for each model was
determined by proportionally splitting the data into training (70%) and testing (30%) samples. The classification for the full thoracic model (T1-T12)
using the KNN algorithm (k=28) results in a prediction accuracy of 0.5103. The classification for the full lumbar model (L1-L5) using the KNN
algorithm (k=9) results in a prediction accuracy of 0.5672. The sensitivity and specificity of each vertebral group prediction within each model was
evaluated.

This method has been developed to assist with the sorting and analysis of commingled and fragmentary skeletal remains, which have a variable number
of potential measurements. The results in this abstract illustrate the potential applicability of these methods in a broad and passive way; however, in an
applied situation, the LDA and KNN methods should be used more dynamically (i.e., create the most appropriate models, using the most appropriate
methods, for each situation) in order to accommodate the process of eliminating groups of vertebrae to reduce the model to the most relevant groups
of vertebrae for the final analysis. For example, an unseriated mid-thoracic vertebra might start with a broad T1-12 model, but through an iterative
deductive process, it may end with a TS5-T7 model with probabilities associated with each potential vertebral group classification. This research
demonstrates that by using osteometric methods and statistical analyses, the accuracy of individual vertebra classification is quantifiable.

Vertebrae; Classification; Multivariate Osteometric Analysis
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A29 Investigating Applications of Forensic Fractography of Bone Over the Postmortem Interval

Carter A. Unger®, Texas Tech University, Lubbock, TX; Mariyam 1. Isa, Lubbock, TX

Learning Overview: After attending this presentation, attendees will be informed about fractographic features observed in bones exposed to outdoor
conditions in the semi-arid climate of West Texas.

Impact Statement: This presentation will impact the forensic science community by contributing regionally and seasonally relevant data on the utility
of forensic fractography of bone throughout the Postmortem Interval (PMI).

Fracture surfaces may provide important information about bone failure.! Fracture surfaces of brittle materials exhibit features relating to the origin,
speed, stability, and direction of the propagating crack.! Research shows fractographic surface features can reliably indicate crack initiation and
propagation in fresh bone, however there is limited data on their utility throughout the PML.!-3.

The objectives of this study were to: (1) investigate whether fractographic surface features are observed in bone throughout the PMI, (2) evaluate
whether their frequency varies with PMI length, and (3) investigate their utility for reconstructing crack propagation throughout the PMI.

Forty partially de-fleshed deer femora were acquired from a local wild game processor. Five bones were never exposed to outdoor conditions (trial 0).
The remaining 35 bones were placed within caging in a designated outdoor research area in Lubbock, TX, in January 2023. Five bones were removed
every 2 weeks for 14 weeks (trials 1-7). A drop tower apparatus was used to deliver blunt force impacts to the anterior midshafts of each femur.

After impact, bones were macerated and fragments >10mm were examined for fractographic features, including bone mirror, bone hackle, arrest ridges,
wake features, and cantilever curl. Fragments were examined using the unaided eye, a magnifying lens (3x magnification), and a stereomicroscope
(0.7x—4.5x magnification). Fractographic features were then used to determine crack propagation direction and nucleation.?

Environmental data was obtained from the West Texas Mesonet weather network. During experiments, the average daily minimum temperature was
2.22°C, maximum temperature was 19.44°C, minimum relative humidity was 21%, maximum relative humidity was 71%, precipitation was 0.032cm,
and solar radiation was 5.43kWh/m. Accumulated degree days following outdoor placement were as follows: trial 1 (537), trial 2 (1,164.5), trial 3
(1,892), trial 4 (2,618), trial 5 (3,379.5), trial 6 (4,243.5), and trial 7 (5,075).

The number of fragments produced per bone ranged from 0 to 31 (average = 9.3). Fractographic surface features were present in all trials. Cantilever
curl was most frequently observed (90% of experiments), followed by arrest ridges (62.5%), bone hackle (52.5%), wake features (40%), and bone
mirror (30%). In one bone (trial 0), no fractographic surface features could be identified. While most features were present in similar frequencies from
trial 0 to 7, bone mirror was identified less frequently in later trials.

Orientation of fractographic features aligned with biomechanical expectations for anterior loading of the femoral midshaft. When present, bone mirror
was always located posteriorly, consistent with crack initiation on the posterior tensile surface. Cantilever curl was located anteriorly 90% of the time,
consistent with termination on the anterior compression surface.

This study contributes data on fractographic features in bone exposed to outdoor conditions during the mild winter and spring months in West Texas.
The results show fractographic features are present and can be used to reconstruct crack propagation and nucleation throughout the recent PMI. The
similar frequencies of fractographic features across different PMIs suggest that their presence alone is not indicative of PMI. These results are consistent
with results obtained in human bones subjected to simulated warm weather conditions up to 40,600 accumulated degree hours.® The next phase of
research will repeat experiments during the hot summer to fall months to investigate potential seasonal effects on expression of fractographic features.
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A30  Measuring Volatile Organic Compounds (VOCs) From Decomposing Human Tissue

Sheana S. Ramcharan*, SUNY University at Buffalo, Williamsville, NY; Luis L. Cabo, Mercyhurst University, Erie, PA; Jack D. Williams, Department
of Chemistry and Biochemistry, Mercyhurst University, Erie, PA; Michael S. Foulk, Mercyhurst University, Erie, PA

Learning Overview: After attending this presentation, attendees will understand the different decomposition research conducted and its shortcomings
due to different taphonomic agents. This presentation highlights the need for a controlled environment to account for as many variables as possible and
proposes a new way of conducting this research in a controlled laboratory environment as opposed to an outdoor setting using whole bodies on body
farms. This presentation also discusses the relationship between microbes and their off gases (VOCs).

Impact Statement: This presentation will benefit the forensic science community by focusing on a new experimental design with a proof of concept
that can be replicated in a laboratory setting. Body farms are not in abundance and whole-body research has many limitations. This method can be used
to test and control all variables known to impact human decomposition and was still tested on humans instead of on animal proxies; this will allow for
more research to be conducted on human decomposition and will allow for better Postmortem Interval (PMI) estimation.

Accurate estimation of the PMI is a key element of forensic investigations, influencing aspects as diverse as victim identification, event reconstruction,
and alibi corroboration. Current forensic pathology methods, based on a variety of short-lived physiological and biochemical markers, are effective at
low PMI ranges of a few days. However, after the onset of more advanced decomposition stages, current PMI estimation methods must rely on the
degree of decomposition of soft tissues, or entomological data. Most PMI research focusing on soft tissue decomposition utilizes designs based on the
deposition of whole bodies at outdoor body farms, usually grouping decomposition into five broad macroscopic stages (fresh, bloat, active, advanced,
and skeletonized). However, these designs do not allow the control of many relevant taphonomic variables (e.g., experimentally fix their values), their
results are difficult to extrapolate to other geographic and environmental contexts, and make it difficult to reliably standardize the collection of some
decomposition outputs, such as VOCs, which are gas byproducts produced as microbes break down organic macromolecules during decomposition.

This study proposes a more accessible design for collecting and analyzing VOC:s, including at outdoor settings, utilizing isolated muscle tissue samples
to be later safely stored, maintained, and analyzed in a controlled, hypoxic laboratory environment. One-gram samples of human muscle tissue were
placed into 52 hermetic headspace vials filled with either sterilized or non-sterile natural soil, which were then maintained in an incubator at 25°C for
60 days. This design allowed us to sample and analyze the produced gases without opening the vials. Two sample vials from each treatment were
extracted every five days, and their VOCs analyzed through Solid-Phase Microextraction (SPME) Gas Chromatography/Mass Spectrometry (GC/MS)
to examine their evolution with time in each one of the soil treatments.

Preliminary findings indicate significant differences in VOC off-gassing between sterilized and non-sterile soil samples, serving to outline differences
in the relative contributions of the soil and tissue microbiomes to the decomposition process. VOC composition was also observed to change over time,
likely reflecting the evolution of the microbial community.

This tightly controlled experimental approach is a proof of concept and initial attempt to sample and characterize the VOCs emitted by decomposing
human tissue. The results of this line of research show great promise to contribute to PMI estimation and areas such as buried body detection, soil
chemistry, and the evolution of microbial communities during human decomposition.

Anthropology; Volatiles; Taphonomy
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A31  Tracing PMI Through Bone Metabolomics With GC/MS and LC/MS/MS

Elisa Roggia*, University of Central Lancashire, Piemonte, Italy; Luke William Gent, University of Central Lancashire, Preston, England; Andrea
Bonicelli, University of Central Lancashire, Preston, England; Noemi Procopio, University of Central Lancashire, Preston, England; Eugenio Alladio,
Department of Chemistry, University of Torino, Piemonte, Italy

Learning Overview: The goal of this presentation is to show how metabolomic approaches can be used for Postmortem Interval (PMI) estimation on
skeletonized tissues and will highlight the accuracy in the estimation that can be achieved by conducting such studies and how parameters such as
burial depth affect the estimations.

Impact Statement: This presentation will impact the forensic science community by offering a new approach for PMI estimation of skeletal remains
buried for up to six months. Attendees will learn about the effect that the burial environment plays on the metabolomic signature and about the accuracy
that this method offers.

The estimation of the PMI has a key role in forensic investigations.! The postmortem modifications affecting the human body are complex and known
to be affected by various intrinsic and extrinsic factors, making the PMI estimation challenging and debated. Recent studies have shown the potential
of metabolomics for estimating PMI starting from skeletal remains.>* This study aims to investigate the correlations between bone metabolites and
PMI in a six-month time window, as well as to investigate the influence of depth on the metabolomic signature.

The experiment was conducted at the Taphonomic Research in Anthropology: Centre for Experimental Studies (TRACES), the animal taphonomy
facility of the University of Central Lancashire, UnitedKingdom. Overall, 12 pig mandibles purchased from a local butcher were divided into four
quadrants. All the fragments obtained were considered to be biological replicates, as preliminary analyses on the fresh bones showed that their
metabolomic profile was comparable. A total of 48 bone replicates were buried at four different depths (0, 10, 30, and 50cm); for each depth, two
replicates were deposited approximately 70cm from each other. Every month (up to six), a couple of replicates for each depth were recovered and
frozen until further processing. Subsamples were obtained using a drill by cutting a wedge shape fragment, which was then powdered using SPEX®
Sample Prep 6775 Freezer Mill. Samples were then prepared for the metabolite extraction weighing 40+1mg of bone powder in 2ml Pre-Filled Bead
Mill Tubes. The extraction was performed by adding methanol/water solvent (8:2) to each tube, then homogenized and centrifuged. The extraction just
described was run two times and the extracted liquid was then transferred in two sets of Eppendorf® tubes (one set for Gas Chromatography/Mass
Spectrometry [GC/MS], one for Liquid Chromatography/Tandem Mass Spectrometry [LC/MS/MS] analysis). Samples were then dried using the
Sample Concentrator and stored at -20 degrees. For the reconstitution MOX and BSTFA solvents were used in equal volume; each addiction was
followed by a 15-minute run on the ThermoMixer® at 60 degrees/400rpm. Finally, all the samples were transferred into glass vials with an insert and
secured with their cap. For the analysis, samples were run in Agilent® 8879 GC (MSD 30m x 250pum x 0.25um column), with autosampler, combined
with 5977C GC-MSD, paired with Mass Hunter™ software. Untargeted metabolomics was then carried out also using a Thermo™ Orbitrap™ instrument.

Identified compounds with both GC/MS and LC/MS/MS revealed the lack of significant correlations between the metabolomic profile and the burial
depth, showing that depth does not have a relevant influence on PMI estimation when using bone metabolomics. Regarding the PMI estimation, Partial
Least Squares Regression (PLS-R) was performed on the data acquired with the GC/MS and showed a Mean Absolute Error (MAE) value of 0.47
months, highlighting the potential that this method may offer for PMI estimation of skeletal remains with relatively short PMIs. In addition to the
GC/MS data, LC/MS/MS results will be also presented to the attendees, and the difference between the two platforms and relative results will be
discussed at the conference. By comparing these two techniques, we expect to obtain wider metabolomic coverage.

Overall, it can be concluded that the bone metabolomics approach is a valid resource for relatively short PMI investigation from skeletal remains in a
cheap and reliable manner, and further studies may elucidate its applicability to real forensic scenarios.
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A32  Using Evidence of Microbial Modifications on Postmortem Bone Surfaces to Narrow Down Time Since
Death Estimations

Caroline Rowe*, University of Minnesota Twin Cities, Minneapolis, MN

Learning Overview: After attending this presentation, attendees will understand how to differentiate bacterial from fungal bone surface modifications
on the cortical surfaces and the internal microstructure of postmortem bone. Attendees will also learn how these modifications, in conjunction with
microbial sequencing patterns, may assist in narrowing down the Postmortem Interval (PMI).

Impact Statement: This presentation will impact the forensic science community by increasing the methods available that are useful for assisting
forensic investigators with the determination of the PMI.

Determining the PMI during a forensic investigation is critical for numerous reasons, including predictions regarding cause of death, validating alibis,
and the identification of victims.! However, resources for assisting investigators with this task are limited, thus the development of additional tools that
forensic investigators have for predicting PMI is critical. One such tool that has recently been exploited is the sequencing of microbial communities
during the stages of decomposition. Because human decomposition is sustained by shifts in ever-present microbial communities, the knowledge of
microbial succession can provide a reliable postmortem clock.? One class of microbes found consistently throughout the stages of decomposition are
those that are capable of lysing collagen, which may result in the bioerosion of bone.? These collagenolytic bacteria are thought to be released from the
enteric and thoracic cavities as decomposition progresses.* While previous research has isolated morphology unique to modifications created by
collagenolytic microbes, including fungi and bacteria, on the internal microstructure of postmortem bone, there is no existing research that documents
microbial modifications on the cortical surface of postmortem bone.’

This study will document the morphology of modifications made by collagenolytic microbes on the cortical surface of bone. This study will then use
those data, along with previous reported data identifying microbial bioerosion on the internal microstructure of bone, to determine the timing between
the first appearance of collagenolytic microbes on a carcass and evidence of bioerosion on the cortical surface and the internal microstructure of
postmortem bone.

This study first isolated, established, and confirmed morphology consistent with that of microbial modifications on the cortical surfaces of bone by
inoculating bones with either collagenolytic bacteria or allowing them to naturally accumulate fungus in a shallow burial environment. Bones were
examined for modifications periodically over four weeks. The second part of this study determines the stage of decomposition when collagenolytic
microbes first appear relative to the time it takes for these microbes to create modifications on both the cortical surface and within the microstructure
of the bone. Sixty rat carcasses were left to decompose in a shallow burial environment with long bone elements removed from two rats per day for 30
days and until skeletonization occurred. Bones were cleaned and examined for bone surface modifications using scanning electron microscopy. The
same bones were then prepared for examination under light microscopy for evidence of bioerosion within the microstructure of the bones. As long
bones were initially removed, the enteric and thoracic cavities of the rats were cultured on skim milk agar plates to identify the presence of collagenolytic
bacteria.

Preliminary results show that it is possible to differentiate between modifications created by bacteria and fungi on the cortical surface of postmortem
bone. Bacterial modifications presented as areas of staining around nutrient foramina as well as the formation of bone sequestra during the transition
to skeletonization. Fungal modifications presented as staining in the shape of hyphae, which intensified throughout decomposition. Tunneling of the
fungi into the bone, which has been previously documented on the internal microstructure of bone, did not appear within the first 30 days, but was
present on random bone samples that had been buried for three months.’

Results show that the timing between the appearance of collagenolytic microbes and the appearance of modifications on the internal microstructure
was approximately two days, versus four days on the cortical surface of the bone. These preliminary results suggest that the presence of microbial
modifications may be used, along with information regarding the timing of first appearance of collagenolytic microbes during decomposition, to assist
in narrowing the PMI of a corpse.
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A33  The Megyesi Total Body Score Method: Inter-Observer Agreement and Sources of Bias

Tempest D. Mellendorf*, University of Tennessee, Knoxville, Rapid City, SD; Madeline R. Leggiero, Mercyhurst University, Gouldsboro, PA; Luis L.
Cabo, Mercyhurst University, Erie, PA; Allyson M. Simon, The Ohio State University, Westlake, OH; Varun V. Tewari, Mercyhurst University, Seneca
Falls, NY

Learning Overview: After attending this presentation, attendees will learn how the accuracy of the Total Body Score (TBS) method by Megyesi et al.
and its recommended modifications by Moffatt et al. is affected by scoring using only photographs versus scoring using photographs with the addition
of case-related written documentation.!? Attendees will learn about inter-observer agreement and possible origins of scoring bias in this sample.

Impact Statement: After attending this presentation, attendees will be aware that the findings of this study strongly suggest that the flaws of
macroscopic Postmortem Interval (PMI) estimation methods cannot be explained by subjectivity factors, such as lack of clarity, or levels of detail in
the scoring methodology and documentation. The flaws of these methods are more likely caused by fundamental factors, such as the inability of the
TBS scale to represent decomposition progression in sufficient detail, or the inability to represent the relationships between TBS and Accumulated
Degree Days (ADD) through mathematical models.

The PMI is an important part of forensic investigations. The first PMI estimation method from macroscopic decomposition stages was proposed by
Megyesi et al.! This method is based on TBS and ADD. TBS is determined by combining the numerical scores assigned to decomposition stages of
three anatomical regions (Head/Neck, Trunk, Limbs) from photographs. The TBS is converted to ADD, which is then compared with weather-station
temperature data to obtain the PMI estimate, similar to the use of physiological times in forensic entomology. This study’s objective is to test the
accuracy of the Megyesi et al. method, and its recommended modifications by Moffatt et al., in an American Northeast sample, when TBS is estimated
from photographs alone or when they are supplemented with case-derived written documentation. '

The study sample consists of 44 forensic cases from the Mercyhurst University Department of Applied Forensic Sciences Database (MU-DAFS DB).
All selected cases were surface deposits of adult individuals, with appropriate photographs and preserved body regions. The first observer scored each
case back-to-back, once only from photographs, then with both photographs and case notes. A second observer scored a subsample of 25 cases to test
inter-observer agreement. All scores were then plugged into the respective equations provided by the Megyesi and Moffatt methods to obtain ADD and
PMI estimates. The different types of estimates from both methods and observers were compared through Wilcoxon tests. Spearman correlations and
percent agreement were utilized to quantify agreement between methods and between observers. The addition of notes did not result in any significant
differences either in the resulting ADD (Megyesi, p = 0.765; Moffatt, p >0.999) or PMI estimates (Megyesi, p=0.762; Moffatt, p >0.999) in any of the
methods. Indeed, the estimates obtained with and without the addition of extra documentation showed extremely strong correlations with one another
(Megyesi: ADD: r=0.98, PMI: 1=0.99; Moffatt: ADD: r=0.98, PMI: r=0.98). Moderate to high agreement rates were also found between observers,
with variations depending on the anatomical area. From only photographs, the anatomical section with the highest inter-observer agreement was the
Head/Neck region (80%), followed by Limbs (68%), and Trunk (64%). Although utilizing photographs and the addition of notes did not influence the
final ADD and PMI estimates, it appeared to decrease inter-observer agreement. When observers incorporated case documentation during scoring,
inter-observer agreement was 72% for Head/Neck, 64% for Limbs, and 56% for Trunk. Overall, supplementing the use of photographs with additional
information, in the shape of detailed case notes and documentation, did not improve the PMI estimates obtained from either of the methods. However,
the addition of the supplementary information appears to increase observer bias, decreasing inter-observer agreement. This strongly suggests that the
shortcomings of these methods are not explained by subjectivity factors, or deficits in the clarity or level of detail of their scoring methods and
documentation, but likely by more fundamental factors, such as the ability of the TBS scale to represent decomposition progression in sufficient detail
or of their mathematical models to represent the relationships between TBS and ADD.
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A34  Using Artificial Intelligence: Deep Learning for Human Decomposition Staging

Anna-Maria Nau*, University of Tennessee, Knoxville, Knoxville, TN; Phillip Ditto*, University of Tennessee, Lenoir City, TN; Dawnie W. Steadman,
Forensic Anthropology Center, University of Tennessee, Knoxville, TN, Audris Mockus, University of Tennessee, Knoxville, TN

Learning Overview: After attending this presentation, attendees will have a better understanding of how deep learning vision methods can be used to
automatically assign the stage of human decay from digital photos.

Impact Statement: This presentation will impact the forensic science community by demonstrating an approach that utilizes deep learning to automate
identification of the stage of human decomposition from a digital photograph.

Knowing the Stage Of Decomposition (SOD) based on morphological features can inform the potential Postmortem Interval (PMI) of the decedent and
aid in identification of the remains. Presently, establishing the SOD is commonly done manually by trained experts via an existing evaluative method,
such as Megyesi et al., which stages human decomposition by assigning a point value by body region and giving a total body score in an effort to
estimate objectively the SOD and PMI.1 This study aims to automate Megyesi et al.’s method for determining the SOD by building a deep learning
model from photos of approximately 800 human donors undergoing decomposition at the Anthropology Research Facility, located at the University of
Tennessee, Knoxville.

The described approach employed the Xception Convolutional Neural Network (CNN) model architecture trained on the human decomposition image
dataset.2 To align with Megyesi et al.’s staging method, which divides staging into three body segments (i.e., head, torso, and limbs), three Xception
models, trained on head images (head-CNN), torso images (torso-CNN), and limbs images (limbs-CNN) were developed and evaluated. Specifically,
each model classifies an image into one of the following four stages of decay used by Megyesi et al: (1) fresh or SOD1, (2) early decomposition or
SOD2, (3) advanced decomposition or SOD3, and (4) skeletonization or SOD4.

To evaluate the performance of each CNN model, the macro-averaged F1 score (maF1), which is an unweighted mean of the F1 scores calculated per
class (i.e., SOD) commonly used for multi-class classification problems, was calculated. The maF1 scores for each CNN model were as follows: 0.89
for head-CNN, 0.88 for torso-CNN, and 0.7 limbs-CNN. Similar SOD prediction performance was achieved by the head-CNN and torso-CNN as
indicated by their maF1 scores. However, the limbs-CNN maF1 score was notably lower than the maF1 scores of the head-CNN and torso-CNN, which
could be due to the decay variability present in limbs (e.g., part of a leg was fresh or SOD1, while the remaining part was showing advanced
decomposition or SOD3) as well as the photography itself. This variability can confuse the Artificial Intelligence (Al) and hence lower its classification
performance. Early results of the maF1 scores have indicated model ability to predict the SOD from images, but future work will build upon this
foundation to further improve model performances.

This proof-of-concept study suggests that contemporary Al methods may be successfully applied in forensic anthropology. Specifically, it may be
possible to automate the manually intensive task of determining the SOD and applying it to existing and ongoing investigations and examinations by
law enforcement and medical examiner offices. Additionally, it may also support research on PMI estimation and other downstream forensic tasks. The
current deep learning model would only apply for human remains in temperate conditions. Further work of training the model on other forensic
collections representing varied climatic conditions may be needed.
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A35  Testing Decomposition Scoring Methods at FOREST in Cullowhee, North Carolina

Leilah Melerine*, Western Carolina University, Cullowhee, NC; Rebecca L. George, Western Carolina University, Cullowhee, NC, Nicholas V.
Passalacqua, Western Carolina University, Sylva, NC

Learning Overview: After attending this presentation, attendees will have a better understanding of how published decomposition scoring methods to
estimate the postmortem interval do not sufficiently model the patterns of decompositional changes observed at a human decomposition facility in
Cullowhee, NC. Difficulties with two published methods versus the morphological changes observed will be discussed.

Impact Statement: This presentation will impact the forensic science community by adding to the ongoing discussion of regional differences
demonstrated at human decomposition facilities.

The purpose of this study was to examine the performance of two of the primary decomposition scoring methods, Megyesi et al. and Connor et al.,
using decomposition data generated from the human decomposition facility at Western Carolina University, the Forensic Osteology Research Station
(FOREST).!2 FOREST is on WCU’s campus in Cullowhee, NC. Cullowhee is within an area classified through Koppen-Geiger as a warm-temperate,
fully humid, warm summer (Cfb) region.’ The average temperature is 12.97°C (55.35°F), and the area receives approximately 130.23cm (51.27 inches)
of rain annually.* Donors often undergo periods of extensive moisture changes due to the rain and temperature shifts at FOREST, and scavenging often
leads to differential skeletonization between individuals and across single sets of remains.>S

For this project, 20 donors from the 2022 calendar year were chosen: winter donors were placed in February, spring donors were placed between April
and May, summer donors were placed between late June and August, and fall donors were placed between September and November. Donors that were
included had not been enrolled in any other skeletal modification studies nor had they arrived beyond the earliest stages of decomposition; autopsied
donors were included, though, as FOREST often receives individuals who were organ donors or autopsied. Donor remains were scored for both the
Megyesi et al. and Connor et al. methods from daily and weekly photographs taken for six months or until the donor was recovered from FOREST,
whichever happened first.!> Total Body Score (TBS) and Total Body Desiccation Score (TBDS) were calculated, respectively, for the given photograph
ranges, and Accumulated Degree Days (ADD) were also tallied per donor for the given range utilizing temperature data from the nearby NOAA station
at the Jackson County Airport, which is approximately 3.54km (2.2 miles) from FOREST. ADD estimates were calculated for the Megyesi et al.!
method to examine the accuracy and precision of actual ADD; as no equations are provided in Connor et al. ? to calculate the predicted ADD from this
method, qualitative data were utilized to examine the fit to the decompositional processes at FOREST.!-2

Results found that only 1 of the 20 scored donors had an actual ADD within the 95% confidence interval for predicted ADD from the Megyesi et al.
method, making it neither accurate nor precise for scoring decomposition at FOREST. The conciseness of this method was helpful for quickly scoring
donors, but the broadness of each category was insufficient to capture the variation in decomposition. In particular, the combination of scoring upper
and lower limbs together complicated scoring as donors at FOREST often retain mummified tissue on the lower limbs for several months beyond that
of the upper limbs, likely due to differential scavenging patterns. For the same reason that the Megyesi et al. method was not fitting the decompositional
pattern at FOREST, the Connor et al. method was more helpful.’> The division of scoring for upper and lower limbs, as well as the expanded categories,
provided more options. However, the dearth of variety in the color category and the lack of qualifiers for the moisture category often left questions
about how to score the unique colorations and tissue moisture observed at FOREST. For example, donors at FOREST often have orange patches on
their skin in the early stages of decomposition that are not captured in the provided color category. Additionally, portions of the donor’s faces, mainly
eyes and mid-face, are targeted by scavengers, while the rest of the face may still have fresh tissue. These complicating factors make neither of these
methods a good fit for regular use in the decompositional environment of the FOREST.
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A36 It’s a Dry Heat: Testing Existing Postmortem Interval (PMI) Equations in Clark County, Nevada

Dayanira Lopez*, University of Nevada Las Vegas, Las Vegas, NV, Claira Ralston, University of Nevada, Las Vegas, Henderson, NV; Jennifer F.
Byrnes, University of Nevada, Las Vegas, Las Vegas, NV

Learning Overview: After attending this presentation, attendees will have a better understanding of how existing equations used to estimate the PMI
for human remains perform in the hot desert environment of Clark County, NV. Specifically, the accuracy of three different methods used to estimate
PMI for decomposing human remains encountered in outdoor and aqueous environments are discussed, with recommendations for continued practice.

Impact Statement: This presentation will impact the forensic science community by demonstrating the need for environment- and region-specific
methods for estimating the PMI. These improvements will aid stakeholders of the medicolegal community in their investigations by providing more
accurate estimates of time since death, improving chances of positive identification, and promoting collaboration between practitioners seeking justice
for all decedents.

The state of Nevada is divided into two very different environments: in the north are “cool mountain forests” and in the south, where Clark County is
located, a “scorching lowland desert.”! With the possibility of reaching extreme temperatures well over 100°F, estimations of PMI for decedents found
in advanced stages of decomposition can be challenging for forensic anthropologists.! Furthermore, the commonly used equations for estimating PMI
in forensic anthropology were not designed to estimate decomposition rates in desert environments, like that of Clark County, posing additional
challenges.

Previous research has evaluated the Megyesi et al. equation, comparing its accuracy between three different decomposition facilities in Texas and
Tennessee.>3 Results of their comparative study found that the estimated and actual accumulated degree days did not correlate well, overestimating for
remains directly in the sun and underestimating those in the shade.> However, their study was conducted using the original equation, not the improved
equation proposed by Moffat et al.

This study, modeled after previous research, compares the accuracy of three PMI equations in the desert environment of Clark County, NV.3 With
permission from the Clark County Office of the Coroner/Medical Examiner, their existing database was used to identify cases for inclusion. For this
study, the following parameters were used: (1) positive identification of the decedent; (2) decedent/remains found outdoors; (3) listed date found; (4)
listed date last known alive or reported missing; and (5) photographs of all body regions to be scored (i.e., head and neck, truck, and limbs). Out of 688
cases reviewed, 52 met the parameters for inclusion. Photographs for each case were scored following the guidelines published by Megyesi et al. with
the improvements recommended by Moffatt et al.>* For skeletonized cases, Behrensmeyer was also used to estimate PMI (n = 6).3 Finally, cases found
submerged in Lake Mead (n = 3) were evaluated following Heaton et al.® Spearman’s Rank Correlation was calculated for the estimated PMI produced
using the MofTatt et al. equation and the actual PMI in days.* There was a positive correlation between the two groups, r(50) = 0.76, p<0.001. However,
due to the small sample size, as well as over half of the cases scoring in the “Early Decomposition” phase, a two-sample, two-tailed t-test was also
performed. There was a statistically significant difference between the two means (t[102]=2.52, p=0.01). All cases evaluated following Behrensmeyer
fell within the estimated PMI range, except for one that was underestimated.’ Finally, all aqueous cases evaluated following Heaton et al. grossly
underestimated the PML° These results suggest that the PMI estimates produced using Moffatt et al.’s equation may not be the most accurate for cases
in advanced stages of decomposition in southern Nevada. For cases where a PMI estimate by a forensic anthropologist in Clark County, NV, is requested,
results suggest that Behrensmeyer should be used for the most accurate results.’

These data evaluate existing methods of estimating PMI in forensic anthropology for quality assurance, highlighting areas for improvement within the
field. Though a preliminary study, demonstrating the underperformance of these methods for the hot and dry desert environment of Clark County
supports the development of region-specific equations, which will improve our accuracy in PMI estimations. By continuing to improve our methods,
we increase our chances of accurately estimating time since death, aiding investigators in the positive identification of decedents. Importantly, this
supports the ultimate goal of seeking justice for all.
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A37  Postmortem Interval in the Pacific Northwest—King County, Washington

Kiana C. Miller*, King County Medical Examiner’s Office, Seattle, WA; Andrew C. Seidel, King County Medical Examiner’s Office, Seattle, WA

Learning Overview: After attending this presentation, attendees will be familiar with the general timeline of the decomposition process in King County,
WA, and its applications for estimating the Postmortem Interval (PMI).

Impact Statement: This presentation will impact the forensic science community by addressing the scarcity of research concerning PMI estimation in
the Pacific Northwest. The anthropology department at the King County Medical Examiner’s Office (KCMEO) conducted a retrospective case review
to establish broad-scale timeframes for the decomposition process within its jurisdiction—a region extending from the Cascade Mountains to the Puget
Sound and including settings ranging from urban to rural.

This case review examined 102 cases involving anthropology consultations at KCMEO between 2001 to 2022. Only cases in which the decedent was
positively identified were included, and PMI was approximated by comparing the date of recovery to the date the individual was last known alive.
Cases that were thermally altered, unidentified, or exhumed were not reviewed. Of the 102 cases reviewed, three fell into the “fresh” category and were
excluded from further analysis. Investigation, autopsy, and anthropology reports as well as scene photographs were used to classify each case into
decomposition stages and calculate a Total Body Score (TBS).!? Additional information recorded includes the location (latitude and longitude), an
inventory of remains, the presence of clothing/covering, depositional environment (including indoor versus outdoor contexts), and observable
taphonomic changes. Box plots were used to explore the rate at which decomposition occurred across different settings.

Results of this research indicate that, relative to published data from other regions of the United States, decomposition rates in King County are
delayed.'* Observed rates of decomposition in King County are comparable to those reported from a study in British Columbia, however, likely
reflecting the influence of a shared moderate oceanic climate that is distinct from regions where the bulk of decomposition studies have occurred.’
Although the total ranges of PMI for each stage of decomposition overlap, their interquartile ranges exhibit greater separation. Within this dataset,
early-stage individuals (corresponding to TBS scores of 8—18) are typically seen from a few days to three weeks but may persist for upward of one
month. Of note, no early-stage individuals were recovered outside in the cases reviewed for this study. Individuals exhibiting advanced decomposition
(associated with a TBS of 18-26) had PMIs that generally fell between one and two months but could occur as early as two weeks or persist for more
than six months. Skeletonization (TBS of 24-35) can be seen as early as three weeks but is more common after a period of approximately three months.
Although possibly the result of sampling error, the available data indicate that advanced decomposition is attained more quickly in indoor settings, but
that skeletonization occurs more rapidly outside. Bleaching and exfoliation of the bone in the extreme stage (TBS >31) are only seen in cases recovered
from outdoor settings. Bleaching typically occurs after one year of exposure, while exfoliation and/or cortical cracking is not observed until
approximately 18-24 months.

It is a truism that decomposition rates exhibit regional variability, yet the majority of human decomposition facilities in the United States have been
established in areas with similar Kppen climate classifications.® This research not only provides baseline data for decomposition rates in the
climatically distinct Pacific Northwest, but also illustrates the utility of retrospective studies for the study of PMI in the absence of formal human
decomposition facilities.
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A38 A Drop in the Bucket: An Analysis of Southwest Florida Weather Station Variables to Inform Postmortem
Interval

Savanna Agilar*, Florida Gulf Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Micki Besse, Florida Gulf Coast
University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Heather A. Walsh-Haney, Florida Gulf Coast University Human Identity
and Trauma Analysis Laboratory, Fort Myers, FL

Learning Overview: After attending this presentation, attendees will have learned the importance of site-specific soil data collection and weather
station instrumentation placement in the estimation of anaerobic Postmortem Interval (PMI).

Impact Statement: This presentation will impact the forensic science community by identifying the need to obtain crime scene soil data due to the
variability of data extracted from open-source weather stations. These findings influence the calculation of the PMI estimated by forensic
anthropologists and entomologists.

Existing PMI estimation methods recommend the use of weather data obtained from National Weather Service (NWS) stations closest to the crime
scene.!3 However, recent research suggested that selecting NWS stations based on closest proximity may not provide climate data effective for accurate
PMI estimations.* Specifically, Dabbs found that NWS stations up to 9km away from the scene were more effective at establishing an accurate PMI
than those stations nearest in proximity by comparing the NWS temperature data to site ambient weather loggers (60cm above ground) that captured
the microclimatic differences.®?

The NWS’ instrumentation standards (e.g., temperature sensors should be 5 feet above ground and 100 feet from a paved or concrete surface) are more
defined than alternative weather stations. A relatively new weather station platform, WeatherSTEM™ (WS), provides both ambient weather and soil
data but its applicability in PMI estimation has not been tested. In this study, we investigated the utility of WS stations and the effect that station
installation variables have on PMI estimation. Further, we supplement existing NWS PMI studies by examining ambient humidity and temperature
relative to Site-Specific Soil (SSS) data (i.e., temperature and moisture) within Florida Gulf Coast University’s Buckingham Environmental Forensics

Facility (BEFF).

We compared data from the BEFF WS to the five closest stations that yielded ambient weather and soil data. Then, as an alternative to the microclimate
data loggers used in previous studies, we collected the SSS data using Vernier® LabQuest® 3 temperature and moisture probes during an exhumation
at BEFF and tested the efficacy of these data as applied to Vass’ anaerobic equation. The data revealed a difference between average BEEF WS and
SSS temperature and moisture, where SSS temperature was 3°C higher and soil moisture was 59.5% less saturated than BEFF WS. Among the other
WS stations, three of the five (60%) stations were situated within two yards of dense vegetation or fixed structures (e.g., a building). Two stations
(40%) were situated within irrigated orange groves or gardens. The altitude among stations varied significantly (p <0.05) with the lowest and highest
altitudes being 7 feet and 161 feet above sea level, respectively. One of the five (20%) WS stations had a soil sensor at the same depth (50cm) as the
BEFF and the burial we used to test Vass’ equation while the other WS units captured soil data at depths ranging from 30cm to 58cm (p <0.05). Despite
these variations in station factors, only the SSS data produced an accurate PMI range for the exhumed decedent. This study shed light on the utility of
the WS and emphasized the need for forensic practitioners to collect SSS data from the scene to accurately estimate PMI in subaerial contexts.
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A39  Under the Weather: A Report of Faunal Scavenger Activity During Major Weather Systems Within a
Taphonomic Facility in Southwest Florida

Micki Besse*, Florida Gulf Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Savanna Agilar, Florida Gulf Coast
University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Heather A. Walsh-Haney, Florida Gulf Coast University Human Identity
and Trauma Analysis Laboratory, Fort Myers, FL

Learning Overview: After attending this presentation, attendees will better understand the influence of major climatic events on faunal activity at an
outdoor taphonomic facility.

Impact Statement: This presentation will impact the forensic science community by introducing attendees to faunal presence and activity related to
major weather systems at a taphonomic facility in Southwest Florida. This research has potential implications on Postmortem Interval (PMI) estimation
as these faunae have been identified as scavengers at similar taphonomic facilities.

Faunal presence and activity at taphonomic facilities is well-documented with wild boar (Sus scrofa), bobcat (Lynx rufus), squirrel (Sciuridae), raccoon
(Procyon lotor), rat (Rattus), mouse (Mus), and dogs (Canidae) identified as common scavengers within these facilities.!* However, the presence of
these faunae at the Florida Gulf Coast University (FGCU) Buckingham Environmental Forensics Facility (BEFF) and faunal activity changes during
major climatic events within taphonomic facilities, in general, is less understood. Major climatic events, such as Hurricane Irma (Category 5) in 2017,
produced extreme atmospheric changes (e.g., barometric pressure, temperature, and relative humidity) that influenced faunal scavenger activity.? For
example, Hurricane Irma reduced deer (Odocoileus virginianus) populations and altered migration patterns, with deer leaving marshes and shrub
habitats in favor of pine forests in the aftermath of the storm.

In this study, we documented the impact of two hurricanes (Category 1 Hurricane Nicole = indirect hit; Category 5 Hurricane lan = direct hit) on the
presence and frequency of faunal scavengers within the BEFF. These data were collected via FGCU’s Human Identity and Trauma Analysis (HITA)
WeatherSTEM™ unit and 11 Xtellar trail cameras (with motion-triggered infrared sensors). We visually inspected the weather station video feed and
trail camera photographs that were time and date delineated, recorded the presence of the faunal scavengers within the facility, and controlled for
overlapping data (i.e., animal movement on multiple cameras). We used the six-month interval prior to the storms’ impact as our control.

Through our analysis of the weather station videos and trail camera photographs, we identified four common faunal scavengers: wild boar (Sus scrofa),
bobcat (Lynx rufus), squirrel (Sciuridae), and raccoon (Procyon lotor). Sus scrofa was the most abundant faunal scavenger recorded, with the greatest
abundance occurring during Hurricane Nicole and the least abundance recorded the week prior to Hurricane Ian. This activity was positively correlated
(0.217) with the timing of the storm systems (p <0.05). We observed no change in bobcat, squirrel, or raccoon abundance within BEFF in this study.
The temperature, barometric pressure, and relative humidity changed significantly (p <0.005) from the control. These findings can inform PMIs
estimated by forensic anthropologists, especially in Florida, as Sus scrofa abundance is estimated to be 500,000 to 1 million (in Florida) and is
considered the most widely distributed invasive ungulate across the United States.* As observed in this study, Sus scrofa was the most prolific faunal
scavenger observed at the BEFF.
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A40  Exploring the Scavenging Behavior of Bobcats, Lynx Rufus, in the Middle Tennessee Area and Its
Forensic Implications

Yangseung Jeong, University of Tennessee, Knoxville, Murfreesboro, Tennessee; Aaron Gatewood*, Middle Tennessee State University, Murfreesboro, TN

Learning Overview: After attending this presentation, attendees will have learned about the scavenging patterns of bobcats, Lynx rufus, and their
taphonomic effects on a carcass in the Middle Tennessee area. Additionally, there will be an overview of the decomposition research facility of the
Middle Tennessee State University (MTSU) Outdoor Forensic Facility (MOFF) provided to the attendees.

Impact Statement: This presentation will impact the forensic science community by highlighting the scavenging activities of bobcats, which have
generally been known as hunters. A deeper understanding of bobcats’ scavenging effects will allow forensic investigators to identify their activities and
will furthermore help reconstruct the context of crimes more accurately when bobcat-associated trauma is found on a victim.

Knowledge about local scavengers and their scavenging activities is required to determine if any trauma/damage observed on a victim was inflicted by
animals or humans.! Although bobcats are generally known as hunters, their scavenging activities have recently been reported.” Fain and Jeong also
confirm that bobcats are among the primary scavengers active in the Middle Tennessee area.’ The goal of this study is to examine the scavenging
patterns of bobcats and their taphonomic effects on carcasses.

Experiments took place at the MTSU Outdoor Forensic Facility (MOFF) in Murfreesboro, TN, an outdoor decomposition research facility administered
by the MTSU Forensic Science Program. Seven deer carcasses were placed into plots across 15 months (January 2022—April 2023). Each plot was
surrounded by 3-foot-high metal fences and monitored by two motion detection cameras. Bobcats’ activities were examined with the following factors
considered: the time of day/year, weather conditions, and type of activities.! The types of activities fell into five categories: Feeding, Covering/Scent
marking, Resting, Appearing with no activity, and Unknown. The peak hours of bobcat activity reported by Rippley and colleagues (04:00 a.m.—10:00
a.m. and 6:00 p.m.—12:00 a.m.) were tested.?

The results showed that bobcats are readily willing to scavenge in this area. There were 71 occurrences of bobcats recorded by the cameras, with 38
instances being of them feeding on the carcasses. There were 27 occurrences where bobcats appeared with no activity, and the other three categories
had fewer than five occurrences each. Two of the seven carcasses had no bobcat recordings at all, and one carcass received visits from a bobcat with
no feeding involved. Out of the remaining four carcasses, three were fed on by a bobcat within eight days of placement. The duration of bobcat
scavenging ranged from 4 days to 46 days. Limbs appeared to be the initial target of scavenging; however, no distinct preference between the forelimbs
and hindlimbs was noticed. Regarding weather conditions, bobcats did not seem to display a strong aversion to colder seasons/temperatures,
precipitation, or carrion insects. This study suggests revised peak hours of 5:00 p.m.—7:00 a.m. during which 64 out of the total 71 occurrences happened
(90.1%).

This is one of the few studies examining bobcat scavenging from a forensic perspective. The results will provide forensic investigators with practical
knowledge about bobcat scavenging activities in this area, helping them to: (1) distinguish bobcat-associated evidence from human-induced trauma,
(2) reconstruct the context of peri- and postmortem events more accurately, and ultimately (3) resolve forensic cases on a more informed basis.
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A41 A Longitudinal Observation of Pattern and Trajectory of Packrat Scavenging Among a Cohort of
Human Donors

Christiane I. Baigent®, Southern Illinois University Carbondale, Fairplay, CO

Learning Overview: After attending this presentation, attendees will understand the longitudinal pattern and trajectory of packrat scavenging among
a cohort of human donors.

Impact Statement: This presentation will impact the forensic science community by supplementing the case study-based body of knowledge with
controlled, longitudinal observation of the pattern and trajectory of packrat scavenging among a cohort of human donors.

The destructive nature of packrat (Neotoma cinerea) progenerated scavenging of human remains has received considerable attention in archaeological
literature, but specificity is less understood in forensic ecological context.!> Data pertaining to packrat scavenging in both contexts is limited to
retrospective point observation derived from midden dissection and forensic case study.'-> While specific reference can be found in forensic taphonomy
literature, data are more typically nested within a greater discussion of “rodent” behavior.®> While rodent scavenging of both soft and osseous tissue has
been described in the literature, absent are data derived from longitudinal observation of the pattern and trajectory of packrat scavenging within a cohort
of human donors*® A higher resolution model of packrat scavenging is reported, with an emphasis placed on synchronous longitudinal patterns of hard
and soft tissue removal, with the goal of describing the distinct trajectory of intragroup scavenging behavior.

The impact of packrat scavenging was investigated at Colorado Mesa University’s Forensic Investigation Research Station high-altitude satellite facility
(FIRS-TB40). FIRS-TB40 is in the Rocky Mountain Region of Colorado 9,500 feet (2,896m) Above Mean Sea Level (AMSL). The local environment
is characterized by steep slopes, alpine forests, open moraine grasslands, hypoxia, precipitate weather fluctuation, punctuated precipitation patterns, a
high Ultraviolet (UV) index, wildfires, and heavy annual snowfall with persistent overburden. Distinct environments foster distinct adaptive radiation,
manifest in competitive and cooperative models for resource procurement, and environmentally mediated behavioral patterns and motivating factors
in resource exploitation. Summarily these variables are expected to yield a polyvalent outcome on local scavenger behavior.

Packrat scavenging behavior was observed within a cohort of 12 human donors opportunistically placed between March 2020 and October 2021. Field
observation persisted through November 2022. Human donors were placed unclothed, supine, on a 45° slope in 10'x10' steel cages. Donors were
monitored by game cameras programmed to collect both time-lapse and motion-activated photographs. The presence of packrats was established
through game camera capture, midden construction, game trails, scat, and tracks.

Temporal specificity was not observed in packrat scavenging. While scavenging was observed throughout the year, voracity increased markedly in late
fall and persisted throughout overwintering. Scavenging began in early decomposition, temporally preceded avian scavenging, and presented on a
smaller anato-spatial scale. Scavenging accelerated as postmortem interval increased. Primary modes of packrat scavenging included: (1) opportunistic
exploitation of unique resources and lipid dense diet; (2) resource-centric shelter (i.e., intracorpus nesting); (3) superficial tissue removal and skeletal
gnawing; and (4) territorial resource defense. Superficial tissue removal was the predominant mode of scavenging and was characterized by: (1) layered
peeling of the epidermis from the dermis, followed by separation of the dermis from the hypodermis, where tissue removal terminated; (2) peeling of
tissue layers from superficial bone; (3) peeling of dense ceraceous layers of superficial tissue from the hands, feet, face, and abdomen; and (4)
consumption of deep tissue throughout intracorpus overwintering. Osseous involvement was limited to ridge gnawing and cortical destruction of the
manual and pedal phalanges. The introduction of incisal striae—an expected byproduct of packrat scavenging—was not observed within the sample.

Longitudinal observation serves to inform the pattern and trajectory of packrat scavenging inherently absent from archaeological and case study derived
data. This higher-resolution model serves to establish temporal markers associated with modes of tissue destruction and establish an environment
specific trajectory from which regional variation and continuity may be derived.
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A42  Multiple Scavenging Agents: The Effect of Termite and Canine Scavenging on Forensic Cases in
Northern Thailand

Sittiporn Ruengdit*, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand; Sangob Sanit, Department
of Parasitology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand; Kwankamol Limsopatham, Department of Parasitology, Faculty
of Medicine, Chiang Mai University, Chiang Mai, Thailand

Learning Overview: After attending this presentation, attendees will have a better understanding of how to differentiate between termite activity,
canine scavenging, bone weathering, perimortem trauma, and anatomical variants.

Impact Statement: This presentation will impact the forensic science community by providing examples of multiple taphonomic effects resulting from
living and non-living agents that could complicate the determination of animal scavenging, perimortem trauma, and anatomical variants. Better
understanding of these defects could enhance the efficacy of death investigation.

Forensic taphonomy is application of taphonomic analysis in forensic perspectives to estimate elapsed time since death, reconstruct the events
happening to the remains, and distinguish between defects caused from human behavior and biological, physical, chemical, or geological agents. The
latter aspect is one of the most important foci of forensic taphonomy in forensic anthropology circumstances. It could aid in differentiating between
perimortem trauma to the bones and breakage that occurred after death. Therefore, the purpose of this study was to thoroughly describe and interpret
the effect of termite and canine scavenging on human skeletons as the first report of multi-scavenging agents, especially termites, in the northern region
of Thailand in order to provide better understanding of bone defects affected by different taphonomic agents.

Remnants and traces of tunnels and nests created by termites was observed on the cranium, mandible, and part of the right scapula that were found in
the wooden area of Northern Thailand. Tunnel remnants were built on the surface and through cavities of the cranium. Skeletal macro- and microscopic
modifications were examined. Obliteration of bone and boreholes were found on the left parietal bone macroscopically and could possibly be
misunderstood as parietal foramina. The largest borehole was measured at 3.71mm in its maximum diameter, while the maximum diameter of the
smallest one was measured at 2.52mm. Examination utilizing stereomicroscope revealed osteophagic activity of termites, including edge gnawing, star-
shaped features, and clusters of subparallel striations on the surface of the cranium. In addition to termite activity, defects resulting from canine
scavenging on bones were also noted. Bone destruction on the tip of left and right mastoid processes demonstrated signs of canine chewing. Tooth pit,
which could be measured 6.42mm for its maximum diameter, was also observed on the lateral surface of the left mastoid process. Pupal cases of
Chrysomya nigripes were also found endocranially with the mass of a termite’s nest. It was evident that canine and Chrysomya nigripes scavenging
occurred before that of termites since the tunnels were obviously built on top of the damaged tip of the right mastoid process and the pupal cases were
found underneath the termite’s nest inside the cranium. Careful microscopic examination could aid in distinguishing between boreholes (termite
activity), tooth pit (canine scavenging), parietal foramen (anatomical variant), and penetrating wound (sharp force trauma). Bone weathering, such as
sun bleaching and cracking were also found.

This study provides examples of taphonomic effects resulting from the living, emphasizing termite and canine scavenging as first reported in Thailand,
and non-living agents that could aid in reconstructing events that happened to the skeletons. Additionally, these features could obscure or mimic
perimortem trauma characteristics; therefore, correct determination of these defects could maximize the efficiency of death investigations.
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A43  Soft Tissue Scavenging Patterns of Mice on Human Remains

Alexander J. Smith*, Forensic Investigation Research Station, Colorado Mesa University, Grand Junction, CO

Learning Overview: After attending this presentation, attendees will better understand the soft tissue scavenging patterns of mice on human remains.

Impact Statement: This presentation will impact the forensic science community by building on the existing knowledge of a common scavenger and
the potential impact of that scavenger on both human remains and a death scene overall.

While rodent scavenging on human remains has been documented repeatedly through recent forensic literature, most of this documentation covers
individual cases, not patterns observed in multiple cases. Within this, there is limited documentation of mouse scavenging, and again this comes in the
form of case studies.!”* From existing documentation, mice generally consume soft tissue rather than gnawing on bone. They generally prefer tissue
form the hands, feet, face, and areas where other defects are present.!”> Scavenging is initiated throughout the decomposition process from fresh to
skeletonized, though activity generally targets soft tissue with little to no impact to bone. Common features include scalloped edges and serrated tissue. !
3

Mice are frequently observed on motion-activated game cameras at the Forensic Investigation Research Station (FIRS) in Whitewater, CO. At the
facility, donated human remains are placed on the surface, exposed to the environment, and allowed to decompose naturally. The mice documented at
the facility are frequently observed on, in, and around human remains, both to scavenge soft tissue and nest within desiccated torsos. While most donors
frequented by mice showed no signs of scavenging activity, 11 individuals were confirmed to be scavenged by mice. Almost all game cameras deployed
within the facility in the past ten years have documented mouse activity, and most remains recovered from the facility for cleaning and curation have
evidence of mouse nesting within the torso.

Scavenging at the FIRS presented most often in the limbs and was confined to the soft tissue. While the initial scavenging of some donors began in
areas where the tissue was already opened (autopsy, insect activity, etc.), mice often opened new defects. Tissue consumption was layered, showing
some preference for the adipose tissue over muscle tissue. While some muscle tissue was consumed, generally the mice did not eat all the way to the
bone.

Mouse scavenging was most common in the spring (March—May), with more than 70% of confirmed cases at the FIRS beginning within this time
frame. Generally, scavenging began on the limbs, then moved proximally. This sometimes left a trail pattern of impacted tissue along the limbs and
torso. The defect margins showed fraying and scalloping. Scavenging was rarely deep enough to reach bone and no bone gnawing was observed. Mice
were predominately observed at night and spent more time around the remains than they spent scavenging. Generally, mice scavenged in groups of two
or more. Mice were also observed scavenging during the window of other active scavengers, though not simultaneously.

While some elements of the scavenging observed at the FIRS were consistent with documented mouse scavenging, there were some inconsistencies.
There were no defects observed on the face and while distal limbs were scavenged, hands and feet were not impacted, contrasting previous
documentation. Mice scavenged everything from fresh remains to mummified remains, which is consistent with documented cases. While there are a
couple existing examples of mice consuming large amounts of tissue, most cases elsewhere document far less tissue consumed than was observed in
most cases at the FIRS.! In the most extensive case at the FIRS, mice consumed tissue from nearly the full length of all four limbs.

Mouse activity can interfere with the state of human remains on a scene and even confuse cause of death in some cases. There is not a lot of information
available about mice as scavengers despite the prevalence of omnivorous mice in a variety of environments. Detailed documentation of their scavenging
patterns and behaviors can help increase understanding of these scavengers as it pertains to death investigations.
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A44  Corpse Concealment by Use of a Foundry Furnace: An Experimental Study on a Swine Carcass

Matteo D’ Angiolillo*, University of Genova, Genova, Liguria, Italy; Ilaria Grasso, University of Genova, Genova, Liguria, Italy; Francesco Ventura,
MD, PhD, University of Genova, Department of Legal and Forensic Medicine, Genova, Liguria, Italy; Alessandro Bonsignore, University of Genova,
Genova, Liguria, Italy; Camilla Tettamanti, University of Genova, Genova, Liguria, Italy; Francesca Frigiolini, University of Genova, Genova,
Liguria, Italy

Learning Overview: In cases of homicide, the absence of the victim’s body can present a formidable obstacle for forensic pathologists, particularly
when tasked with determining the potential use of non-traditional methods, like melting the body. This presentation will illustrate how a judicial
experiment can help substantiate an investigative theory in a homicide trial when scientific literature lacks conclusive data. This way, even when it
appears unlikely to secure definitive evidence, a judicial experiment can help bring justice to missing bodies.

Impact Statement: This presentation will have a significant impact on the forensic science community by demonstrating the effects of melting metal
on a carcass until its complete destruction. This presentation will cover various aspects, including the duration of the process, characteristics of the
remains, odor perception, and smoke production, all within the context of a single case study. Furthermore, this presentation can serve as a resource for
the forensic community, contributing to the advancement of knowledge in this field based on the data presented.

The authors conducted a study to assess the feasibility of concealing a corpse in a brass furnace during a homicide trial and to investigate the effects of
melted metal on a deceased body. Due to the lack of existing literature on this topic, an experimental study was performed using a swine carcass in the
presence of the court. A preliminary study indicated that, with certain precautions, there was no risk of an explosion.

The experiment was conducted at a scale of 1:6 using a roughly oval melting furnace measuring 84x42cm in dimensions and 35cm in depth, containing
400kg of brass, and maintaining a stable temperature between 960-990°C. Above the furnace, a movable aspiration hood connected to a collection tank
was installed. A young female specimen of Sus scrofa domesticus weighing 13.2kg, which had died of suspected bacterial septicemia, was selected. To
simulate human clothing, the sample was wrapped in towels.

No explosions occurred during the entire experiment. Upon placing the carcass inside the furnace, intense flames were generated from the body and
towels; however, they gradually diminished after five minutes. Throughout the experiment, the entire carcass floated on the surface of the molten metal.
Initially, almost transparent smoke emanated from the furnace, which progressively darkened over time, although it never reached an intense level
within the building. After ten minutes, a distinct burnt keratin smell was detectable, but it dissipated after a few minutes. The side of the carcass not in
direct contact with the brass gradually burned and carbonized, resulting in a reduction in volume and a diffuse muscle contraction affecting its position.
Conversely, the side of the body in direct contact with the brass did not generate flames and merely underwent gradual consumption. The complete
combustion and consumption process took approximately 2.5 hours. To determine the maximum time of combustion without external handling, the
carcass remained untouched. At the conclusion of the experiment, the combustion remnants were separated from the brass. After an hour, they had
cooled down sufficiently to be handled and weighed 4.6kg, consisting of ashes, dust, and larger debris. Some fragments of the bone structure could still
be recognized within the debris, but they could be easily destroyed by applying light finger pressure. Samples of dust and debris were collected;
however, considering the high temperatures involved, the authors did not seek DNA traces on them based on forensic literature. 1

The experiment demonstrated the possibility of concealing a corpse in a foundry furnace and provided insights into the effects of direct contact between
melted brass and an organic body, comparable to a human organism. The process involved a combination of combustion effects similar to carbonization
(for the side of the body not in direct contact with the melted brass) and accelerated combustion (for the side in direct contact).2 The consumption of
the body occurred more rapidly in the areas in contact with the melted metal. Therefore, it is hypothesized that the more the body is moved within the
furnace, the faster carbonization and body destruction occur. This hypothesis was later confirmed: the remains were mixed four times, and after each
mixture, they became progressively less recognizable. Studies on cremation suggest that the total weight of remains should have been approximately
0.5kg.3 However, the measured total of 4.6kg of remains was not surprising as it consisted of a mixture of heavy melting brass debris and swine ashes.
Further studies could enhance the understanding of the effects of melted metal on human bodies and provide more in-depth insights into them.
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A45  Determining Forensic Significance: Pilot Observations of the Taphonomic Patterning of Greek-Orthodox
Cemetery Inhumations in Cyprus

Samantha Cohen*, University of Glyndwr-Wrexham, Wales, United Kingdom; Xenia Paula Kyriakou, University of West London, London, United
Kingdom

Learning Overview: This presentation will review the taphonomic changes observed in skeletal remains buried in a Greek-Orthodox cemetery, reflect
upon the funerary rites practiced within this religious framework, and discuss how these contribute to the postmortem modification of the human body
after burial in a way that informs the forensic significance of unknown remains found in Cyprus.

Impact Statement: This presentation will impact the forensic scientific community by providing information on the taphonomic state of human remains
found within the specific burial environment of Greek-Orthodox funerary practice. Attendees will learn about those traits that can help distinguish
between remains buried in cemeteries and those found in clandestine graves, thus providing a framework for determining forensic significance.

Research on burial taphonomy allows for the differentiation between cemetery remains and remains from clandestine graves. The ability to make this
distinction is very important in determining the forensic significance of unknown and uncontextualized human remains, a task that is one of the most
challenging in forensic anthropology. The current literature is, however, limited in terms of geographical variations that may also reflect socio-cultural
and religious differences in the treatment of the dead. Existing literature on this topic has been primarily based on material from North America.1 This
significantly limits the direct application of these methods elsewhere, outside of North America, where the dead are treated under a different suite of
funerary rites and burial practices. The current Greek-Orthodox mortuary framework observed on the island of Cyprus today has been consistent for
more than 100 years.

Following the method by Pokines, the taphonomic state of 62 adult (skeletonized only) cemetery inhumations was evaluated to determine the type and
distribution of skeletal modifications related to Greek-Orthodox funerary rites and burial practices.2 The results varied and the prevalence of some
traits were both similar and differed from those observed by Pokines.2 For example, whereas evidence of embalming is typical in remains from
cemeteries in North America, only one (1.6%) individual exhibited this trait in the Greek-Orthodox sample. On the other hand, like North American
samples, the Greek-Orthodox sample also exhibited a high prevalence of adhering sediment (n=60; 97%), followed by brain preservation (n=53; 85.5%)
and coffin wear at pressure points (n=52; 83.9%). Similarly, staining from water minerals was absent in the Greek-Orthodox sample; however, evidence
of wine staining was found in 85.5% (n=53) of the inhumations instead. Additionally, the presence of adhering roots (n=42; 67.7%) and hair (n=30;
48.4%) was also noted.

The results suggest that cultural variation in mortuary behavior may be a determining factor in accurately distinguishing between cemetery-buried and
clandestine grave remains. However, more research is still required in order to map out these variations across time and space on a global scale. In
conclusion, research conducted in cemetery environments of different socio-cultural and religious settings has the potential of further informing forensic
significance and allowing for the identification of unknown remains found not only in clandestine graves but also in those remains that may have been
displaced from their original burial place following a natural catastrophe. The global prospects of this research are high, and thus more research outside
of North America is highly recommended.
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A46  The Resilience of Cut Mark Characteristics: An Experimental Study on the Effect of Corrosive Chemicals

Maisy Jordan®, Liverpool John Moores University, Liverpool, England; Matteo Borrini*, Liverpool John Moores University, Liverpool, England

Learning Overview: After attending this presentation, attendees will understand the impact of corrosive chemicals on bones and how they can
negatively impact the analyses of cut marks.

Impact Statement: This presentation will impact the forensic science community by illustrating how some traits used for cut marks examinations to
differentiate serrated and non-serrated knives could be altered by corrosive chemicals, affecting the reliability of the analysis.

In the United Kingdom, the prevalence of knife crime is at an all-time high, with sharp instruments being the most frequent cause of homicidal death
in England and Wales as of March 2022.1 Knife marks classification systems have become more standardized in recent years; however, analyzing how
the selected traits are resilient to different taphonomic factors is important to develop reliable methodologies.

As the United Kingdom is also the country with the highest reported number of acid attacks per capita, more research regarding the effect of chemical
exposure on trauma lesions is particularly relevant.2 Several studies regarding the morphological effect of acid/alkali substances on hard tissues have
been conducted, although the aim was predominantly on restorative dentistry or medicine. In addition, most knowledge regarding chemicals for body
disposal is based on case reports; therefore, there remains a lack of forensic experimental research on how chemicals can affect the reliability of trauma
analysis.

The authors present a study whereby cut-mark characteristics were exposed to several chemical substances to determine whether there were significant
alterations and if these could affect the classification of the implements used (serrated/non-serrated knives).3 The traits examined were: (1) shape of
the cut mark; (2) shape of the cross profile; (3) rising profile; (4) feathering; (5) bone shards; and (6) mounding.

One single-edged, micro-serrated knife was used to create 180 cut marks on 18 defleshed porcine ribs (Sus scrofa domesticus). According to previous
analysis, the implement was selected as the most recognizable due to the distinctive traits left behind.3 The samples were divided equally across six
experimental conditions, including five laboratory-grade chemicals: hydrochloric acid, sulfuric acid (96-98% and 32%), sodium hydroxide, sodium
hypochlorite, and a tap water control. A stereomicroscope with a total magnification range of 4.73—7.5x was used to observe the cut marks and categorize
their traits prior to and post-chemical exposure. The samples were submerged and controlled at intervals: 4, 8, 12, 24, 48, and 72 hours. Macroscopic
observation of bone morphology was also recorded at each observational stage.

The study demonstrated that hydrochloric acid caused the most morphological destruction to the samples, destroying any evidence of cut marks and
their associated characteristics at 48 hours. The second most destructive chemical was 32% sulfuric acid, followed by 96-98% sulfuric acid and sodium
hydroxide. Sodium hypochlorite and tap water had minimal effect on the bone and the visibility of cut marks. Evidence of sharp force lesions remained
detectable for up to 72 hours in all conditions except hydrochloric acid.

The most variation was seen to elliptical-shaped cut marks (SD= 10.799) and V-shaped cross profiles (SD=7.480) in 96-98% sulfuric acid. However,
no statistically significant association could be made between the cut marks’ shape and cross profile shape at the end of the study (p >0.05), meaning
that it was impossible to recognize that cuts were created by a serrated knife.

To improve the real-life application of the study, the authors suggest future research on non-defleshed ribs to evaluate the impact of muscle and fat on
cut mark preservation. Testing a more extensive range of knives is also recommended to improve the reliability of the results.
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A47  The Resilience of Cut Mark Characteristics: An Experimental Study on the Effect of Fire Exposure

Katie Griffiths, Liverpool John Moores University, Liverpool, England; Matteo Borrini*, Liverpool John Moores University, Liverpool, England

Learning Overview: After attending this presentation, attendees will understand the impact of fire on bones and how it can negatively impact the
analyses of cut marks.

Impact Statement: This presentation will impact the forensic science community by illustrating how some traits used for cut mark examinations to
differentiate serrated and non-serrated knives could be altered by burning and cremation, affecting the reliability of the analysis.

In murder investigations, the analysis of cut marks left on human bones can play a crucial role in forensic investigation. The examination can be
particularly challenging when the remains have been altered by taphonomic factors, especially in arson cases or when the bones have been cremated.!

This study aimed to identify the resilience of cut mark characteristics after exposure to direct fire for different time intervals. The effects of temperature
on soft tissue and bone have been forensically evaluated, considering that cremation and fire are noted to be one of the oldest disposal methods for
human remains in both cultural and criminal.

Fifteen defleshed porcine ribs (Sus scrofa domesticus) have been used in place of human bones, and ten cut marks per bone were created using a
standard serrated kitchen knife in one back and forward motion, mimicking a stabbing action. One single-edged, micro-serrated knife was used to
create the cuts on the ribs; the implement was selected as the most distinguishable due to the typical traits left behind. The marks were then examined
under a low-powered stereomicroscope using a total magnification of 4.73—7.5x, and the traits were recorded. For the present study, the authors used
six characteristics previously identified as indicative of the correct classification between serrated and non-serrated knives.? The traits examined were:
(1) shape of the cut mark; (2) shape of the cross profile; (3) rising profile; (4) feathering; (5) bone shards; and (6) mounding.

After the initial observations, groups of three ribs were burned on an outdoor pyre for different times: 5, 10, 20, and 40 minutes. In addition, a group
had been burned for 20 minutes, then rapidly cooled in water, recreating a scenario where firefighters extinguish flames. After the exposure to the fire,
the bones were again examined with the stereomicroscope, and the traits were recorded to be compared with the original observations.

Results showed that the resilience of the traits did not notably change with the duration of the exposure to the flame. Four out of six traits exhibited a
definitive survival rate: the overall shape demonstrated a 100% survival rate with all samples remaining unchanged, whereas feathering, rising, and
mounding demonstrated 0% resilience after exposure to the fire. The traits that do not follow this trend are shards and cross-profile shape. Shards’
survival varied from 0% to 33.33%, and unlike what would be expected, the resilience did not decrease with the duration of the burning process,
suggesting that the way the flames reached the bones may have played a significant role in the experiment. Another recorded anomaly is the cross-
profile shape: following the classification used, the cross-profile shape was initially identified as Y or V; however, after the burning, a new category (U
shape) was identified.! As the introduction of this category may have impacted the results in identifying the resilience of the original cross-profile
shapes, the authors recommend further investigation in order to evaluate this new type and its significance.

In conclusion, the authors demonstrate that even if using a standard methodology for classifying cut marks on human remains is important, it is vital
to understand how often they survive a fire exposure and if they can be correctly recognized after thermal alterations.
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A48  In Full or in Part: The Effect of Incomplete Remains on Trauma Analysis

Hailey Scacciaferro®, Florida Gulf Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Savanna Agilar, Florida Gulf
Coast University Human Identity and Trauma Analysis Laboratory, Fort Myers, FL; Heather A. Walsh-Haney, Florida Gulf Coast University Human
Identity and Trauma Analysis Laboratory, Fort Myers, FL; Micki Besse, Florida Gulf Coast University Human Identity and Trauma Analysis
Laboratory, Fort Myers, FL

Learning Overview: After attending this presentation, attendees will better understand how completeness of skeletal remains can affect forensic
anthropological trauma analysis.

Impact Statement: This research impacts the forensic science community by presenting the relationship between skeletal completeness and forensic
anthropological trauma findings.

Forensic anthropologists may conduct trauma analyses on human remains months to decades after the original autopsy. Their skeletal analysis of trauma
may be further constrained by: (1) the incompleteness of the skeletal remains related to cases that are unsolved, unidentified, and/or a victim of domestic
violence; or (2) the medical examiner/coroner requested the analysis of specific skeletal elements to the exclusion of the rest of the skeleton. While the
utility of forensic anthropological trauma analysis is well documented, there is a gap in the research concerning whether the quantity of skeletal elements
(completeness) impacts identification of trauma type (blunt, sharp, ballistic, or strangulation) relative to the state of decomposition.!-

We evaluated closed, adjudicated forensic anthropology trauma analysis reports (n = 97) in Florida from 2018-2020. Of the cases from 2018 (n = 30),
2019 (n=28), and 2020 (n = 39), 26 females and 71 males were represented in a unimodal age distribution where the sample mean age range was 41—
50-years-old. On average, these remains were in a fresh state of decomposition (45%), followed by active decomposition (29%), and skeletonization
(26%), though a majority of these decedents were complete with greater than 90% of elements present for analysis.

Overall, an average of 86 elements (42%) were evaluated by the forensic anthropologist. Interestingly, trauma was identified more commonly in cases
with fewer elements present (r = -0.326, p <0.01) for males, with age not significantly correlated for males (p = 0.088) or females (p = 0.202). These
data revealed that males received a more detailed analysis because their skeletons were more complete (47%) than females (26%) within the sample.
Yet, the frequency of trauma type was the same for both sexes, with the absence of trauma being most often observed followed in descending order by
blunt, sharp, and ballistic trauma (p <0.001). Of those individuals without trauma (n = 13 females, n = 47 males), an average of 108 bones (or 52%)
were evaluated. In contrast, when trauma was identified, the forensic anthropologist was asked to evaluate only 24% of the skeletal remains. Importantly,
42% of female cases and 24% of male cases involved a focused analysis of the neck organ block (i.e., hyoid, thyroid, cricoid cartilage, tracheal rings).
This study revealed that the forensic anthropologist’s detection of trauma was not impacted by the state of decomposition, trauma type, or quantity of
elements evaluated.
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A49 A Case Presentation of Fractures to the Wrists and Hands in a Suicide and Homicide

Tuesday M. Frasier*, Florida Institute of Forensic Anthropology and Applied Science, Tampa, FL,; Erin H. Kimmerle, Florida Institute for Forensic
Anthropology & Applied Science, Tampa, FL

Learning Overview: This presentation will compare two case studies of wrist injuries to demonstrate the importance of careful consideration of trauma
when it comes to the interpretation of fracture patterns. It further demonstrates fractures from gun recoil, beyond the site of impact. Following this
presentation, attendees will be able to identify the overall similarity in fractures between the cases and the need for further investigation into patterns
in wrist injuries.

Impact Statement: This case comparison emphasizes the similarities in injury between those sustained during a homicide and those from a suicide.
This presentation will impact the forensic science community by highlighting the need for thorough trauma analysis to identify other injuries that better
represent the cause and manner of death.

Equivocal death investigations are challenging and often remain unresolved. In cases involving fractures of the forearms, wrists, and hands, the etiology
may not always be clear. In states like Florida that have the death penalty option, the number of injuries is often critical evidence for demonstrating an
aggravating factor. Under Florida law, the jury must find at least one aggravating factor, such as the crime being “especially heinous, atrocious, or
cruel” to consider the death penalty.

While published literature supports finding injuries to the wrists and hands from gun recoil and from professional fighting in a sports setting, not much
exists regarding these injuries in a forensic context.!** The purpose of this study is to explore two case studies with similar patterns of injury resulting
from homicide and suicide.

The cases come from the University of South Florida (USF) Donated Skeletal Collection, a well-documented collection with extensive data regarding
donor life history, autopsy reports, and the official cause and manner of death. Both donors selected for study exhibit fractures to the wrists and hands,
which highlights the similarity between fractures caused due to the recoil of a gun and those sustained through brawling.

In the first case study, the donor’s manner of death was homicide, and the cause of death was multiple gunshot wounds to the chest. In addition to
ballistic trauma, he exhibited several fractures consistent with a physical assault that occurred just prior to being shot. This decedent presented fractures
to the cranial vault, craniofacial region, and the right fourth metacarpal. The second case study was that of a donor whose manner of death was suicide,
and the cause of death was a gunshot wound to the right side of the head. In addition to extensive fracturing of the cranium from the ballistic trauma,
he exhibited fractures to the right second metacarpal and the right radius. Donor records indicate that the individual was right-handed, which is
consistent with both the position of the entrance wound, as well as the fracturing to the hand and wrist following the gunshot. The perimortem wrist
injuries were the result of gun recoil. The second metacarpal would have been used to pull the trigger, which could explain why it fractured instead of
the other surrounding metacarpals.

The similarities in injury between the two cases show that these injuries could possibly confuse the manner of death. In cases of gunfire injuries to the
head, most postmortem autopsies do not X-ray the hands and arms. While an external exam of the tissues should note injury to this region,
documentation in this area is frequently lacking, especially in decomposing cases. The wrist injuries in the case of the suicide could easily be
misinterpreted as injuries sustained while trying to fight off an attacker. Other evidence of skeletal trauma is necessary to determine manner of death,
which highlights the need for thorough recovery at scenes involving advanced decomposition or skeletal remains and the utility of direct skeletal
observations in all cases.
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AS0 Tibia Size and the Contribution to Variance in Fracture Outcomes

Angela L. Harden*, Injury Biomechanics Research Center, The Ohio State University, Grove City, OH; Kyra Stull, University of Nevada, Reno, Reno,
NV; Amanda M. Agnew, The Ohio State University, Columbus, OH; Yun-Seok Kang, The Ohio State University, Columbus, OH

Learning Overview: After attending this presentation, attendees will understand the relationship between global tibia size and fracture characteristics
through an examination of fracture outcomes in human tibiae experimentally loaded in the same blunt force bending mechanism.

Impact Statement: This presentation will impact the forensic science community by providing data and analyses that explore why fracture outcomes
vary in the same skeletal element impacted under matching loading conditions and whether tibia morphology explains the variance in fracture
characteristics.

Understanding individual-specific variables that contribute to variation in fracture outcomes is critical to forensic skeletal trauma analysis. Fracture
characteristics (e.g., number and type of fractures) have been shown to demonstrate variation under the same loading conditions.! Identifying which
variables contribute to and explain the variance in fracture characteristics is critical to support analyses of skeletal trauma and prevent potentially
inaccurate interpretations. Previous research has demonstrated that in human tibiae, age had a significant, but weak, relationship with both number and
type of fractures, while sex had no relationship with either when considered independent of age.? However, the role of bone-specific variables and their
contribution to fracture characteristics has yet to be explored. Therefore, the objective of this research is to examine relationships between global bone
morphology and fracture characteristics in human tibiae.

Sixty human tibiae (females, n=31 [29-102 years old, M=68]; males, n=29 [24-96 years old, M=59]) were experimentally loaded at 6m/s in a lateral-
medial direction in a 4-point bending scenario. Prior to testing, the following measurements were obtained for each tibia: Length (excluding medial
malleolus), Maximum Proximal Epiphyseal Breadth, Distal Epiphyseal Breadth, and Maximum and Minimum Diameters at the nutrient foramen. After
testing, each tibia underwent fracture analysis, consisting of identification of fracture type, group, and qualifiers, and number of fracture types per tibia,
following the methods outlined in the AO/OTA Fracture and Dislocation Classification Compendium.® The number of fractures reflects the count of
identified fracture types and not each individual fracture. For example, a single transverse fracture and an intact wedge fracture would both be
documented as one fracture. Additionally, while longitudinal fractures are not currently represented in the AO/OTA classification system, they were
documented as their own fracture type and included in the number of fractures per tibia when present.> The analyses included Random Forest (RF)
models to explore the relationship between tibia size variables and their ability to predict type, group, or location of fracture. A Principal Component
Analysis (PCA) was implemented to discover if the multivariate relationship of the quantitative tibia variables can be linked to any of the fracture
morphology variables. Lastly, a Multiple Correspondence Analysis (MCA) was conducted to explore the relationships between the fracture type, group,
location, and categorical demographic variables.

The RF models revealed no predictive power in the tibia size variables to predict the type or group of fracture. Even with demographic variables
included, the predictive power did not meaningfully increase. The PCA results show complete overlap for the type, group, and location of fractures. In
contrast, the MCA analyses revealed clusters when categorical demographic variables were used; longitudinal fractures grouped together,
multifragmentary fractures grouped together, and simple and wedge fractures grouped together. However, there were no obvious patterns within Body
Mass Index (BMI), sex, and age categories. In consideration of these and previous findings, future work will incorporate tibia cross-sectional variables
and evaluate their predictability of fracture outcomes in both univariate and multivariate analyses.
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A51  An Analysis of Lower Extremity Fracture Patterning in Fatal Motor Vehicle Collisions

Lillian S. Antonelli*, California State University, Chico, Chico, CA; Jered B. Cornelison, Western Michigan University Homer Stryker M.D. School of
Medicine, Kalamazoo, MI; Christine M. Pink, Western Michigan University Homer Stryker M.D. School of Medicine, Kalamazoo, MI

Learning Overview: After attending this presentation, attendees will recognize fracture patterning of the lower extremities in fatal Motor Vehicle
Collisions (MVCs), as well as the role that select intrinsic and extrinsic factors play in initiating lower extremity fractures in this context.

Impact Statement: This presentation will impact the forensic science community by providing attendees with a better understanding of a suite of
Lower Extremity Long Bone (LELB) fracture patterns resulting from fatal motor vehicle collisions. Further, it will contribute toward improving
interpretations of fracture patterns for forensic anthropology case work related to motor vehicle accidents.

LELBs are the second-most common injury resulting from MVCs, though forensic investigations most often focus on more fatal injuries of the head,
neck, spine, and pelvic regions.! LELB fractures are well documented in engineering and automotive safety research and accompany clinical
investigations of LELB injuries in MVC survivors. These studies assist forensic anthropologists in interpreting blunt force trauma and fracture
patterning, while a gap in the forensic literature exists on this topic. Aiming to fill this gap in forensic science, the present study focuses on investigating
the frequency and patterning of femur, tibia, and fibula fractures in fatal front and side impact MVCs.

This retrospective study examined patterning in the presence, type, and location of LELB fractures, the relationship between fracture frequency,
morphology, impact direction, and the influence of intrinsic and extrinsic variables to fracture frequency and patterning. Cases were selected from the
Office of the Medical Examiner’s database at the Western Michigan University Homer Stryker M.D. School of Medicine, Department of Pathology
that matched inclusion parameters. These parameters included: that the death investigation occurred between 12/31/2016 and 11/16/2020, at least one
fracture is present in the LE, that the decedent was located in a car, SUV, van, or truck, the collision occurred with a front or side impact, and that the
decedent was 15 years old.? Cases where decedents were ejected or the vehicle rolled over were excluded. In total, 67 decedents of front (n=51) and
side (n=16) impact collisions were included. For each case, fracture data were collected from radiographs, and demographic and extrinsic collision
variables were collected from available medicolegal records.

Fracture patterning was predicted for each impact type through a thorough review of the available literature on LELB fracture in MVCs. In the study
sample, fracture patterning demonstrated some agreement with the predicted patterning of ankle, knee, and femur fractures.®> Side impact fracture
patterning coincided less with the predicted pattern of primarily tibial fractures. In both impact directions, no statistically significant relationship was
found between intrinsic (decedent) and extrinsic (vehicle and collision) factors and fracture presence and location in Pearson’s Chi-squared tests.

Front and side impact collisions differed in the most-often fractured LELB. Femoral fractures accounted for the majority (41%) of front impact fractures,
while the majority of side impact fractures were of fibulae (48%). Utilizing a Pearson’s Chi-squared test, a statistically significant (p=0.05) relationship
between anatomical location of fracture and LELB was found in front impact collisions—indicating that there are common mechanisms causing LELB
fracture between individuals and incidents. The same was not found in side impact collisions. With respect to fracture type, comminuted fractures were
most common in front impact collisions, while oblique fractures were most common in side impacts

The present research demonstrates that there is variable fracture patterning in fatal MVCs based on impact direction and other factors. This conclusion
is supported by the common understanding that impact direction influences fracture propagation and patterning. This work compliments recent forensic
anthropological interest in fracture patterning due to motor vehicle collisions (i.e., Hulse, Stull, and Weaver 2018), and contributes to forensic literature
on this subject.?
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A52  Establishing a Skeletal Atlas of Elder Abuse: An Examination of the Relationship Between Bone Density
and Skeletal Fractures in Accidental Falls and Suspected Abuse

Emelia Jensen, Arizona State University, Gilbert, AZ; Kaitlyn J. Fulp, Arizona State University, Scottsdale, AZ; Katelyn L. Bolhofner*, Forensic
Anthropology, Arizona State University, Glendale, AZ; Laura C. Fulginiti, Maricopa County Office of the Medical Examiner, Phoenix, AZ; Jane E.
Buikstra, Arizona State University, Tempe, AZ; Jacob A. Harris, Arizona State University, Phoenix, AZ

Learning Overview: After attending this presentation, attendees will be aware of the relationship between bone density and skeletal fracture occurrence
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 examining the contribution of osteoporosis to differential skeletal
fracture occurrence in cases of suspected abuse and in documented accidental falls, contributing data to the ongoing effort to unmask elder abuse more
broadly.

Ten percent of adults aged 65+ will experience some form of abuse annually.! Physical abuse and caregiver neglect account for most cases, yet remain
difficult to prove.? Skeletal expressions of abuse offer key indications of inflicted and untreated injuries but 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.’ We
previously identified differences in the skeletal patterns of injury between accidental falls and cases of abuse/neglect.* To further refine a standard of
expected skeletal injury associated with abuse in elders, we must consider the degree to which aging affects the structure and density of the bone in
relation to fracturing. Osteopenia, the early loss of bone density, and osteoporosis, a condition of progressive deterioration of bone tissue, affect
approximately 54 million individuals in the United States and are associated with increased fracture risk.®® Radiographic standards have been
established for the measurement of bone density and assessment of osteoporosis.'®!* To explore the relationship between bone density and skeletal
fractures in abuse/neglect vs accidental falls, cases from the Maricopa County Office of the Medical Examiner were reviewed.

Digital radiographs of 175 individuals over the age of 60 who had sustained skeletal trauma were examined and scored by three observers with varying
levels of experience according to Barnett and Nordin 1960.!! This method was chosen as an investigatory starting point based on low rates of reported
inter-observer error and ease of implementation by a range of professionals, of particular interest for the future application of our criteria. Bone density
measurements were estimated from the hands, femora, and vertebrae, and osteoporosis was diagnosed where the threshold for minimum bone loss was
met. Of those examined, 66 were cases of abuse/neglect based on previously established criteria and 109 were cases of witnessed falls.*?

To assess potential differences in bone density between those individuals manifesting skeletal fractures from an accidental fall and those for whom
abuse/neglect is suspected, we performed independent t-tests to compare the average bone density scores for left and right metacarpals and femora,
respectively. The results suggest no significant differences in metacarpal density (hand: t=1.1, df=85, p = 0.28), but a significant difference in femoral
bone density between abuse and accidental cases (femora: t=2.53, df=109, p = 0.01). The World Health Organization defines osteoporosis as a bone
mineral density value more than 2.5 standard deviations below the mean.!> We examined differences in osteoporosis between accidental and abuse
groups and found a disproportionately high frequency of osteoporosis among individuals sustaining fractures in accidental falls (X?=8, df=1, p=0.005).

To better understand the potential for implementation of this simplistic measurement of bone density in a forensic context, we performed a paired t-test
of inter-analyst correspondence using a sample of the data (n=129 pairs). The results of the paired t test suggest no significant differences between
analysts (hand: t=-0.096, df=65, p = 0.92; femora: t=-0.096, df=105, p = 0.06; alpha =0.05).

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.® Radiographic assessment of skeletal fragility and injury
is the standard initial approach to fractures in both living and deceased individuals.'® To develop a standard of expected skeletal injury associated with
accidents and/or abuse, we must first be able to provide a baseline of bone health against which we may evaluate noted fractures. 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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A53  Assessing Variability in Kerf Floor Shape Utilizing a Revised Set of Shape Categories

Meghan M. Gast*, Des Moines University, West Des Moines, IA; Alexis L. VanBaarle, Michigan State University, East Lansing, MI; Heather M.
Garvin, Des Moines University, Des Moines, IA; Ann L. Braverman, Des Moines University, West Des Moines, 1A

Learning Overview: This research utilizes a modified classification system to assess saw kerf floor shapes in bone. After attending this presentation,
attendees will better understand challenges in assigning kerf floor shape categories, as illustrated with inter-observer assessments, and patterns between
kerf floor shapes and saw characteristics.

Impact Statement: This presentation will impact the forensic science community by highlighting some of the limitations and utility in kerf floor shape
analysis to predict saw class characteristics in dismemberment cases.

In cases of dismemberments, forensic anthropologists are asked to assess bony kerf variables to provide information about the tool used. Kerf floor
shape has been proposed to reflect specific saw class characteristics. In this study, we created a set of 12 kerf shape categories based on previous studies
and observations. We aimed to test inter-observer agreement in kerf floor assignments and to evaluate the relationship between kerf shapes and saw
characteristics.

This research utilized a subsample of incomplete saw cuts in human bone made available by Mercyhurst University and originally collected as part of
a National Institute of Justice grant project (2005-1J-CX-K016).! The cuts were made on fully macerated long bones using a controlled sawing method.
A subsample of 90 specimens, created by 19 saws, were semi-randomly chosen, ensuring approximately equal representation of each saw.
Stereomicroscopic photos were taken of the kerf profiles and three observers scored the 90 kerf floors. Percent agreement between observers and
patterns in kerf floor shape were assessed to investigate the utility of floor shape in classifying saw characteristics.

Agreement between the two inexperienced observers and the experienced observer was 60.0% and 75.6% for the 12-shape scoring system. Kerfs with
a “W” or truncated “W” shape had 100% agreement across all observers, illustrating the ease of differentiating this shape from flat or curved kerfs.
Collapsing the kerfs with flat or slightly rounded floors increased agreement to 90.0% and 88.8%. Patterns between kerf floor shape and saw class
characteristics were limited. All W-shaped kerfs were created by hand saws with alternating crosscut teeth, with one exception: a mechanical circular
rip saw produced two W-shaped kerfs, but the peaks of the “W” were shallow and easily differentiated from the other W-shaped kerfs. Similarly, all
hand-alternating crosscut saws produced W-shaped kerfs except for four kerfs produced by two saws (a dovetail and general carpenter saw). Beyond
being created by rip saws, no patterns were discerned between the various flat and rounded kerf floors and saw characteristics; they were created by
hand and mechanically powered saws of various sets and teeth-per-inch. A new category developed, relatively flat kerfs with a midline divot, was only
observed in mechanical reciprocating rip saws with a raker set, although not all mechanical reciprocating raker rip saws created this divot feature.

This preliminary research expands upon our understanding of kerf floor shape and saw characteristics. Saws are highly variable, however, with various
combinations of power, set, tooth shape, teeth-per-inch, blade width and length, and intended cutting material. As such, it is important to further assess
kerf shape patterns in a diverse array of saws if forensic interpretations are to be drawn from kerf floor shape in casework.
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A54 A Comparison of Fatal and Non-Fatal Postcranial Gunshot Wounds

Sam W. Coberly*, SNA International, Honolulu, HI

Learning Overview: The goal of this presentation is to focus on the skeletal differences between postcranial fatal and non-fatal Gunshot Wounds
(GSWs).

Impact Statement: This presentation will impact the forensic science community by allowing for better recognition of fatal vs. non-fatal skeletal
GSWs in the postcranial region.

Gun violence has a devastating effect on the United States with over 48,000 firearm deaths in 2021.1 In addition, there have been over 385,000 injuries
between 2006 and 2010.2 Approximately $734.6 million is spent each year on treating GSWs.2 The difference between a fatal GSW and a non-fatal
GSW is complex and varied.

C.A. Pound Human Identification Laboratory case folders from 1974 to 2020 were examined for trauma. There were 268 total GSW cases: 93 had
postcranial trauma; thorax = 48, neck = 20, abdomen = two, pelvis = zero, and limbs = three. Seventeen had trauma to more than one region, two were
unknown, and two were antemortem. The majority (31%) of cases had trauma to five+ elements, with the greatest frequency to the ribs (45%) followed
by thoracic vertebrae (18%). In 63%, one shot occurred.

Radiographs of living trauma victims located in Florida were pulled (with Institutional Review Board [IRB] approval) from the University of Florida’s
Clinical and Transitional Science Institutes Integrated Data Repository. Cases came with radiographs and doctors’ notes. One hundred and five cases
were pulled: thorax = 54, neck = one, abdomen = 19, pelvis = 15 (including three to the penis), limbs = three, multiple regions = six, and seven
unknowns. Fifty-six percent had trauma to no elements. In 81% of cases, the individual was shot once. The non-fatal GSWs had a higher chance of no
skeletal trauma, with fatal GSWs involving more elements per case. The non-fatal had more trauma to the pelvis and abdomen. The fatal population
had a higher frequency of comminution. The non-fatal population had less catastrophic trauma. The scapula had the most similar types of fracturing
between all the elements.

The majority of GSWs are non-fatal within the literature, with the exception of one study from Finland.3,4 Several studies conclude that the cranium
and thorax are the most common sites of fatal GSWs.4-7 This can be seen in the fatal sample where the majority are cranial followed by thorax. Non-
fatal GSWs are often found in the limbs, abdomen, and pelvic region.8-11 The non-fatal sample had few cases with limb GSWs, but this may have
been due to the random nature of the selection. The sample did have several cases involving the pelvis and abdomen, but the majority were from the
thorax, specifically rib fractures. One study found that approximately 36% of cases had only one shot per individual and 61% had trauma only in one
region, which is keeping with both the fatal and non-fatal sample.3 Single GSWs and GSWs to single elements are commonly found in fatal GSWs
with one study finding 41% having trauma to one element.12 One study found a correlation between multiple GSWs and requiring a hospital stay or
death.3 However, another study found no correlation between multiple GSWs and greater morpidity.13 Both sample populations had more males than
females, which is fairly universal with over 90% of non-fatal GSWs and 81% of fatal GSWs being male. 1,8,9,11 Males tend to have riskier behavior.14

Further study could be done to expand on the results here such as adding the skull to see how different survivability is compared to other regions. In
addition, most of the doctors’ notes were from initial review of the trauma. It would be interesting to see if additional trauma was found during surgery
versus radiographs. Overall, fatal GSWs tend to involve more elements with more severe trauma, and abdomen and pelvic GSWs are seen more often
in non-fatal GSWS than fatal.
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A55  The Patterning of Fracture Characteristics in Gunshot Wounds in Long Bones

Alexandra Semma Tamayo*, MSc, Binghamton University, Binghamton, NY; Laure Spake, Binghamton University, Binghamton, NY

Learning Overview: After attending this presentation, attendees will have a better understanding of the fracture characteristics that are typically
associated with gunshot wounds in long bones.

Impact Statement: This presentation will impact the forensic community by contributing data on gunshot wound fracture patterning in the long bones.
Gunshot wounds in tubular bones are understudied relative to those of the cranial vault, though they are increasingly common in medicolegal contexts.

Gunshot wound analysis remains a challenge in forensic anthropology. The potential utility of skeletal gunshot wounds in medicolegal contexts is
limited by the fact that descriptive characterization of fracture patterns in ballistic trauma has focused on the skull, with few studies dedicated to long
bone injuries.!? Publications on long bone gunshot wounds are derived from medical research and orthopedic interventions, where descriptions of
fracture patterns of forensic interest are somewhat limited. A more comprehensive characterization of fracture initiation and propagation in gunshot
wounds to tubular bones is still needed.

In recent years, Computed Tomography (CT) scans have been considered a complement to traditional autopsy, enhancing reconstruction of gunshot
wounds and fracture patterns.> With the increasing availability of CT scans, they now represent an important source of high-quality data for the study
of gunshot wounds with broader applications in forensic research.

In this study, postmortem CT scans were used to characterize gunshot wounds in long bones and to explore patterning of lesion characteristics that
could be indicative of projectile trajectory. CT scans from 33 individuals (mean age=37; SD=15) with gunshot wounds in long bones were selected
from the New Mexico Decedent Image Database (NMDID). Scans were processed with automated thresholding segmentation protocols to visualize
the skeletal tissue using 3D Slicer 5.3.0 and InVesalius 3.0. Fragment realignment for fracture reconstructions was completed using Blender 3.6 LTS.
Qualitative characteristics of the wounds were recorded, such as the shape and size of bone defects, and the presence or absence of radiating, concentric,
spiral, and butterfly fractures. Patterning of characteristics were explored using hierarchical cluster analysis.

Three types of fractures were observed in the data: indirect fractures (bullet did not impact the bone); entrance wounds of direct impacts; and exit
wounds of direct impacts. Indirect fractures without penetrating injuries were characterized by the absence of bone defects and the presence of
transverse, butterfly, and spiral fractures. Direct impacts to long bones were characterized by oblong-shaped bone defects with radiating and concentric
fractures forming a butterfly pattern. Differentiating between entrance and exit wounds was complicated by challenges with fracture reconstruction and
the presence of image noise as a result of metallic artifacts from projectile fragments. This led to difficulty observing important features detailed in
other studies, including irregular defects, beveling, delamination, and edge sharpness.

Results demonstrate clusters of characteristics that could be associated with indirect, entrance, and exit wounds. However, conclusions about the
characterization of entrance and exit wounds associated with the fracture category groups could not be drawn since the confirmed projectile trajectory
information from the autopsy records was not available for this sample. If these clusters can be reliably associated with entrance and exit wounds, these
results can be used for reconstructing projectile trajectory and potentially circumstances of death in cases of gunshot wounds to the postcranium.
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A56  An Analysis of Bevel Angle in Gunshot Trauma to Long Bones

Devin L. Adcox*, University of Tennessee Knoxville, Dickson, TN; Ashley Kendell, California State University, Chico, Chico, CA; Eric J. Bartelink,
California State University, Chico, Chico, CA

Learning Overview: After attending this presentation, attendees will understand that bevel angle in gunshot entrance wounds to long bones has a
degree of variance that likely cannot be attributed to impact angle or caliber alone. This suggests that entrance beveling is influenced by bone
morphology, as well as microstructure, indicating a need for more studies that investigate how bevel angle forms.

Impact Statement: This presentation will impact the forensic science community by providing information on bevel angle variance and formation.
While bevel angle is an important indicator of directionality in gunshot trauma, information on how it forms and potential variability in bevel angle is
limited. There are few actualistic studies concerned with variability in bevel angle formation. The data here suggest that bevel angle can be highly
variable and is likely influenced by bone morphology.

Bevel morphology has consistently been used to indicate directionality in gunshot trauma; however, few studies have examined how the bevel angle is
created. Previous research on gunshot trauma to the cranium suggests that bevel angle morphology is variable. This study directly examined bevel
angle formation and variability through actualistic research on porcine femora. We hypothesized that handgun caliber would influence the bevel angle,
and there would be variability in the angle of the bevel around the circumference of the entrance wound.

Bevel angle was measured in 32 porcine femora, 15 of which were shot with a 45-caliber handgun and 17 of which were shot with a 9mm handgun.
The soft tissue was removed from all but two limbs, which were held as controls for the mm sample. After tissue removal, the limbs were shot by a
trained marksman at a distance of 15 feet. The femora were suspended within a plexiglass container to assist in the retention of all bone fragments.

When possible, measurements were taken in three locations to assess the degree of variance in bevel angle. To obtain these measurements, the fragments
were pressed into a contour gauge while keeping the fragment perpendicular to the gauge. The resulting contour was transferred to paper. A digital
angle finder was then used to measure the apex of the bevel—where the outer surface of the bone transitions to the entrance bevel. Additional
comparisons were made between the caliber type to assess if caliber type altered bevel angle. The results indicate that there is a high degree of variance
within each gunshot wound. For example, the mean range for all 30 of the test impacts was 18.87 degrees (median value = 18.3). In addition, no
significant differences were found in bevel angle between caliber types (p=.355; 0=.05). The degree of variance in each entrance wound bevel angle
suggests that the morphology of the bone in the area—its thickness, density, and shape—Ilikely plays a larger role in the formation of bevel morphology
than caliber or impact angle. Thus, the lack of difference between the two caliber types suggests caliber size and speed in this case do not play key roles
in bevel angle formation.

This research suggests that morphology, in particular bone thickness and shape, play a significant role in the formation of bevel angle. Additionally, it
shows that caution should be used when trying to interpret angle of impact solely from the bevel morphology of an entrance wound.
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A57 A Comparison Between Full Metal Jacket and Hollow Point Projectile Effects on Bone

Joe Adserias-Garriga*, Mercyhurst University, Erie, PA; Roberto Escudero-Izquierdo, Servicio Nacional de Medicina Legal y Ciencias Forenses,
Ecuador, Bolivar, Ecuador

Learning Overview: Attendees to this presentation will acquire a higher understanding of how bone reacts to different types of projectiles by the
analysis of the entrance and exit defects morphology, which may assist in the reconstruction of the events.

Impact Statement: This presentation will impact the forensic science community by providing morphological traits that may be consistent with
different types of ammunition in gunshot trauma defects in the bone.

The location, size, and shape of the gunshot defects in a body depend on the amount of kinetic energy lost by the bullet in its path through the tissue,
the loss of energy, and the characteristics of the tissue.! However, the type of projectile and its behavior when impacting the tissues plays an important
role in the effects in the tissue.

The bullet is the part of the cartridge that hits the target. Jacketed bullets contain a core covered by a thin layer of some other material, referred to as
the jacket. If the entire bullet is fully enclosed, and the jacket is crimped shut at the base of the bullet, that’s referred to as a Full Metal-Jacketed Bullet
(FMJ). The jacket covering the tip prevents its deformation upon impact. If the jacket leaves part of the tip uncovered and hollowed out, the bullet is
referred to as a semi-jacketed Hollow-Point (HP) bullet and expands to double the bullet diameter on impact.??

Different projectiles can produce different defects depending on the interaction of the bullet with the tissues. Bullet deformation and fragmentation are
significant contributors to permanent cavity formation.**> Additionally, radiating, concentric, delamination, and avulsion fractures may be associated
with gunshot defects.®

The aim of the present study is to evaluate the entrance and exit defects morphology in bone caused by two types of ammunition: FMJ and HP bullets.

FM1J and HP projectiles were impacted at different distances and angulations on 32 specimens of swine (Sus scrofa) skulls with soft tissue present and
skeletonized.

The results showed that HP defects in dry bone didn’t present as many associated fractures as specimens with soft tissue present. Entrance wounds on
skeletonized samples caused by FMJ ammunition created radiating fractures. On the contrary, HP caused defects presented as several radiating fractures.
Concentric fractures appear only in entrance defects with soft tissue present. These fractures are caused by intracranial pressure created by the bullet
as it passes through the skull and compresses the soft tissue.

This study confirmed some of classical statements about the features of gunshot defects such as size and shape and opened up new perspectives on the
analysis of fracture patterns that may assist in the reconstruction of the events.
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A58 Antemortem Trauma and Trauma Reporting in the Texas State Donated Skeletal Collection

Theresa M. De Cree*, Texas State University, San Marcos, TX; Emma M. Giacomello, Texas State University, Huntsville, TX; Michelle D. Hamilton,
Texas State University, San Marcos, TX; Elizabeth Moore, Texas State University, Fort Cavazos, TX; Katie Gerstner, Texas State University, San
Marcos, TX

Learning Overview: After attending this presentation, attendees will understand trends in antemortem trauma in a modern United States population.
In addition, attendees will understand the importance of trauma reporting for the recognition and interpretation of antemortem trauma in forensic case
work.

Impact Statement: This research will impact the forensic science community by illuminating trends in antemortem trauma through the statistical
analysis of observed skeletal lesions. This presentation will improve interpretation of antemortem trauma by providing instances of trauma with known
and documented explanations.

Trauma analysis is an important component of forensic anthropological investigation. It has the potential to provide information about perimortem
events that can inform the determination of cause and/or manner of death.1 When compared to perimortem trauma, antemortem trauma analysis is
underreported in forensic anthropological literature. Understanding the patterning of antemortem trauma can assist with the interpretation of health and
injury along the life course, as well as provide individualizing information to assist with positive identification efforts.!

This research project assessed the presence, absence, and accumulation of antemortem trauma in the Texas State Donated Skeletal Collection.® This
sample examines 62 individuals for trauma patterns assessed based on body location, sex, age group, and socioeconomic status. In addition, the accuracy
of antemortem record keeping by donors and their families was assessed to determine the amount of skeletal trauma that goes unreported.

Eight of the 62 (13%) individuals had no instances of antemortem trauma observed on the present skeletal elements. The body was divided into regions
and assessed for percentage of trauma by fracture count. The head and neck contained 8.36% of trauma, the trunk had the highest rate of trauma at
65.07%, the upper extremities had 8.06%, and the lower extremities had 18.51%. When fracture counts were analyzed by element, it was found that
rib fractures were highly underreported and made up 38.97% of all fractures. Both thoracic and lumbar vertebrae made up 6.54% of fractures each,
with the third-highest rate of fractures (4.9%) seen in the tibiae. When trends in the number of fractures within demographic groups were analyzed for
significance with unpaired T-tests, the difference between middle and older adult approaches significance (P=0.0656). Because the sample only
contained two young adults, they were removed in statistical analysis. No other grouping (sex, occupation, or socioeconomic status) showed
significance when examining number of fractures per person.

In the assessment of accuracy of antemortem donor paperwork, it is noted that one individual could not be assessed for matching records due to the
incompleteness of remains. Out of the 61 individuals assessed, 13 were self-reported (~21%) and 48 (~79%) were Next-of-Kin reported. Records were
assessed as complete, partial, or not a match to what was observed on the remains. The difference between reporting type accuracy was not statistically
significant (P=0.7721). However, self-reported records had fewer instances of no match at 46% when compared to the Next-of-Kin reported records at
~75%.

The ability to characterize the embodiment of antemortem trauma in a contemporary documented skeletal collection has applications in bioarcheology,
medicolegal death investigation, and the medical field. This research indicates there could be correlation between amount of antemortem trauma and
age and provides evidence for the underreporting of rib fractures. Further research is required to determine patterns in rib fractures as well as fracture
frequency by age group.
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A59  Standards Development in Forensic Anthropology: Updates from the OSAC and ASB

Julie M. Fleischman, Harris County Institute of Forensic Sciences, Houston, TX; Eric J. Bartelink™®, California State University, Chico, Chico, CA;
Wendy E.P. McQuade, Center for Human Identification, University of North Texas Health Science Center at Fort Worth, Fort Worth, TX

Learning Overview: After attending this presentation, attendees will be updated on the status of standards and best practices drafted by the
Organization of Scientific Area Committees (OSAC) Forensic Anthropology Subcommittee and those published by the American Academy of Forensic
Sciences’ Standards Board (ASB) Anthropology Consensus Body.

Impact Statement: This presentation will impact the forensic science community by increasing awareness of forthcoming and existing standards and
best practices in forensic anthropology, including publication by the ASB and placement on the OSAC Registry. This presentation will further highlight
the need for participation and engagement by the forensic anthropology community in the development of consensus standards.

The OSAC was established in 2014 to facilitate the development of national standards for all areas of forensic science, including forensic anthropology.
Each OSAC subcommittee is tasked with drafting standards documents, which are then submitted to a Standards Developing Organization (SDO) for
further development and eventual publication. The Forensic Anthropology Subcommittee submits draft standards to the ASB, which was established
in 2015 as an SDO accredited by the American National Standards Institute to publish forensic science standards; once a standard is published, the
Forensic Anthropology Subcommittee reviews it for technical merit, makes a recommendation for its placement on the OSAC Registry, and submits it
to the Forensic Science Standards Board for final approval.

This presentation will describe the differences between standards and best practice documents; summarize recent standards development activities by
the OSAC Forensic Anthropology Subcommittee and the Anthropology Consensus Body of the ASB, including ASB standards currently on the OSAC
Registry; list ASB standards eligible for the OSAC Registry; inform attendees of proposed forensic anthropology standards that are currently open for
public comment or in comment adjudication at the OSAC or ASB; and briefly summarize the topic areas addressed by drafts of standards and best
practice recommendations that are currently in progress at the OSAC and/or ASB. As of August 1, 2023, one Forensic Anthropology document is
currently listed on the OSAC Registry, and eight other published ASB standards are eligible for the Registry. Three standards are undergoing further
development at the ASB and are anticipated to be published in the next nine months. Additionally, the ASB is drafting four best-practice
recommendations, and six standards are currently under development by the OSAC Forensic Anthropology Subcommittee, including one that is a
collaborative effort with Task Group members representing the OSAC, ASB, and the American Board of Forensic Anthropology (ABFA).

Standards; ASB; OSAC
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A60  Assessing the Place and Feasibility of Activism and Advocacy in Forensic Anthropology

Sadie R. Friend*, California State University, Chico, Chico, CA

Learning Overview: After attending this presentation, attendees will have a better understanding of the field’s consensus on activism and advocacy.
Attendees will have an idea of the variation in the conceptualization of attitudes about activism and advocacy held by their peers in the field.

Impact Statement: This presentation will impact the forensic science community by spurring discourse and intellectual engagement with activism and
advocacy within forensic anthropology. This is especially important during the current climate where these topics are sometime perceived as divisive.
This presentation will elucidate the nuances and the similarities in the opinions that forensic anthropologists share regarding these topics.

This research explores the attitudes surrounding the place, practicality, and feasibility of activism within the field of forensic anthropology. It examines
the comfort of forensic anthropologists in performing activist and advocacy work and evaluates how these are conceptualized within the field. For this
ongoing study, data were collected through a combination of surveys (n=38), questionnaires (n=11), and interviews (n=9). Only surveys that were at
least 75% complete were included in the current study. This research will provide insights into the conceptualizations of advocacy and activism and
their trajectory within forensic anthropology and present the shared and diverse opinions of the field. This will further assess relationships between
attitudes toward activism and multiple variables such as a practitioner’s level of experience, pedagogical era, and the context in which one practices.
These data will be used to answer three research questions: (1) Is the conceptualization of activism and advocacy consistent across the field? (2) Is the
conceptualization of activism and advocacy influenced by the context in which the forensic anthropologist practices? And (3) How comfortable are
forensic anthropologists with integrating activism and advocacy into their practice?

Out of the 38 surveys, 31.6% are students, 36.8% are primarily practicing in academia, 15.8% are primarily practicing within the government, and
3.2% are practicing within the medicolegal context (in medical examiners or coroners’ offices). In response to the questions regarding the
conceptualization of activism where respondents were asked to identify whether a given scenario qualifies as activism or not, the most common of the
five response options was “Not Activism” (26.6%). However, when comparing responses of “Not Activism” to those that indicate that the given
scenarios represented some level of activism, responses that indicated any activism were more popular (71.8%). When rating how comfortable the
practitioner would be in performing the same scenarios, the most common answer was “Very Comfortable” (46.1%). There are slight differences in the
frequency and type of responses by practice context and many responses to scaled survey questions included supplemental context to the answer. These
results may indicate a general consensus in the conceptualization of activism in the extremist connotation across the field, which is supported by the
responses from the interviews and questionnaires. Also reflected by the survey data and supported by interviews and questionnaires is the breadth of
opinions, attitudes, and comfortability with advocacy and activism in forensic anthropological practice.

Anthropology; Activism; Advocacy
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A61  Forensicanthrotok: The Depiction of Forensic Anthropology on TikTok

Donovan M. Adams*, University of Central Florida, Orlando, FL; C.M. Trent, University of Central Florida, Orlando, FL; Jasper K. Sharpless,
University of Central Florida, Barboursville, WV

Learning Overview: After attending this presentation, attendees will understand the public perception of forensic anthropology on TikTok, the
discipline’s use of the social media platform, and the interconnections of forensic anthropology with various TikTok subcommunities.

Impact Statement: This presentation will impact the forensic science community by providing information regarding the presence of forensic
anthropology on TikTok and discussion regarding effective use, ethical issues, and public interaction with the discipline via the platform. This research
presents initial findings from a mixed method, digital ethnographic investigation of TikTok videos to understand how anthropological concepts are
discussed on social media, particularly by extremist communities.

Social media platforms like TikTok have dramatically increased in popularity in recent years, particularly due to restrictions associated with COVID-
19. Much like other platforms, an algorithm provides content to users based on their prior activity (e.g., videos watched, liked, and shared). Sometimes
seemingly unrelated videos are shown to users despite a lack of prior interaction with the topic. As such, a broad audience may view and interact with
forensic anthropological content. Additionally, different ways to engage in material (e.g., duets, shares, comments) allows users to not only share
anthropological information but to utilize this information for different purposes, whether educational, ideological, or entertainment.

The present research seeks to understand the ways in which forensic anthropological content is produced and interacted with on TikTok. Hashtags
directly related to some aspect of forensic anthropology (e.g., #forensicanthropology, #cranium, #biologicalanthropology, #dentalmorphology) were
selected from a database of TikToks collected as part of a larger investigation of the relationship between anthropology and extremism on social media.
TikTok metadata and videos were collected using the Python® package TikTokAPI where the 500 most “popular” TikToks were downloaded for each
hashtag over a one-month period.' TikTok comments were downloaded using the Python®-based code TikTokCommentScraper.? The analyzed sample
for this presentation included 5,117 TikToks drawn from 22 hashtags.

Due to the heavily skewed nature of the data, non-parametric descriptive statistics were calculated. The median value for the number of likes is 8,540
(Quartile 1: 142; Quartile 3: 77,550). The median value for the number of shares is 45 (Quartile 1: 1; Quartile 3: 505.5). Last, the median value for the
number of comments is 87 (Quartile 1: 5; Quartile 3: 1,017.8). This compares to median values of 16,700 likes (Quartile 1: 828; Quartile 3: 156,600),
184 shares (Quartile 1: 8; Quartile 3: 8,864), and 204 comments (Quartile 1: 20; Quartile 3: 1,359) from the broader sample of 543,798 TikToks. These
results indicate that those TikToks related to forensic anthropological concepts have a generally smaller engagement compared to other TikToks in the
database; however, TikToks still receive thousands of likes and views and, therefore, have a broad reach. Some of the topics discussed included the
television show Bones; educational material; day-in-the-life vlogs of anthropology students; “aesthetic” depictions of forensic anthropology; and
comedic jokes regarding forensic practice and education. Additionally, many TikToks either: (1) address issues of biological essentialism of gender, or
(2) utilize forensic practice to invalidate trans identity or the distinction between sex and gender.

A network analysis using the R package quanteda was conducted to understand the 100 most commonly associated hashtags and, by extension,
communities of the sampled TikToks.*> Notably, the most associated communities included Anthro TikTok, Academic TikTok, ConspiracyTikTok,”
ArtistsofTikTok, and FurryTikTok. Many of these communities’ hashtags were within the 50 most popularly associated hashtags. These results highlight
the significant overlap of forensic anthropology with seemingly disparate digital communities and the discipline’s possible far-reaching influence.

With the constant expansion of social media platforms and the quick turnover of trends in digital space, it is important to understand how digital
communities engage with forensic anthropology and how the discipline ethically and effectively engages with these platforms and audiences. By
introducing ways in which forensic anthropology exists on TikTok, this presentation will discuss issues including curriculum for responsible
presentation of the discipline and imagery of human remains, ethical public engagement (e.g., discussion of bioprofile estimation; avoiding images
containing intact, skeletal, and decomposing human remains), and combating weaponization of forensic anthropology in prejudicial rhetoric.
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A62  Forensic Anthropology and Structural Vulnerability in Casework

Jaymelee Kim*, Wayne State University, Detroit, MI; Allysha P. Winburn, University of West Florida, Pensacola, FL

Learning Overview: After attending this presentation, attendees will gain insight into the burgeoning literature that analyzes the expansion of forensic
anthropology practice, specifically in the realm of public health and social vulnerability reporting. This presentation will critically examine the idea of
applying archaeological and social anthropology lenses to interpreting crime scenes, material evidence, skeletal trauma, and skeletal pathology to
extrapolate information about the victim’s lived experiences. To promote further discussion of this emerging topic at our primary conference, this
presentation will address ethical obligations of forensic anthropologists as last responders, practical challenges, and the current strengths and challenges
that have surfaced in recent professional discussions and related scholarship.

Impact Statement: This presentation will impact the forensic science community by laying the groundwork for further discussions within the field on
how forensic anthropology data drawn from cases could be used to inform other sectors related to the medicolegal system.

Forensic anthropologists within the United States have traditionally been expected to extrapolate information regarding biological profile, trauma,
pathology, or postmortem interval to assist in victim identification, crime reconstruction, and cause and manner of death. However, as anthropologists,
those in the forensic subfield can still choose to pursue archaeological and sociocultural training that may inform forensic anthropology.!? Recent
scholarship has emphasized the unique potential of these skills for expanding forensic anthropological practice.

Specifically, recent publications have underscored the potential for forensic anthropologists to contribute to policymaking and data reporting for social
vulnerability determinants. This application of anthropological analysis exists in other subfields but not within standard forensic anthropology practice.
Through exploring the ability, limitations, and potential of forensic anthropological analysis to infer information about access to resources and health
status, practitioners may find the role of forensic anthropology changing to provide data that is evidentiary of human rights law (e.g., access to housing)
or serves public health initiatives.

Longstanding studies in structural violence discuss social inequity in terms of access to resources such as housing and health care.>* These same
principles are seen in international human rights law (e.g., Universal Declaration of Human Rights, International Covenant on Economic, Social, and
Cultural Rights) that is framed in similar language and also has a deep interdisciplinary scholarship base. In the United States, accessibility and access
to resources remains a fundamental concern for policymaking and community response, with organizations such as the Centers for Disease Control
and Prevention (CDC) using a social vulnerability index to identify communities that need additional support. Medical anthropologists,
bioarcheologists, and other bioculturally focused practitioners are often familiar with some of these literatures (we suggest forensic anthropology also
engage with broader public health and human rights law issues).>®

In essence, the United States approach to forensic anthropology has largely focused on the individual—enabling their identification and case resolution.
While these goals remain important, we wish to highlight the potential for the discipline to refocus on population-level trends among the decedents we
analyze. In this presentation, we ask: What patterns emerge among their causes of death, circumstances of death, and the lived experiences they may
embody? What social structures are implicated in those patterns? How might forensic anthropological reporting inform public health and policy to
effect change, improve quality of life, and seek to prevent future deaths?

Recent forensic anthropological research and casework explores forensic anthropologists’ ability to extrapolate information from individual cases or
bodies of casework regarding a population’s access to resources and health status—particularly when contextualized for a specific geographic region.”
9 Here, we synthesize and critically evaluate literature related to Winburn, Wolf, and Marten’s proposed Structural Vulnerability Profile (SVP).!° Some
scholarship calls attention to the relationship between SVP reporting and human rights/humanitarian anthropology, while other literature highlights
concerns that should be addressed before pursuing an SVP.!12 This presentation reviews the literature to summarize main arguments, clarifies the
original intent of an SVP proposal, and encourages further discussion among practitioners.
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A63  Justice for All Missing: The Mississippi Repository for Missing and Unidentified Persons

Jesse R. Goliath*, Mississippi State University, Mississippi State, MS; Jordan Lynton Cox, Mississippi State University, Mississippi State, MS; Elise
J. Adams, Mississippi State University, Starkville, MS

Learning Overview: After attending this presentation, attendees will have a better understanding of who goes missing in the state of Mississippi and
how the Mississippi Repository incorporates socioeconomic data to help resolve missing persons cases.

Impact Statement: This presentation will impact the forensic science community by highlighting the need to develop region- and state-specific
databases that rely on multiple sources, including missing persons data, health data, and socioeconomic factors for missing persons work.

In the United States, a lack of missing and unidentified persons repository data at both the state and national level continues to impact the identification
of missing and unidentified people, particularly from historically marginalized communities.'-* As of July 2023, the National Missing and Unidentified
Persons System (NamUs) reported 23,446 open missing persons cases, only 24% of the open cases in the FBI's National Crime Information Center
database.*’ These statistics highlight a discrepancy in missing persons data, and such inconsistencies are compounded for marginalized groups, who
are less likely to be reported missing, less represented in media coverage, and have fewer resources allocated to their cases.® However, state data
collection and analysis can help rectify these inequities by providing more accurate data that can be shared nationally. The Mississippi Repository for
Missing and Unidentified Persons was developed to help identify, resolve, and archive Mississippi’s cases of missing and unidentified persons. The
Mississippi Repository is a statewide database and collaborative tool that seeks to increase public access to missing persons information, partner with
neighboring states to facilitate data sharing of missing and unidentified persons information, and visualize socioeconomic and medicolegal disparities
affecting missing persons using geospatial analysis.

The Mississippi Repository comprises over 800 current and resolved missing persons profiles gathered from local law enforcement agencies, non-profit
missing persons advocacy groups, and social media platforms. Preliminary analyses have shown that Black, Native American, and Multiracial
individuals were overrepresented in the Repository compared to their general population percentage in Mississippi. Of all the missing persons resolved,
62% of those found deceased were Black. Moreover, Black men and women were twice as likely to be found deceased compared to their White
counterparts. These disparities are also present in looking at health outcomes. Compared to White Mississippians, Black Mississippians have the highest
mortality rate from cancer, diabetes, heart disease, homicide, hypertension, renal disease, and stroke.’ These stark Black-White disparities in Mississippi
are geographically structured as well. The Mississippi Delta and other counties with high Black populations have the worst rankings on premature
death, self-reported health, and percentage of low-birth-weight newborns in the state.'® Combining missing persons data with socioeconomic factors
will provide a greater understanding of who goes missing and how we can help identify and resolve these cases in Mississippi and across the
Southeastern United States.
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A64  The Cold Case Initiative: Bringing Cases up to Current Investigative Standards

Erin H. Kimmerle*, Florida Institute for Forensic Anthropology & Applied Science, Tampa, FL

Learning Overview: The goal of this presentation is to present an inclusive investigative model for Unidentified Human Remains (UHR) and missing
persons at the state level, including field, lab, and archival methods.

Impact Statement: The National Institute of Justice (NI1J) guidelines for establishing cold case units calls for inclusive models combining homicide,
missing person, and unidentified human remains investigations. The research presented here was a state-wide initiative that serves as a template for
other agencies and programs seeking to establish similar units. This presentation will impact the forensic science community by providing best practices
for locating and identifying lost investigative materials, with a focus on including traditionally underserved demographic groups and minority
populations.

Throughout Pennsylvania, thousands of unresolved homicides dating back to the 1960s represent families and victims who have been denied justice.
Among the most difficult to solve are the hundreds of Missing Persons (MP) presumed dead and the 500+ individuals who are victims of homicide or
died alone, resulting in unknown identities. Such cases pose significant prosecution challenges with thousands of hours spent searching for human
remains and clandestine burials.

The Institute for Forensic Anthropology and Applied Science at the University of South Florida (IFAAS) began a collaboration with the Pennsylvania
State Police (PSP); numerous district coroners and district attorney offices; the Philadelphia Police Department, the Philadelphia District Attorney and
Medical Examiner Offices; the Pennsylvania Attorney General’s Office, and several other Eastern District police departments. The purpose of the Cold
Case Initiative was to bring select UHR cases from open homicide investigations up to current investigative standards, facilitating they meet protocol
standards and methods required to solve long-term open cases. This initiative led to numerous positive outcomes, positive identifications, and was
successful in laying the groundwork for a statewide effort. The methods, results, and policy recommendations are discussed in this presentation.

In 2016, Philadelphia had a total of 41 UHR cases listed in NamUs, and all other counties throughout Pennsylvania had a combined total of 62 UHR
cases. As a result of this initiative, an additional 178 UHR cases from Philadelphia and 29 from surrounding counties for a total of 207 UHR were
added to the existing lists into NamUs and National Crime Information Center (NCIC). Still, these impressive results represent only a portion of the
total number of unresolved cases.

This investigation found significant bias among minority communities in terms of missing person investigations. A consistent gap in records shows
that cases involving females and minorities have not been investigated (e.g., there is no documented female missing person investigation in the city of
Philadelphia from 1985-1992, and only one missing Black female is listed prior to 1980). The majority of listed missing persons cases since that time
are females from minority communities; yet the majority of UHR listed by coroners and medical examiners are male, illustrating the disconnect between
reported MP and UHR cases. Two of the UHR cases we attempted to exhume in 2016 were unknown Black children. Neither were in the reported
graves upon exhumation and currently their skeletal remains are “lost.” It was further discovered that one female child had never been in the missing
persons system despite police reports about her disappearance in 1984.

The results of this project also establish areas for further investigation that will be addressed in the presentation such as locating John/Jane Doe graves
in unmarked cemeteries; the need for vital statics to provide death certificate data on burial locations, the use of facial reconstructions to engage the
public for generating investigative leads, and the occurrence of undocumented UHR located in university research and teaching collections.

Cold Case; Identification; Missing Persons
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A65 The East Marshall Street Well Project: Community-Driven Research to Restore Identity and Dignity

Tal Simmons*, Virginia Commonwealth University, Richmond, VA

Learning Overview: After attending this presentation, attendees will understand the role of descendant communities in providing direction, guidance,
and oversight to humanitarian forensic research concerning recent historical remains. Community engagement objectives and preliminary results of the
project will also be discussed.

Impact Statement: This presentation will impact the forensic science community by raising awareness of the need not only to consult and engage with
but also be guided by descendant communities when conducting research with humanitarian objectives.

During construction of a new building on the Virginia Commonwealth University (VCU) medical campus in 1994, a brick-lined well, or anatomical
sink, was discovered containing human remains. The university president gave archaeologists a single weekend to remove the deposits with a backhoe
and retrieve the remains. Archival research indicates that these individuals most likely were grave-robbed from local cemeteries of enslaved Africans
and paupers (ca.1840-1860) by resurrectionists, used at the medical school for anatomical dissection and amputation practice, and subsequently
discarded in the Well. In 1994 when the Well was rediscovered during construction, VCU did not comply with the law and had the remains hurriedly
removed with a backhoe over a weekend, never filed the appropriate paperwork with the Virginia Department of Historical Resources, and shipped the
remains to the Smithsonian for analysis—all without the knowledge of the local community. The community only became aware of what had occurred
in 2011, with the screening of a film (Until the Well Runs Dry: Medicine and the Exploitation of Black Bodies) by Dr. Shawn Utsey, of VCU’s African
American Studies department.! VCU then began a program of community consultation concerning what should be done with the Ancestral remains.

Published analyses (2012) by anthropologists from the Smithsonian Institution’s Museum of Natural History determined that there were a minimum of
54 individuals, including nine children under the age of 16 years, primarily of African ancestry.> As awareness in the community grew, the Family
Representative Council (FRC) was established in 2015 to stand in for the descendant community and set research, memorialization, and interment
goals for the Ancestral Remains.® After some seven years of ongoing community consultations, the skeletal remains of the Ancestors from the East
Marshall Street Well (EMSW) were returned to Richmond in 2019 and VCU’s Forensic Anthropology Laboratory in 2022; DNA analysis to re-associate
the bones into individuals and to establish their ancestry, phenotype, and relationship to people living in the community today is ongoing. This
presentation will explore the ethical treatment of human remains, the agency of the community in determining the fate of the Ancestral remains, and
the community’s oversight of the research and involvement of scientists. The session will also present the results of the research thus far and the
continuing goals of the project. Additional community engagement has occurred in the form of an “Ethical Treatment of Human Remains” curriculum
for high school students, which was piloted to two Richmond Public Schools in the spring of 2023.

Over 1,000 commingled bones were recovered from the EMSW, of which approximately half are being sampled and analyzed for DNA in order to re-
associate them to form as complete individuals as possible; ribs, vertebrae, and patellae were excluded from sampling, as well as clavicles that were
previously subjected to unauthorized isotopic sampling. Method development enabled the DNA sampling to be restricted to a 40mg bone powder
sample obtained using a Dremel® tool with a diamond bit. Although the work is still ongoing, results from comparisons of (1) anthropological pair
matching with bone-to-bone DNA matching and (2) anthropologically determined population affinity and genetically determined ancestry will be
discussed. In addition, phenotype estimates from the genotypes obtained will be discussed. Current work involves using mitochondrial DNA (mtDNA)
to both understand the diverse ancestry of the current community and attempt to relate individuals living today to those ancestors recovered from the
EMSW.

References:

I Utsey, S (2011) Until the Well Runs Dry: Medicine and the Exploitation of Black Bodies. (Ed. T Raviotta) A Truth be Told film produced by the
VCU Department of African American Studies https://www.youtube.com/watch?v=SmV3N_fhOJs.

2 Owsley, DW and Bruwelheide, K (2012) Artifacts and Commingled Skeletal Remains from a Well on the Medical College of Virginia Campus:

Human Skeletal Remains from Archaeological Site 44HE814. https://scholarscompass.vcu.edu/arch001/4/.

https://emsw.vcu.edu/recommendations/.
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A66 Mapping Medicolegal Disparities and Indigenizing Harm Reduction Strategies for Missing and Murdered
Indigenous Persons in Idaho

Juliette Bedard*, Idaho State University, Pocatello, ID; Samantha H. Blatt, Idaho State University, Pocatello, ID; Patricia N. Morales Lorenzo, Idaho
State University, Pocatello, ID; Trace Miles, Idaho State University, Pocatello, ID, Bailey Bates, Idaho State University, Pocatello, ID; Jake R. Shields,
Idaho State University Department of Anthropology, Meridian, ID

Learning Overview: After attending this presentation, attendees will better understand the intersectional factors of the Missing and Murdered
Indigenous Persons (MMIP) crisis in North America. Attendees will be able to incorporate factors such as social services and health care support via
Geographic Information Systems (GIS) mapping in order to assess the vulnerabilities, resource needs, and cultural knowledge fundamental to finding
solutions in MMIP cases.

Impact Statement: This presentation will impact the forensic science community by offering strategies for collating and contextualizing MMIP cases
through the incorporation of Indigenous cultural knowledge, public health theory, and culturally informed harm-reduction strategies.

Indigenous persons are disproportionately reported as missing or unidentified, necessitating a specialized response. In Idaho, Indigenous peoples
account for 3.38% of the total missing persons entries, compared to 1.76% of total entries nationwide, and in proportion to their population, are 2.1—
10 times more likely to go missing.! These numbers likely misrepresent the true nature of the crisis due to the unknown number of cases that go
unreported or unentered into databases.! Inconsistencies in reporting and lack of collaborative efforts among law enforcement and forensic practitioners
with tribal leaders precludes culturally specific strategies and preventative measures.”

Since there is no national unified system for the reporting of missing/unidentified persons, nor a federal mandate for law enforcement to compile their
data centrally, databases are often incomplete, decentralized, inconsistent, challenging to access, and understaffed. None have standards to collect tribal
data and lack the inclusion of relevant socioeconomic data that could allow a contextualized analysis. Jurisdiction also impacts reporting and resources
for MMIP cases, as tribal police may engage in their own data collection (often with few resources). Further, in regard to Indigenous stakeholders, there
is consensus that policy or law enforcement definitions of “missing persons” lack cultural/communal understanding, leading to mistrust, inter/multi-
agency miscommunication, under-resourced tribal dispatches, and a lack of culturally appropriate services to Indigenous victims and families.'-* All of
these factors fail to support the data collection needed for longitudinal/trend analysis necessary for guiding community-specific action.?3

To illustrate the potential of contextualizing MMIP data, this study presents a GIS database and map of MMIP in Idaho. Data are compiled from open-
source databases such as Idaho Missing Persons Clearinghouse, the National Missing and Unidentified Persons System (NamUs), National Center for
Missing and Exploited Children (NCMEC), the Charley Project, LGBT+ Accountability for Missing and Murdered Persons (LAMMP), and the DNA
Doe Project. These repositories include demographic and individualizing information, city of origin, and last known location. A map is developed using
MMIP geographic markers (last known location, location of unidentified remains) and overlaying polygonal census/health data.

This presentation demonstrates spatial patterning of missing persons and correlates that to three different factors of vulnerability; specifically, the
visibility of the area, population size, and law enforcement presence all factor into the rate of missing persons. The rate of missing persons is contextual
depending on county resources: counties with the highest presence of law enforcement also hold the most missing person cases, while other counties
are among the lowest for population and have some of the highest rates of missing persons These results show the correlation between social services
and social vulnerability in that certain factors predispose individuals of marginalized groups to experience colonial violence, racism, and discrimination,
which are the foundation of the MMIP crisis. Finally, Indigenized harm reduction strategies are proposed by combining these multi-layered data with
Indigenous ways of knowing.2-33

References
Fillmore, M. L., Gillespie, L. K., Growette Bostaph, L. M., King, L. L. and Gilbert S. L., 2021. HCR33 Report: Idaho’s Missing & Murdered
Indigenous Pervonv Submitted to the Idaho Legislature, September 30, 2021.

2 Sattler, D.E., Mercer Kollar, L.M., O’Gara, D. 2021. American Indian and Alaskan Native Knowledge and Public Health for Primary Prevention

of Missing or Murdered Indigenous Persons. Department of Justice Journal of Federal Law and Practice, 69(2), 149-188.

Dell, C., Lyons, T. 2007. Harm reduction policies and programs for persons of Indigenous descent. Harm Reduction for Special Populations in

Canada, Canadian Centre on Substance Abuse. Retrieved from: https://www.addictionresearchchair/wp-content/uploads/HarmReduction-

Policies-and-Programs-for-People-of-Aboriginal-Descent.pdf.

4 Gilbert, S.L., Nystrom, A., Branscum, C.C., Richards, T.N., and Wright, E.M. 2023. Native Missing Persons Cases Will Not be Solved by Police
Alone: The Case for “Missing Persons Advocates.” Journal of Interpersonal Violence, 38(17-18), 10333-10359.

> Gordon, H.S.J. and Roberts, T.W.M. 2021. Missing and Murdered Indigenous People: Culturally Based Preventative Strategies. Department of
Justice Journal of Federal Law and Practice, 69(4), 47-70.
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A67  The Validity of Radiographic Comparisons: Preliminary Findings by Body Region

Jennifer F. Byrnes*, University of Nevada, Las Vegas, Las Vegas, NV; Timothy P. Gocha, Forensic Anthropology Center at Texas State, San Marcos,
TX; Emma M. Giacomello, Texas State University, Huntsville, TX; Taylor M. Flaherty, University of Nevada, Las Vegas, Henderson, NV; Alan
Farahani, Sciscope Solutions, Portland, OR; Amanda Dolan, University of Nevada, Las Vegas, Las Vegas, NV; SaMoura Horsley, University of
Nevada, Las Vegas, Henderson, NV; Thomas J. Monticello, University of Nevada, Las Vegas, Las Vegas, NV; James R. Sernas, University of Nevada
Las Vegas, Las Vegas, NV; Mariah E. Moe, Texas State University, Schertz, TX; Tessa M. Herbert, Texas State University, Kyle, TX;

Learning Overview: By attending this presentation, attendees will learn which anatomical regions are more challenging to use for radiographic
comparisons based on the preliminary results of an experimental study. Attendees will also learn how many concordant points are more predictive of
positive identification by anatomical region and the effects of specific categories on the probability of positive identification.

Impact Statement: This presentation will impact the forensic science community by addressing a substantial gap in best practices in positive
identification via radiographic comparisons. We will present preliminary predictive statistical models used to assess the validity of identifications from
radiographic comparisons.

Forensic anthropologists are often called upon to assist with personal identification, many times using antemortem radiographs of a decedent as a
reference. Radiographic comparisons are quick, easy, inexpensive, have broad utility, and are therefore commonly employed for positive identification.
Moreover, radiographic comparison is considered a basic competency, expected of forensic anthropologists who are certified by the American Board
of Forensic Anthropology. However, relatively little empirical research has been conducted on the reliability and validity of such analyses. This research
gap creates a problem of objectivity for radiographic identification, particularly when it needs to be defended in court. Radiographic comparisons can
be performed on any region of the body that contains mineralized tissue or bone and that has an antemortem image from the suspected decedent. The
accuracy of radiographic comparisons is critical because they are used to make positive identifications in forensic cases and may be the only evidentiary
means by which to make such an identification. However, the validity and reliability of these common methods have yet to meet the Daubert guidelines
and National Academy of Sciences (NAS) report recommendations. Validity has only been demonstrated for specific regions of the body (e.g., AP
chest). A more standardized, objective protocol and robust methodological approach to radiographic comparisons are required. In this presentation, we
present preliminary results of the validity of radiographic comparisons as they pertain to predictive accuracy based on anatomical location and number
of features using an experimental approach.

We generated a large dataset from a contemporary sample of radiographic data via partnership of the University of Nevada, Las Vegas (UNLV); Clark
County Office of the Coroner/Medical Examiner (CCOCME); and Forensic Anthropology Center at Texas State University (FACTS). We used two
means to collect radiographs: (1) archived case files from CCOCME from individuals identified using radiographs, and (2) whole-body donations at
FACTS. We hypothesized that unique human skeletal morphological variation is sufficient to produce valid personal identifications and the
identification probability can be calculated, regardless of the anatomical location being used. Over two years, ten participants of varying levels of
experience and education each conducted nearly 500 radiographic comparisons of sex-matched image sets grouped by seven anatomical locations (AP
skull, AP chest, AP elbow, AP hand/wrist, AP lumbar and pelvis, AP knee, and lateral foot) to identify correct matches. Participants were given basic
introductions to radiographic comparisons and the comparison interface. They were instructed to identify as many concordant points as they deemed
sufficient to make a confident match. The concordant points were divided into four categories: (1) normal anatomy, (2) developmental anomaly, (3)
pathological, and (4) surgical. Ten percent of the sets presented to the participants were non-match sets.

Preliminary data were analyzed using a generalized logistic mixed-effects model to identify the factors that were most likely to predict an accurate
identification. Results indicate that the minimum number of concordant points necessary to increase the probability of a positive identification is
statistically significantly moderated by minimum education attained and anatomical region. Across participants and regardless of education level, the
AP chest was statistically significantly the most difficult region for comparisons. In addition, participants who used more than one identificatory
category (e.g., normal anatomy) statistically increased the probability of a match, as were those who used a minimum of ten points of concordance.
The effect of specific identificatory categories on comparison predictive success will be discussed. Finally, these preliminary results indicate that
continued exposure to radiographic comparisons improved mean accuracy rates over time for all body regions except for AP chest. These results will
be used to highlight recommendations for radiograph best practices, minimum education, and training.

X-Ray; Validation; Positive Identification
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A68 A Part-to-Part Comparative Analysis to Assess Intra-Individual Similarity and Inter-Level Distinctions for
Personal Identification

Summer J. Decker®, Department of Radiology, University of South Florida, Tampa, FL; Daniel W. Martin, Department of Radiology, University of
South Florida, Tampa, FL; Jonathan M. Ford, Department of Radiology, University of South Florida, Tampa, FL; Guy Rutty, East Midlands Forensic
Pathology Unit, Leicester, England; Zackery Beauchamp, Department of Radiology, University of South Florida, St. Petersburg, FL

Learning Overview: After attending this presentation, attendees will have gained a deeper understanding of the utilization of the lumbar vertebrae
from Antemortem and Postmortem Computed Tomographic (AMCT and PMCT) scans for personal identification and the limitations of using cross
lumbar level comparisons.

Impact Statement: This presentation will impact the forensic science community by providing a cross-level lumbar vertebral comparison for personal
identification. Our previous work has shown the reliability of part-to-part comparison on accurately identifying individuals based on their L1-L5 lumbar
vertebrae with promising results showing no false positives and no false negatives.! The current study examines the cross-level reliability of comparing
the different lumbar levels.

In the field of forensic anthropology and medicolegal death investigations, the accurate identification of human remains is of paramount importance.
As part of a personal identification project sponsored by the National Institute of Justice (N1J 2019-DU-BX-0031), the authors examined the utilization
of lumbar vertebral models from AMCT scans and the comparison of those models to PMCT scans. That study strictly compared vertebrae from the
same lumbar levels, with all lumbar level 1 (L1) vertebraec compared to only other L1s continuing through the LS5s. However, in the event of mass
disasters or discovered remains, it is common for bones to be found ex sifu or even individually scattered about the scene. In this comparative analysis,
we delve into the utilization of AMCT and PMCT scans to discern if individual variations across lumbar levels can be leveraged to aid in the
identification of human remains in forensic scenarios.

Thirty-seven paired AM and PM de-identified thoraco-abdominal CT scans were imported into the Mimics® Innovation Suite v. 24. The L1-L5 vertebrae
of each subject were isolated and modeled via hand-segmentation and thresholding. The AM L1 of all subjects were compared against all the L2-L5
vertebra of all the PM scans using part-to-part comparison. A threshold of +/- Imm was set for the analysis. This process was conducted for every
lumbar level where every AM vertebra was compared against every PM L1-L5 vertebrae. A match-ratio was recorded for each analysis, which resulted
in over 27,000 unique data points.

A Receiver Operator Curve (ROC) was calculated for every comparison. The Area Under the Curve (AUC) for AM L1 against PM L2, L3, L4 and L5
was 0.928, 0.775, 0.643 and 0.608, respectively. The AUC for AM L2 against PM L1, L3, L4 and L5 was 0.927, 0.923, 0.716 and 0.612, respectively.
The AUC for AM L3 against PM L1, L2, L4 and L5 was 0.88, 0.974, 0.909 and 0.714, respectively. The AUC for AM L4 against PM L1, L2, L3 and
L5 was 0.751,0.753, 0.895 and 0.814, respectively. The AUC for AM L5 against PM L1, L2, L3 and L54 was 0.696, 0.637, 0.665 and 0.79, respectively.

The study’s findings, measured through the AUC values, demonstrated the potential of cross-level lumbar vertebrae comparison for personal
identification. Notably, the AUC values for different vertebrae comparisons indicated varying degrees of accuracy, with some pairs showing high
discriminatory power (e.g., AM L3 against PM L2, L4, and L5), while others exhibited lower discriminative ability (e.g., AM L1 against PM L4 and
L5). Overall, the results highlight the potential of lumbar vertebrae in forensic human identification, with the highest accuracy observed in the
comparisons between AM L3 and PM L2, L4, and L5. Notably, lumbar levels were most similar to their adjacent neighbors. With L3 being the most
“central” vertebrae, it had an overall higher match to L2, L4 and L5. L1/L2 matches strongest with each other with L1 and L5 matching the least.
However, as each comparison had an AUC higher than 0.5, which signifies that even at the worst values, the match is still greater than chance and
significant.

In conclusion, the study’s findings demonstrate the accuracy of cross-level lumbar vertebrae comparisons for personal identification. The highest
discriminatory power was seen in the comparisons between AM L3 and PM L2, L4, and L5, highlighting the significance of the central vertebrae (L3)
in matching with its adjacent neighbors. Moreover, the results demonstrated that even at their lowest values, the matches still surpassed chance,
reinforcing the robustness of using lumbar vertebrae for identification purposes.

Reference:

I J Ford, G Rutty, Z Beauchamp, D Martin, M Biggs, S Decker. Personal Identification Using Part-to-Part Comparison of the Lumbar Vertebra
From Antemortem and Postmortem Computed Tomographic (AMCT and PMCT) Scans. International Society of Forensic Radiology and Imaging
12" World Congress. Toulouse, France May 2023.
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A69  Automated Comparative Chest Radiography Using Deep Neural Networks

Carolyn V. Isaac*, Michigan State University, East Lansing, MI; Redwan Sony, Michigan State University, East Lansing, MI; Alexis L. VanBaarle,
Michigan State University, East Lansing, MI; Joe T. Hefner, Michigan State University, East Lansing, MI; Clara J. Devota, Division of Human
Anatomy, Michigan State University, East Lansing, MI; Todd Fenton, Michigan State University, East Lansing, MI; Arun Ross, Michigan State
University, East Lansing, MI

Learning Overview: After attending this presentation, attendees will be familiar with machine learning techniques based on deep neural networks
applied to the task of comparing chest radiographs (N=2,753) for identification purposes.

Impact Statement: This presentation will impact the forensic science community by addressing a significant gap in current methodological approaches
to positive identification, particularly levels of subjectivity encountered when performing comparative medical radiography.

When assisting in decedent identification, forensic anthropologists use several approaches, including passive approaches leading to identification (e.g.,
bioprofile) and more active efforts linking an antemortem record from a tentative identity to the postmortem record of the decedent. Many “active”
methods lack quantification, automation, or standardization. In most cases, analysts identify features of concordance (or discordance) in a point-by-
point comparison between antemortem and postmortem records to support or refute the identification decision. While such comparisons have withstood
the test of time, advancing methods to increase the accuracy, effectiveness, and efficiency of decedent identification is essential to the goals of
medicolegal death investigation. One facet of innovation is quantifying how human examiners recognize radiographs from the same individual; another
equally important facet is assessing the uniqueness of radiographic features and the specific areas of focus used by human examiners when making an
identification.

To investigate this, 2,753 anonymized chest radiographs representing 680 individuals were compiled from the National Institutes of Health (NIH) Chest
X-Ray Database and casefiles from the Michigan State University Forensic Anthropology Laboratory. This dataset will advance comparative medical
radiographic identifications by providing probabilistic estimates for the confidence of matches and automate the comparison process. To that end, the
dataset was divided into training (N = 1,498) and testing (N = 1,255) samples. Images were temporally organized, with earlier radiographs used for
training and radiographs taken at a later date reserved for testing. This approach ensures effective learning and accurate assessment by the models.

To prepare the dataset, four Regions Of Interest (ROIs) were digitally annotated in each radiograph: (1) thoracic vertebrae one through five; (2) complete
vertebral column; (3) clavicles; and (4) the entire radiograph. Deep learning classification models were developed using three Convolutional Neural
Networks (CNNs): ResNet, DenseNet, and EfficientNet architectures with different hyperparameters.’-* A closed-set identification protocol was
employed (i.e., for each test image [single radiograph], other images corresponding to the same identity were present in the training set). The models
were trained using images in the training set. During the evaluation stage, each test image was input to a model, and the output consisted of a ranked
list of matching identities with corresponding confidence scores. The results of the initial models are promising. Using only a single ROI, the DenseNet-
169 model had the best performance, correctly identifying 74.42% of the test samples using the T1-TS region. When using the complete vertebral
column, EfficientNet-B3 outperformed other models, with an identification accuracy of 73.71%. DenseNet-201 had an identification accuracy of
69.72% when using the clavicles only, and DenseNet-169 had an identification accuracy of 69.72% using the entire chest radiograph. When the
confidence scores of multiple ROIs (using multiple regions of a radiograph) were fused, the identification accuracy of both DenseNet-169 and
DenseNet-201 reached 80.00%. Interestingly, most models relied more heavily on the T1-T5 and vertebral column regions than the clavicles. The
DenseNet-201 model was able to identify 1,255 radiographs in 17 seconds with 74.42% accuracy, whereas trained human examiners need 30 to 60
hours to find a match from 1,000 radiographs but with 100% accuracy.*

Most of the current comparative medical radiographic techniques do not quantify the strength of evidence concerning a positive match. In this study,
two aspects were evaluated: (1) computed identification accuracies of multiple deep learning models tasked with reconciling potential matches in a
large sample of radiographs, and (2) areas in the chest radiographs utilized by these models to achieve those accuracies. Answering questions like these
requires considerable collaboration and a multidisciplinary approach. Our research team comprises experts in biometrics, skeletal morphology, machine
learning, and computer engineering, demonstrating the effectiveness of a multidisciplinary approach.

References:

I HeK, Zhang X, Ren S, Sun J. Deep residual learning for image recognition. Proceedings of the IEEE conference on computer vision and pattern
recognition. 2016;770-778.
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A70  Visual Comparisons of Frontal Sinus Radiographs: Documenting Accuracy and Exploring the Effects of
Experience

Heather M. Garvin*, Des Moines University, Des Moines, IA; Jessica L. Campbell, Campbell Forensic Anthropology, LLC, Winona, MN; Lauren
Butaric, Des Moines University, Des Moines, 14

Learning Overview: This presentation will provide results from a recent study in which forensic and medical practitioners were asked to evaluate
pairs of radiographic sinuses for matches. After attending this presentation, attendees will better understand the accuracy rate of radiographic frontal
sinus visual comparisons and the effects of training and experience on results.

Impact Statement: This presentation will impact the forensic science community by providing accuracy rates and a better understanding of factors
involved in radiographic frontal sinus comparisons. These data may be used to support forensic testimonies and develop future training sessions.

The use of frontal sinus radiographic comparisons for forensic identification is well known in medicolegal fields. Visual assessments are the most
commonly employed method, although several quantitative methods of sinus matching have been proposed in an attempt to decrease potential
subjectivity. In this study, we aimed to assess accuracy rates in visual comparisons of frontal sinus radiographs and to explore the effects of training
and experience on accuracy and confidence rates.

An electronic questionnaire was distributed asking participants questions about their education level, certifications, training, profession, and experience
in radiographic comparisons. This was followed by 25 pairs of frontal sinus radiographs of which participants were asked whether they believed the
two sinuses came from the same individual and to rate their confidence level (1-10). The radiographs were obtained from the American Association
of Orthodontists Foundation (AAOF) Craniofacial Growth Legacy Collection. Of the 25 pairs, observers were presented with 18 in which both
radiographs were from the same adult individual but taken a year or more apart. Radiographs were cropped to only display the frontal sinus so other
craniofacial information would not play into observer decisions. Seven pairs had sinuses from two different individuals. These “mismatched” pairs
were selected based on results from another on-going study, in which Elliptical Fourier Analysis (EFA) was used to quantitatively match sinuses of 128
individuals; the mismatched sinuses used in this study were ones EFA incorrectly assigned as a match. Consequently, the mismatched pairs presented
to observers should represent challenging mismatches. All radiographs presented were antemortem and taken in the mid-to-late 20" century, meaning
the presence of soft tissue and radiographic quality also made the comparisons challenging.

In total, 145 complete responses were received. Respondents included professionals and students in forensic and medical disciplines. Even with 65%
reporting zero previous experience conducting radiographic comparisons, 89.9% (94.5% median) of the total comparisons (n=3,625) were scored
correctly. Eighty-three respondents (57%) scored 92% or better (of those 29 scored 100%). Experience, training, and specialties were shown to affect
results. The highest percent-correct scores were found among forensic odontologists (n=3; 98.7% accuracy) and forensic pathologists (n=3; 96%
accuracy). Among forensic anthropologists, board-certified individuals scored significantly higher (95.8%; n=20) than those not certified (91.4%; n=28)
(p=0.031). A significant positive Spearman correlation was found between an observer’s accuracy and their average confidence level (p<0.001;
7=0.754). Incorrectly scored radiographs were biased toward wrongly excluding a match (12.6% of matches erroneously reported as mismatches; 3.6%
of mismatches erroneously reported as matches). It appears that slight differences in orientation played a role in the two lowest-performing radiographic
pairs. Visual assessment of frontal sinus pairs also outperformed preliminary results from the quantitative outline analyses, given that practitioners can
better evaluate explainable differences and internal features such as septa. These results confirm that visual comparisons of frontal sinus radiographs
are highly accurate, even considering varied experience levels and less-than-ideal radiographic parameters. Training and experience are recommended
to obtain the highest accuracy rates given forensic implications of erroneous personal identifications.

Anthropology; Positive Identification; X-Ray
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A71  Investigating Variation in Trabecular and Cortical Bone Structure Due to Mobility Impairment: A Natural
Experiment in Reduced Loading

Devora S. Gleiber*, Harris County Institute of Forensic Sciences, Houston, TX

Learning Overview: The goal of this presentation is to discuss how mobility impairment is reflected in the trabecular and cortical bone of the upper
and lower limb bones. Attendees will come away with an in-depth view of how bone responds to disuse due to reduced mobility, the utility of micro-
Computed Tomography (micro-CT) imaging in such a context, and the implications this research has for identifying mobility impairment in the forensic
context.

Impact Statement: This presentation will impact the forensic science community by demonstrating the utility of micro-CT imaging and bone
microstructure analyses in assessing individualizing conditions such as mobility impairment. Since vulnerable populations, such as persons with
physical disabilities, are often those most subject to violent crimes and thus more likely to show up in the forensic context, being able to recognize and
diagnose mobility impairment can contribute toward identification of human remains.

Bone is a dynamic tissue that responds to changes in loading regime by increasing or decreasing in mass and adjusting the architecture. Since mechanical
usage influences trabecular architecture and cortical density, reduced ambulatory ability should be reflected in the trabecular structure and cortical area
of the limb bones. This research examines the effects of reduced loading on human bone by quantifying long bone trabecular and cortical bone structural
variation associated with mobility impairment. Both left and right femora and humeri of 69 mobility-impaired individuals and one side of the sex- and
age-matched fully mobile individuals were imaged using high-resolution computed tomography. Image stacks were processed to produce binary images
and trabecular thickness and spacing maps. Trabecular architecture was quantified using multiple geometrically homologous spherical Volumes Of
Interest (VOIs) positioned within each joint head for which Bone Volume fraction (BV/TV), Trabecular Thickness (Tb.Th), and Trabecular Spacing
(Tb.Sp) were extracted. In addition, these VOIs were used to create maps of average Tb.Th and BV/TV values across the joint surface to view consistent
patterns. Single spherical central VOIs were also extracted from each joint head for assessment of variation level captured within a single, more easily
reproducible region. Results demonstrate that mobility-impaired individuals have significantly less Tb.Th and BV/TV and greater Tb.Sp. than the fully
mobile individuals. Amount of time of impairment and impairment types were investigated with varied results, indicating an individualized response
to bone loss due to impairment. Cortical bone area and geometry were quantified using BoneJ with results indicating that mobility-impaired individuals
have less cortical area in all directions.

The results of this study demonstrate that the lack of biomechanical burden on mobility-impaired individual femora is reflected in their trabecular
structure and cortical bone with more varied results in the humeri, depending on the impairment type. This research helps to improve our understanding
of bone functional adaptation, especially as associated with disuse. Furthermore, the results of this research have implications for identifying and
diagnosing mobility impairment in the forensic context for purposes of identification.

Bone; 3D Technology; Anthropology
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A72  Facial Photo-Anthropometry for the Exclusion of Candidates Under Non-Restrictive Photographic
Conditions

Pilar Navarro, Panacea Cooperative Research, Granada, Spain; Valentino Lugli, Panacea Cooperative Research, Granada, Spain; Andrea Valsecchi,
Panacea Cooperative Research, Capoterra, Italy; Maria A. Guativonza, Panacea Cooperative Research, Granada, Spain; Verénica Martinez, Panacea
Cooperative Research, Granada, Spain; Guillermo Ramirez, Panacea Cooperative Research, Granada, Spain; Oscar Ibdiiez Panizo*, Faculty of
Computer Science, CITIC, University of A Coruiia, La Corufia, Spain; Rosario Guerra Marti, Panacea Cooperative Research, Granada, Spain,
Inmaculada Aleman, Physical and Forensic Anthropology, University of Granada, Granada, Spain;

Learning Overview: After attending this presentation, attendees will be informed about the real potential of photo-anthropometry in forensic facial
comparison. This presentation shows that a sophisticated comparison method can reliably exclude a large number of candidates under realistic
photographic scenarios, and even more so when augmented using artificial intelligence.

Impact Statement: This presentation will impact the forensic science community by changing the status of photo-anthropometry in the field of forensic
facial comparison, turning a technique that was considered hardly applicable into a reliable and effective approach to the filtering of multiple candidates.

Photo-anthropometry is a facial image comparison technique where measurements of the face are taken from an image using facial landmarks. Both
measurements and ratios between them, called “Dimensions and Proportionality Indices” (DPIs), are compared against DPIs from another facial image.
Multiple studies concluded that simple photo-anthropometric facial comparison is suitable for elimination only in the unlikely circumstance that both
images are acquired under the very same facial pose, expression, and camera parameters.1,2 However, a recent study by Martos et al. demonstrated the
usefulness of DPIs when using a more sophisticated approach.3 The authors developed a series of formulas that, using the DPIs from a photo, allowed
them to predict the corresponding DPIs of the 3D face of the subject of the picture. These predicted DPIs can then be compared against those of a
candidate to determine compatibility. In their experimental study, the method was able to exclude 57% of the negative candidates while, critically,
retaining all positive ones.

The study by Martos et al. provides proof of concept of their novel approach but suffers from important limitations. The number of subjects involved
was only 30. With respect to the prediction of DPIs, the authors tested only one simple linear approach. This study is meant to address these limitations.
We employed facial 3D scans from 122 subjects, from which we simulated 500 photographs each, for a total of 61,000 images. In addition to linear
regression, we compared several modern regression techniques from the field of Machine Learning and Artificial Intelligence. Also, we studied the
effect of several factors that were not included in the original study, such as the different photographic setup, availability of information about the image
(e.g., metadata), and lack of visibility of certain landmarks due to occlusion.

Our experimental study validates the approach and measures its effectiveness in a variety of realistic scenarios. Positive cases are always retained as
required, while the filtering of negative cases varies between 45% and 69%. This shows the technique is viable and leads to a substantial reduction of
the number of candidates in the comparison.

References:

I K.F.Kleinberg, P. Vanezis, and A.M. Burton. Failure of anthropometry as a facial identification technique using high-quality photographs. Journal
of Forensic Science, 52:779-783, 2007. 11.

R. Moreton and J. Morley. Investigation into the use of photoanthropometry in facial image comparison. Forensic Science International, 212:231—
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R. Martos, A. Valsecchi, O. Ibaiiez, I. Aleman. Estimation of 2D to 3D dimensions and proportionality indices for facial examination. Forensic
Science International, 287:142-152, 2018.
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A73  Correlations of Facial Soft Tissue Thicknesses with Craniometric Dimensions to Improve Craniofacial
Identification Estimates: Fact or Fiction?

Te Wai Pounamu Telena Hona*, Laboratory for Human Craniofacial and Skeletal Identification (HuCS-ID Lab), School of Biomedical Sciences, The
University of Queensland, Brisbane, Queensland, Australia; Carl Stephan, Laboratory for Human Craniofacial and Skeletal Identification (HuCS-1D
Lab), School of Biomedical Sciences, The University of Queensland, Brisbane, Queensland, Australia

Learning Overview: After attending this presentation, attendees will understand that craniometric dimensions are only weakly correlated with Facial
Soft Tissue Thicknesses (FSTTs) and not strongly enough for practically useful improvements in estimates of soft tissue thicknesses above arithmetic
means in craniofacial identification casework.

Impact Statement: This presentation will impact the forensic science community by debunking the popularly held (but erroneous) notion that linear
regression and craniometrics can be used to produce superior facial soft tissue estimates that outperform arithmetic means in casework.

Regression approaches that estimate the FSTTs from an individual’s craniometric dimensions have been posited to boost the accuracy of craniofacial
identification methods.! While alluring in principle, the method ultimately depends on strong correlations between craniometrics and FSTTs—but these
have not been robustly observed or elucidated in prior research.!? For example, Simpson and Henneberg’s original concept paper employs
approximations of craniometric values (rather than direct measurements) and uses statistical corrections in attempt to remove substantial noise from
the data (and boost strength of associations).! Subsequently, the practical utility of a regression approach is presently unconfirmed and would benefit
from a decisive test using medical imaging methods where craniometric and FSTT values can both be directly measured and assessed without statistical
corrections.

This study uses Magnetic Resonance Imaging (MRI) to directly measure craniometrics and FSTT in 38 adult Australian cadavers (24 males and 14
females, aged 66 to 99 years) to examine their correlations and utility for regression. The measurement of cadavers was strategic to enable Simpson
and Henneberg’s protocols to be repeated in the very same heads for comparison to the MRI data.! Seven craniometric dimensions and 13 FSTT
measurements (8 median and 5 bilateral) were taken for each individual using each method. MR measurements were taken using Osirix® v4.1.2 from
T1-weighted MRIs taken at 0.8mm slice thickness, 256mm FoV, 6.2ms Repetition Time (TR), 2.3ms Echo Time (TE) with a 3T MRI (Magnetome
Prismaft, Siemens). After MRI scanning, the very same heads were measured by the needle puncture method and craniometric dimensions approximated
per Simpson and Henneberg’s protocol whereby soft tissue over the craniometric landmarks was compressed by manual pressure exerted by spreading
GPM® calipers.! Pearson Product Moment Correlation Coefficients (r) between FSTTs and craniometric dimensions were calculated for both
approaches and standard errors of the estimates calculated. Simpson and Henneberg’s linear regression models were applied to both MRI and manually
acquired data.! Standard errors of the regression estimates were additionally compared to those obtained using data means for both this sample and the
2023 T-Table. All data analysis was performed in Statistical Program for Social Sciences (SPSS, version 28) and Microsoft® Excel® 2013.

Across both MRI and manually acquired data, craniometric dimensions exhibited weak correlations with FSTTs with r ranges from -0.41 to +0.31
(mean r across landmarks was -0.1<r<+0.1). The application of Simpson and Henneberg’s regression models to the MRI and manually acquired data
of this study yielded higher FSTT estimation errors than those originally reported by Simpson and Henneberg’s (Sest increased by a grand mean value
of 3mm).! This study’s means for MRI and manually acquired data, when used as FSTT estimators, consistently outperformed Simpson and Henneberg’s
linear regression models (MRI mean Sest = 3.3mm vs. regression model = 3.8mm and manual mean Sest = 3.5mm vs. regression model = 5.5mm).
These findings contrast the common belief that craniometric-based regression models provide superior FSTT estimates, especially in comparison to
arithmetic means. Craniometric measurements acquired by MRI were different to caliper compression methods (per Simpson and Henneberg’s protocol)
at statistically significant levels (Bonferroni adjusted, paired Student’s t-test, p <0.005).

This MRI study demonstrates that FSTTs are only weakly correlated with craniometric dimensions. The small r values observed in this study do not
justify the calculation of regression models from craniometrics for FSTT estimation, not even when the craniometrics are directly measured from the
MRI scans to remove any residual soft tissue components.

References:

I Simpson, E. and M. Henneberg, Variation in soft-tissue thicknesses on the human face and their relation to craniometric dimensions. American
Journal of Physical Anthropology, 2002. 118(2): p. 121-133.

Stephan, C.N. and E. Sievwright, Facial soft tissue thickness (FSTT) estimation models—and the strength of correlations between craniometric
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A74  Facial Soft Tissue Thickness and the Positional Relationship of Hard and Soft Tissue in a United States
Postmortem CT Sample, the New Mexico Decedent Image Database (NMDID)

Rosario Guerra Marti, Panacea Cooperative Research, Granada, Spain; Maria A. Guativonza, Panacea Cooperative Research, Granada, Spain;
Oscar Ibaiiez Panizo*, Faculty of Computer Science, CITIC, University of A Coruiia, La Corufia, Spain; Andrea Valsecchi, Panacea Cooperative
Research, Capoterra, Sardegna, Italy; Veronica Martinez, Panacea Cooperative Research, Granada, Spain; Guillermo Ramirez, Panacea Cooperative
Research, Granada, Spain; Enrique Bermejo, University of Granada, Granada, Spain; Fernando Navarro, University of Granada, Granada, Spain;
Inmaculada Aleman, Physical and Forensic Anthropology, University of Granada, Granada, Spain; Alejandro Manzanares, Panacea Cooperative
Research, Ponferrada, Castilla y Leon, Spain; Antonio David Villegas, Panacea Cooperative Research, Ponferrada, Castilla y Leon, Spain

Learning Overview: After attending this presentation, attendees will have learned about our newly developed semi-automated methodology for
extraction of facial soft tissue depth and direction values. Using Computed Tomography (CT) medical images, we have trained algorithms to extract
both facial and cranial 3D models through segmentation. Next, we have automated the placement of both cephalometric and craniometric landmarks,
which results in a series of X, y, and z coordinates for each of the cephalometric and craniometric landmarks. We computed the statistical distribution
of the depth and direction vector for each pair of cephalometric-craniometric landmarks. This semiautomated approach allows us to deal with
unprecedented amounts of data.

Impact Statement: This presentation will impact the forensic science community by presenting research that changes the field of craniofacial
identification by adding a new dimension: the study of the spatial relationship between bony and facial structures and its variability according to
population, sex, Body Mass Index (BMI), and potentially other biological profile characteristics. Preliminary research results within our research group
show radical improvement in the potential of positive identification using techniques such as craniofacial superimposition when incorporating this
information.

In this work, we present a novel methodology developed to study the spatial relationship between cranial landmarks and their facial homologues. Most
facial soft tissue depth studies have not addressed this spatial relationship between landmarks and its variability in different populations, sex, age, and
BMI groups. However, prior research in the area seems to indicate that this information could potentially improve the results in the application of
different craniofacial identification techniques, such as Facial Approximation and Craniofacial Superimposition. '

Our data consists of 800 anonymized Computed Tomography (CT) scans from the New Mexico Decedent Image Database, with an even distribution
among male and female individuals and with an age ranging from 20 to 60 years old.> From the CTs, we extract two 3D models using a segmentation
algorithm: one of the face using a given threshold of Hounsfield Units; another one of the skull with a higher threshold. At the same time, the algorithm
developed performs a clipping of the area of interest. Afterward, a different algorithm, trained with the input of several anthropologists, automatically
provides a number of cephalometric and craniometric landmarks for each model.* This results in a series of x, y, and z coordinates for each of the
landmarks, allowing the assessment of their relationships and variation. With all the 3D models aligned using the Frankfurt plane, we computed the
statistical distribution of the depth and direction vector for each pair of landmarks. Using this approach, we can observe how the thickness and positional
relationship of soft tissue in relation to the underlying bone varies with different factors such as BMI, age, or sex.

This methodological approach allows us to deal with unprecedented amounts of data and can ultimately be used to develop regression models capable
of estimating an individual set of 3D cephalometric landmarks for a given set of 3D craniometric ones.
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Ibafiez, O., Bermejo, E., & Valsecchi, A. (2023). Study on the identification limits of craniofacial superimposition. arXiv preprint
arXiv:2301.09461.

3. Edgar, HJH; Daneshvari Berry, S; Moes, E; Adolphi, NL; Bridges, P; Nolte, KB (2020). New Mexico Decedent Image Database. Office of the
Medical Investigator, University of New Mexico. doi.org/10.25827/5s8c-n515.
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A75  The Latest Advancements in Craniofacial Superimposition Using Artificial Intelligence

Praxedes Martinez, Panacea Cooperative Research, Granada, Spain; Pilar Navarro,Panacea Cooperative Research, Granada, Spain; Andrea
Valsecchi, Panacea Cooperative Research S. Coop., Sardegna, Italy; Rosario Guerra Marti, Panacea Cooperative Research, Granada, Spain; Maria
A. Guativonza, Panacea Cooperative Research, Granada, Spain; Valentino Lugli, Panacea Cooperative Research, Granada, Spain; Oscar Ibariez
Panizo*, Faculty of Computer Science, CITIC, University of A Coruiia, La Corunia, Spain; Pablo Mesejo Santiago, Department of Computer Science
and Artificial Intelligence, Granada, Spain; Sergio Damas, University of Granada, Granada, Spain; Verénica Martinez, Panacea Cooperative
Research, Granada, Spain; Guillermo Ramirez, Panacea Cooperative Research, Granada, Spain

Learning Overview: After attending this presentation, attendees will better understand Craniofacial Superimposition (CFES), the challenges involved
in its application, and the latest developments in the creation of accurate and robust automatic methods.

Impact Statement: This presentation will impact the forensic science community by detailing the design and validation of a novel skull-face overlay
method that is a significant improvement over the current state of the art. This means performing CFS can be performed automatically, with increased
precision and less subjectivity.

CFS is probably the most challenging skeleton-based identification method.!? It requires superimposing a Postmortem (PM) skull onto facial
Antemortem (AM) photographs, projecting the former onto the latter, in order to assess their anatomical consistency. Three stages can be distinguished
in the CFS process: (1) acquisition and processing of the skull and facial images, together with the localization of anatomical landmarks that usually
guide CFS; (2) Skull-Face Overlay (SFO), which focuses on achieving the best possible projection of the skull onto the AM facial image(s) of the
subject; and (3) decision-making to determine whether the skull belongs to the person in the photograph(s) or not.

In the past decade, researchers developed several computer algorithms to carry out the skull-face overlay process automatically by leveraging advances
in Computer Vision and Artificial Intelligence.’ However, subjectivity over the position of the anatomical landmarks and lack of specific knowledge
on the amount of the facial soft-tissue of the subject can lead to low-quality results. In this study, we aim to improve the SFO process by widening the
information employed by the automatic method beyond the location of the landmarks. This includes a statistical model of the facial soft-tissue as well
as information about the photograph, namely the focal distance, the subject-to-camera distance, and the overall facial pose. Moreover, the algorithm
uses the shape and positional relationship of the chin profile, while the overall profile of the skull is matched to that of the face.

Our experimental study involved a sample of computed tomography scans of 27 subjects. From each scan, we obtained a 3D model of the skull, and
we also simulated 10 frontal photographs and 10 lateral photographs, for a total of 540 images. Each photograph has been superimposed with all 27
skulls, for a grand total of 14,580 skull-face overlays. The results show a clear improvement over the current state of the art in terms of accuracy and
robustness due to the additional information involved in the process.

References:
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A76  Sex Estimation Methods in Forensic Anthropology: Current Practice and Trends

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

Learning Overview: The goal of this presentation is to inform attendees about the current state of skeletal sex estimation in forensic anthropology,
including practitioner preferences, reporting practices, and trends across time.

Impact Statement: This presentation will impact the forensic science community by reporting on the variation within the field for sex estimation from
the human skeleton.

Estimation of sex is generally the first step when constructing the biological profile of an unidentified individual, primarily because many of the other
biological profile parameter methods are sex-specific. However, method selection and reporting vary considerably across practitioners. An electronic
research survey was distributed to forensic anthropology educators, practitioners, and students to understand more about the methods used by forensic
anthropologists to estimate biological sex, as well as the factors that influence decisions regarding method selection. This survey (IRB# 2022-105)
asked demographic questions about each participant’s level of education and forensic anthropology casework experience and questions about sex
estimation methods. A total of 150 survey responses were collected, with 119 participants completing some or all of the questions analyzed in this
study.

Most respondents (93.3%) held a graduate degree in anthropology (MA, MS, or PhD), and 39.5% were American Board of Forensic Anthropology
(ABFA) diplomates. Nearly all respondents preferred to combine metric and morphological methods to estimate sex. A rank system was used (1=most
informative to 4=least informative) to rank skeletal regions by preference for sex estimation based on data type. For morphological methods, the pelvis
was overwhelmingly preferred as the best indicator of sex (average rank 1.1), followed by the skull (2.1), long bones (2.9), and other regions (4.0). For
metric methods, long bones were the most preferred skeletal region (1.7), followed by the skull (2.1), pelvis (2.2), and other regions (4.0). Participants
were also provided with ~25 methods and were asked to indicate the likeliness of using those methods (1=extremely unlikely to 5=extremely likely).
The most preferred sex estimation methods in order of average rating were FORDISC® (4.6), Klales et al. 2012 (4.4), MorphoPASSE (4.3), Walker
2008 (4.2), and Spradley and Jantz 2011(4.0).!- Respondents’ decision-making process for selecting a particular method for estimating sex is frequently
influenced by: (1) whether the method has been subjected to independent validation and error studies, (2) personal experience with the method, and (3)
the type of equipment needed. When using multiple methods to estimate biological sex and the methods do not agree, most respondents indicated that
they present the results from all methods utilized, but their final estimate is based upon their personal experience and general impression of the remains
(37.1%) or they give preference to methods using pelvic traits or measurements (35.1%).

The results from this survey were compared to a previous survey on sex estimation conducted by Klales 2013, with surprisingly similar results.®
FORDISC® and the three pubis traits (ventral arc, subpubic contour/concavity, and medial aspect of the ischio-pubic ramus) remained the most preferred
methods/traits; however, the Klales et al. 2012 and MorphoPASSE revisions have replaced Phenice 1969 as the more commonly preferred method
since the 2013 survey.>” Since the 2013 survey, more respondents have indicated that they prefer to use both metric and morphological methods,
rather than a preference being given to morphological methods when only one data type was used to estimate sex. Respondents also showed a high
likelihood of using a method that combined data from multiple skeletal regions. The current paucity of methods that combine both metric and
morphological data from multiple regions suggests opportunities for future method development.
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AT7  ATest of the Applicability of Decision Trees for Sex Estimation Utilizing an Expanded Suite of
Morphological Traits

Morgan J. Ferrell*, University of Central Florida, Orlando, FL; John J. Schultz, University of Central Florida, Orlando, FL; Donovan M. Adams,
University of Central Florida, Orlando, FL

Learning Overview: This presentation will discuss the utility of decision tree models for estimating sex from an expanded suite of morphological
traits of the skull. After attending this presentation, attendees will have a better understanding of the strengths and limitations of utilizing decision tree
models for sex classification of the skull.

Impact Statement: This presentation will impact the forensic science community by building upon current research in forensic anthropology exploring
the application of machine learning to improve sex estimation classifications for the skull.

Forensic anthropological casework incorporates morphological and metric assessment of the os coxae, skull, and long bones for sex estimation in cases
of unknown individuals. Morphological sex assessment of the skull commonly utilizes the glabella, supraorbital margins, mastoid processes, nuchal
crest, and mental eminence. However, morphological methods for the skull suffer from lower classification rates compared to the pelvis as well as an
overreliance on the aforementioned traits. Recent studies have attempted to address these issues through the application of machine learning to produce
sex classifications from morphological traits of the skull.! The present study builds on this research by exploring whether higher sex classification rates
for the skull could be achieved utilizing decision trees and an expanded suite of traits. This research seeks to: (1) select an expanded suite of
morphological traits and assess intra-observer error for each trait, (2) generate multiple decision trees, and (3) compare the classification performance
of the generated trees to the performance of the tree developed by Langley and colleagues.!

Twenty-two morphological traits of the skull were chosen from frequently referenced sex estimation methods. A total of 215 individuals were sampled
from the Hamann-Todd Osteological Collection and 147 individuals from the University of Tennessee Knoxville (UTK) Donated Skeletal Collection.
Intra-observer error was assessed from 43 individuals from the UTK Collection. Statistical analyses were conducted utilizing R Statistical Software.
Intra-observer error was assessed utilizing Krippendorff’s Alpha to assess which traits to include when generating the decision trees. All analyses were
conducted on the pooled sample (n = 362), European Americans (EA) (n =209), and African Americans (AA) (n = 153). Each dataset was split into a
training sample (80% of the data) and a testing sample (20%). The following decision trees were generated utilizing the training samples and the party
package trees with traits from the entire skull, trees for cranial traits only, and trees for mandibular traits only.? The error of each tree was assessed
using the testing sample. Finally, the performance of the Langley et al. tree for estimating sex from the present study’s sample was tested.

Of the assessed traits, 12 achieved an acceptable level of intra-observer error. Overall, the highest performing trees identified incorporated traits from
the cranium and mandible, with classification rates of 92.5% (pooled), 93.5% (EA), and 94.9% (AA). Trees that included cranial traits produced
classification rates of 91.0% (pooled), 91.3% (EA), and 89.7% (AA), while trees that included mandibular traits produced the lowest rates of 79.1%
(pooled), 84.8% (EA), and 84.6% (AA). When individuals from the present study were classified utilizing the Langley et al. tree, 76% of the pooled
sample, 80% of the European American sample, and 70% of the African American sample were correctly sexed compared to their reported accuracy of
96%. The Langley et al. tree was built utilizing only European individuals, thus partially explaining why their tree resulted in an increased classification
rate for the European American sample.

Overall, most decision trees achieved classification rates over 80%, with several over 90%. The population-specific trees often outperformed the pooled
sample trees. Thus, it is recommended that future sex estimation research involving decision trees should develop and test methods for individual
populations. However, trees that perform well for multiple groups would be beneficial for forensic cases in which an individual’s population affinity is
not estimated or unknown. Further, the comparison with the tree developed by Langley and colleagues indicates that tree classification performance
decreases when applied to different skeletal samples. This research demonstrates the need for further testing of these methods and the importance of
expanding beyond decision trees to more robust methods such as random forest modeling.
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A78  An Exploration of the Subadult Pelvic Sex Estimation Method Using Pelvic Metrics and Geometric
Morphometrics

Leah E. Auchter*, University of Nevada, Reno, Reno, NV; Kyra Stull, University of Nevada, Reno, Reno, NV; Heather M. Garvin, Des Moines
University, Des Moines, 14

Learning Overview: This presentation will provide attendees with a better understanding of the relationship between subadult pelvic size and shape
and biological sex estimations, as well as a more complete ontogenetic analysis of skeletal growth.

Impact Statement: This presentation will impact the forensic science community by exploring two approaches to estimate the biological sex of
subadult individuals. The current project will increase confidence in applying pelvic metrics and shape analyses for sex estimation in immature
individuals, which substantiates previous subadult research using morphological pelvic traits.

The forensic anthropological field has posited that there should be a better understanding of the biological foundations that enable biological profile
estimations of skeletal human remains. In alignment with this is a better understanding of the ontogenetic processes that influence variations in growth
and subsequent trait expressions. Biological sex estimation represents a main component of the biological profile estimated by forensic anthropologists.
Adult sex estimation methods using morphological and metric analyses of the pelvis consistently yield high classification accuracies. Subadult sex
estimation methods have been less successful primarily because of a lack of large skeletal samples representing all of ontogeny. However, approaches
can be reevaluated now that larger samples are available through virtual anthropology. Pelvic metrics have not been fully explored regarding their
utility in sex estimation of subadults even though the innominate has potential at a young age because of its early age of fusion and mediation by
hormones early in puberty.

A subset of 369 individuals aged between 8 and 20 years from the United States subset of the Subadult Virtual Anthropology Database (SVAD) were
included in this study. The criterion of an actively fusing or completely fused ilio-ischial union at the triradiate cartilage was employed to limit the
sample to individuals with complete innominates. A total of 34 pelvic landmarks were recorded for each individual; 16 landmarks were used to calculate
11 Interlandmark Distances (ILD) defined in the Data Collection Procedures for Skeletal Material 2.0 with some minor definition modifications.!
Seventeen landmarks were used in the geometric morphometric analyses. A General Procrustes Alignment (GPA) and Principal Components Analysis
(PCA) was performed, and a Multivariate Analysis of Variance (MANOVA) was performed on all the Principal Components (PCs) as a multivariate
test of significant shape differences between males and females. ANOVAs were then performed to test which specific PCs demonstrated significant sex
differences. Linear Discriminant function Analyses (LDA) were used on a training sample for both the ILDs and on the PC scores to generate sex
estimation models; a test set was used to evaluate the models.

The LDA using 11 ILDs was applied to a hold-out sample and correctly classified 97.14% of females and 92.73% of males for an overall classification
accuracy of 94.44%. The LDA using PCs 1 through 5, which included all PCs with greater than 5% variance, correctly classified 80.00% of females
and 90.57% of males. When all PCs with greater than 1% variance were included (PCs 1-22), 85.71% of females were correctly classified while
92.45% of males were correctly classified. The inclusion of centroid size in the LDA with PCs 1 through 5 improved the classification accuracies and
reversed the sex bias; 91.43% of females and 90.57% of males correctly classified, resulting in an overall classification accuracy of 90.91%.

Results of this study suggest that both metric analyses and geometric morphometrics can correctly estimate sex of individuals with fusing or completely
fused innominates with high accuracies. The current study relies on the biological age, or skeletal maturation of the individual, to inform the practitioner,
which removes the need to estimate age prior to estimating sex. The geometric morphometric analyses highlight the importance of pelvic size as a
meaningful component to accurate subadult sex estimation, which was seen with the sex bias when centroid size was not included. The success of this
study expands the anthropological toolkit when faced with subadult remains and supports the use of pelvic metrics to improve biological profile
estimations, including sex estimation, of subadult individuals.

Reference:
I Langley, N. R,, Jantz, L. M., Ousley, S. D., Jantz, R. L., & Milner, G. (2016). Data collection procedures for forensic skeletal material 2.0.
University of Tennessee and Lincoln Memorial University.
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A79  Sex Estimation From Mandibular Morphometry Using a Discriminant Analysis—CT Scan-Based
Retrospective Study

Siddhartha Das, MBBS, MD*, Jawaharlal Institute of Postgraduate Medical Education & Research, Puducherry, India; Sunitha VC, MBBS, MD,
Jawaharlal Institute of Postgraduate Medical Education & Research, Puducherry, India; Vasanth Lenin, MBBS, Jawaharlal Institute of Postgraduate
Medical Education & Research, Puducherry, India

Learning Overview: After attending this presentation, attendees will be able to appreciate the role of mandibular measurements taken from Computer
Tomography (CT) scans for estimating the sex in a defined ethnic population.

Impact Statement: This presentation will impact the forensic science community because the importance of CT scan measurements of the mandible
for estimating the sex in a defined ethnic population will be discussed, which may further be studied in other populations.

Partial identification of an individual can be established by criteria like age, sex, race, stature, etc. Sexual dimorphism is expressed in most human
bones. However, at times only some body parts of the deceased may be available for forensic interpretation. The mandible is the largest and strongest
bone of the face. Therefore, in comparison to other facial bones, it remains for a longer time and has a slower degradation rate. Sex dimorphic
characteristics of the mandible have been reported from studies using either bone or CT scan images of the mandible.!-3

The sample size was estimated based on sample size estimation for area under the Receiver Operating Characteristic (ROC) curve. Under the alternative
hypothesis, it was anticipated that the discriminatory ability of the discriminant function is 0.6 in estimating the sex with the CT measurements against
the null hypothesis at 0.5 as the Area Under the Curve (AUC) value. Therefore, at a 5% level of significance and 90% power, accounting for the
proportion of males and females in the sampling frame, the total sample size was estimated to be 280. The following parameters were measured: Bi-
Condylar Breadth (BCB), Bi-Gonial Breadth (BGB), Bi-Antegonial Notch Breadth (BANB), Bi-Mental Foramina Breadth (BMFB), Maximum Ramus
Height (MxRH), Maximum Ramus Breadth (MxRB), Maximum Mandibular Length (MML), Maximum Mandibular Body Length (MMBL), Minimum
Ramus Breadth (MnRB), Coronoid HEIght (CrH), Condylar Height (CnH) using inbuilt measuring scale present in Syngo Via Software. Mandibular
ANgle (MA) was measured using an inbuilt angle detector present in Syngo Via Software.

In our study cohort, we had a total of 150 (53.6%) males and 130 (46.4%) females. It was found that all the parameters except MA differed significantly
between the two genders. We observed that among all the discriminant function that was built, function 2 (BGB) showed the least Wilk’s lambda value
(A= 0.343), which indicated the best discriminatory ability of the model among all. MA gave the maximum Wilk’s lambda value, suggesting it has the
least value among all the discriminant functions for the discriminatory ability. The area under the ROC curve was plotted for each of the discriminant
functions. Function 13 (combination of all parameters) had the best AUC (0.951; 95% CI = 0.920, 0.982) whereas Function 9 (MA) had the least AUC
(0.498; 95% CI = 0.422, 0.573).

This CT scan-based observational study showed that all the measured mandibular parameters, except MA, were significantly able to estimate the sex
of the individual with high accuracy.

References:

- Saini V, Srivastava R, Rai K, Tripathi K, Mandibular ramus: an indicator for sex in fragmentary mandible. J Forensic Sci. 2011;56S1:S13-S16.
2 Dong H, Deng M, Wang W, Zhang J, Mu J, Zhu G. Sexual dimorphism of the mandible in a contemporary Chinese Han population. Forensic Sci
Int. 2015;255:9-15.

Okkesim A, Erhamza TS. Assessment of mandibular ramus for sex determination: Retrospective study. J Oral Biol Craniofacial Res.
2020;10:569-72.
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A80 Increasing Transparency in Sex Estimation From the Skull by Monitoring Variation in Decision-Making
Patterns

Nicole Mantl*, University College London, London, England; Sherry Nakhaeizadeh, Sherry Nakhaeizadeh, University College London, London,
England; Ruth M. Morgan, University College London, London, England

Learning Overview: After attending this presentation, attendees will have a clear understanding of decision-making strategies and the impact of
experience used in sex estimation of the skull.

Impact Statement: This presentation will impact the forensic science community by providing greater insight into decision-making strategies and how
forensic anthropologists set about making inferences when estimating sex from the skull.

An increased focus on decision-making in forensic anthropology follows the growing demand for increased transparency in forensic reporting.'? This
has been particularly prominent in visual non-metric methods, such as sex estimation where the methods are inherently more subjective and appear to
be more dependent on the experience of the observer.>*

This presentation will show results from a study investigating intuitive and reflective decisions made in sex estimations from the skull. Students as well
as academics and professionals participating in this study were asked to apply non-metric sex estimation to a sample of skulls.

At the initial stage of the study six archaeological crania (United Kingdom) were utilized. Participants were asked to provide an intuitive first impression
based on a visual assessment of each skull under time-pressure (five seconds) followed by a full assessment scoring sexual traits on a five-point scale.
Initial results showed that consistency, between first impressions and estimations drawn from method application, and confidence were lowest when
the traits were most ambiguous.

Subsequently, the methodology was further developed where participants are instead asked to estimate sex from ten digitally rendered 3D skulls
modelled on CT scans from a modern population from New Mexico.’ Preliminary results show that participants are equally likely to correctly identify
the sex of an unknown skull without contextual information. It is suggested that there is only a marginally significant difference between the consistency
of intuitive and methodical sex estimations reported across the different experience groups. Overall, the results suggest that even when prompted to
report a first impression, the more experienced participants based their intuitive estimation on overall appearance, three times more frequently than the
less-experienced participants, followed by the recognition of multiple features of the skull. Furthermore, academics and/or practicing forensic
anthropologists reported a moderate increase in confidence level compared to student participants.

Three key findings from these studies will be discussed: the impact of experience on decision-making; the significance of trait perception in intuitive
first impressions; and the importance of characteristics affecting trait perception, such as population affinity, on the confidence levels reported by
participants when it comes to self-perception of correctly estimating of sex from skulls.
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A81  Combining Metric and Morphological Traits for Sex Estimation: A Pilot Study Using the Innominate

Kate M. Lesciotto*, University of North Texas Health Science Center, Fort Worth, TX; Alexandra R. Klales, Washburn University, Topeka, KS; Michael
Price, Channel Cognition, Somewhere, AL

Learning Overview: The goal of this presentation is to inform attendees about the potential impact of combining metric and morphological data types
into a single statistical model for sex estimation using pilot data from the innominate.

Impact Statement: This presentation will impact the forensic science community by presenting a new statistical model that combines metric and
morphological data for sex estimation using the innominate and comparing this model to commonly used metric-only and morphological-only methods.

The estimation of osteological sex is a crucial component in the construction of the “biological profile” from a set of unidentified skeletal remains.
Traditionally, sex estimation methods have focused exclusively on the use of either metric (e.g., FORDISC®, DSP2) or morphological (e.g.,
MorphoPASSE) data.!-3 Surveys of forensic anthropologists have shown that the majority of practitioners use multiple sex estimation methods based
on both metric and morphological data. However, there is significant divergence in how the results from different methods are combined into a final
estimation of sex and expression of statistical confidence. If results of the methods do not agree, forensic anthropologists may give preference to one
method over another, provide a final estimation based on personal experience, or take an average of all methods.*

While the long-term goal of this research is to develop a novel method for sex estimation that can accommodate metric and morphological data from
multiple skeletal elements, this pilot study focuses on the integration of these data types using the innominate. The innominate is the most sexually
dimorphic bone in the human skeleton; however, the most commonly used morphological features (e.g., ventral arc, subpubic concavity, etc.) are not
captured by the most commonly used measurements (innominate height and breadth) and vice versa. Two experienced observers collected metric and
morphological data from the innominate in a sample of 19 females and 16 males (n = 35) from the Southeast Texas Applied Forensic Science Facility
Skeletal Collection. Metric data included the measurements defined by Briizek et al. for DSP2, excluding greater sciatic notch height (IIMT).?2
Morphological data included the Ventral Arc (VA), Subpubic Concavity (SPC), and Medial aspect of the Ischiopubic Ramus (MIPR) from the
MorphoPASSE program, as well as the shape of the greater sciatic notch, presence of a composite arc, pubis shape, and subpubic angle.>>7.

Sex estimation was tested using four statistical models: DSP2 (using only metric data), MorphoPASSE (using only morphological data for the VA,
SPC, MIPR), a Random Forest (RF) model (using all metric and morphological data), and a Feed-Forward Neural Network (FFNN) model (using all
metric and morphological data). Using a decision threshold of PP > 0.95, the FFNN model had the optimal performance, combining high accuracy and
low sex-bias, while remaining highly inclusive of the sample. MorphoPASSE and the RF model achieved perfect accuracy for both observers, while
one female was misclassified by DSP for both observers. However, while these three models produced high accuracy levels, the implementation of a
decision threshold reduced the sample from the initial full set of 35 individuals to as low as 23 individuals. Using the FFNN, Observer 1 achieved
perfect accuracy for 32 individuals meeting the decision threshold (18F/14M), and Observer 2 achieved 97.2% accuracy with all 35 individuals meeting
the decision threshold, with one female being misclassified as male.

While existing sex estimation methods using the innominate are highly accurate, this pilot study demonstrates the potential for achieving nearly perfect
accuracy with high statistical confidence by combining metric and morphological traits using a FFNN model. This model will continue to be tested
using larger samples and data collected from multiple skeletal elements with the long-term goal of creating a freely available program for sex estimation
that can integrate metric and morphological data, incorporate traits from the entire skeleton, and accommodate missing data.

References:

I Jantz, R. L., & S. Ousley (2005) FORDISC® 3.1. University of Tennessee Press, Knoxville, TN.

2 Brtizek, J., Santos, F., Dutailly, B., Murail, P., & Cunha, E. (2017). Validation and reliability of the sex estimation of the human os coxae using
freely available DSP2 software for bioarchaeology and forensic anthropology. American Journal of Physical Anthropology, 164(2), 440-449.

3 Klales, A. R. (2018). MorphoPASSE: The morphological pelvis and skull sex estimation database. Washburn University.

4 Klales, A. R. (2020). Chapter 2—Practitioner preferences for sex estimation from human skeletal remains. In A. R. Klales (Ed.), Sex Estimation
of the Human Skeleton: History, Methods, and Emerging Techniques (pp. 11-23). Academic Press.

> Walker, P. L. (2005). Greater sciatic notch morphology: Sex, age, and population differences. American Journal of Physical Anthropology, 127(4),
385-391.

% Brizek, J. (2002). A method for visual determination of sex, using the human hip bone. dmerican Journal of Physical Anthropology, 117,

157-168.

Rennie, S. R. (2018). Summary sex: A multivariate approach to sex estimation from the human pelvis [unpublished doctoral dissertation].

Liverpool, England, United Kingdom: Liverpool John Moores University.

Sex Estimation; Metric and Morphological Data; Neural Network Model

Copyright 2024 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 - 123 -



\/ Anthropology—2024

A82  The Impact of Chemical Maceration on Elemental Concentrations and ¥ SR/*SR Values in Bone

Julianne J. Sarancha®, Arizona State University, Phoenix, AZ; Gwyneth Gordon, Arizona State University, Tempe, AZ

Learning Overview: After attending this presentation, attendees will be aware of how chemical maceration, the removal of soft tissue from bones,
may affect elemental concentrations and strontium isotope ratios (¥’Sr/%Sr) in bone samples. Attendees will also learn which chemical elements are
either contaminated in or removed from bone samples during maceration.

Impact Statement: This presentation will impact the forensic science community by demonstrating how chemical elements and 37Sr/30Sr values are
altered by maceration. Additionally, this presentation will suggest caution toward some maceration methods when 87Sr/%Sr analysis may be used in
both research and casework situations.

Chemical maceration is a common process to remove any remaining soft tissues from bone. This process is done both in anthropology research facilities
and medical examiner labs. Previous research has evaluated chemical maceration for efficacy and preservation of DNA.!> However, no previous studies
have examined the preservation of elemental concentrations (used in determining postmortem alteration) or 37Sr/%Sr (used in creating a geographic
profile to assist with identification).

This study evaluated concentrations for major and trace elements as well as 8’St/8Sr values for five different maceration protocols. Five racks of pig
ribs were obtained from a butcher. The pigs originated from a single farm and were raised and butchered in Oregon. The ribs of each rack were
separated, and the bulk of soft tissues was mechanically removed. From each rack, two samples were set aside as controls and seven experimental
samples were chemically macerated using modified parameters from published methods. All experimental ribs from a single rack underwent one
maceration method and were compared to the controls from the same rack ensuring intra-individual comparison. A total of five maceration treatments
were used: (1) Alconox® at 100°C for 24 hours, (2) Biz® laundry detergent with sodium carbonate at 90°C for four hours,? (3) Greased Lightning® at
100°C for 24 hours, (4) Adolph’s® unseasoned meat tenderizer with Palmolive® dish soap at 90°C for 10 hours, and (5) Tergazyme® at 88°C for 24
hours.!* Each reagent was dissolved in local tap water from Tempe, AZ.

Results indicate shifts in concentration for various elements. For sodium (Na), the Alconox®, Biz® with sodium carbonate, and Tergazyme® methods
saw the largest increases in concentration (percent increase: 114%, 42 %, and 68 %, respectively), while the Adolph’s® with Palmolive® method saw a
more moderate shift (percent increase: 14%), and the Greased Lightning® method saw relatively no shift (percent increase: 2 %). These increases
indicate treatments are inducing varying levels of Na contamination. For potassium (K), rubidium (Rb), and cesium (Cs), all maceration methods saw
a decrease in concentrations (percent decrease in K: 70%, 42%, 75%, 43%, and 71%; Rb: 75%, 49%, 80%, 49%, and 76%; and Cs: 67%, 48%, 76%,
50%, and 71%). These decreases indicate all methods removed K, Rb, and Cs from bone. Commonly used elemental ratios such as Ca/P, St/Pb, and
U/Ca were relatively unaltered by each maceration method.

For 37Sr/%%Sr, the Biz® with sodium carbonate and Adolph’s® with Palmolive® methods had relatively small shifts (average shift for both methods: +
0.000006), while the Alconox®, Greased Lightning®, and Tergazyme® methods displayed shifts that are analytically significant (analytical error: 2SD
for Sr/%Sr = 0.000019) but not inferentially significant (average shifts: + 0.000032, + 0.000064, and + 0.000079, respectively). However, these
average shifts are all enriched in Sr compared to the control values and are trending toward the 87St/36Sr value of the local tap water. Although the
87Sr/86Sr values were shifted for some maceration methods, the Sr concentrations remained relatively consistent across all treated samples (largest
average percent change in concentration was a decrease of 5% for the Tergazyme® method). Hence, the most likely factor in 87St/8Sr value alteration
is isotopic exchange with the maceration solution.

The elemental concentration data demonstrates that some elements are altered and should not be analyzed in macerated bone while the isotopic data
suggest 3Sr/%Sr analysis is acceptable for bones macerated within the parameters studied. However, variations of maceration methods should be
evaluated independently since systematic shifts, although not inferentially significant, were measured.
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A83  The Use of Multi-Isotopes for Geoprofiling Unidentified Decedents to Assist Law Enforcement Agencies in
the United States

Liotta N. Dowdy*, University of South Florida-FL. Institute of Forensic Anthropology and Applied Science Tampa, FL; Gennifer M. Goad, University
of South Florida, Tampa, FL; Erin H. Kimmerle, Florida Institute for Forensic Anthropology & Applied Science, Tampa, FL; Anthony Menicucci,
University of South Florida Stable Isotope Lab, Tampa, FL; George Kamenov, University of Florida, Gainesville FL., Gainesville, FL

Learning Overview: After attending this presentation, attendees will better understand how multi-isotopic analyses can improve human identification
efforts. Isotope analysis of human teeth or skeletal material can illuminate the birth location, early childhood residence, and migration patterns based
on specific elements embedded in the skeletal tissue of the individual.

Impact Statement: This presentation will impact the forensic science community by providing multi-isotopic reference data from a collection of
skeletal materials with known origin.

Anthropologists continue to play a prominent role in the process of human identification, particularly in decomposing and skeletonized cases, as the
parameters they provide about age, sex, and ancestry may provide investigative leads for unidentified decedent cases.! Forensic anthropologists have
recently collaborated with geochemists to perform isotopic analyses of human tissues to estimate the geographic birthplace or migration patterns of
unidentified decedents.>”’

Coupled with high domestic and international migration into Florida, the comparison of local missing persons and local unidentified persons cases is
often insufficient for positive identifications.® Consequently, academic collaborations among the University of South Florida (USF) -Florida Institute
of Forensic Anthropology and Applied Science (IFAAS), USF-Stable Isotope Lab, and the University of Florida Geological Sciences (UFGS) have
utilized specific radiogenic isotopes that include strontium (¥7%Sr) and lead isotopes (2°0204Pb, 207204pp, 208204pp) along with stable isotopes oxygen
(88 0) and carbon (8'3C) for current and cold casework in the Tampa Bay area.

One of the major aims of these collaborations is to generate multi-isotopic data on modern human skeletal material with known origin to improve
isotopic reference data.[’! To do this, donated teeth were collected from a local dentist (Dr. Amy Rotham, DDS) clinic in Tampa, FL, and by Dr. Caitlyn
Menicucci DMD, (CPT, United States Army) from volunteers. Along with the donated teeth, very basic demographic information was collected from
participants, and the identity of the participants was kept anonymous to the researchers. Stable isotopes (§'30, §'3C) and radiogenic isotopes (*”/%¢Sr,
206204p}, 207204p}, 208204PY were analyzed.

Results for enamel and/or tooth root (n=81) from donated teeth from individuals born in Florida and/or who lived in Florida through their early
childhood, along with other individuals born in the United States and Central and South America as comparison samples. Individuals from Florida
exhibit an average strontium isotope ratio of 0.70894 + 0.00205. Lead isotope values fall into the expected United States ratios: 209204Pb ~ (18.4 to
19.1), 2071204pp ~ (15.6 to 15.7), and 208294 Pb ~ (38.1 to 38.8). Oxygen isotope (5'® O) values are more positive compared to other regions of the United
States. The 8'3C values measured consistently indicate a typical diet in the United States. However, there were carbon values for individuals that were
more positive than expected, possibly reflecting cultural practices and dietary choices. Overall, this data will be utilized to establish an isotopic reference
data set for Florida and assist with local investigations of unidentified decedent cases. Additional research in this region and other geographic regions
of the United States is critical for successful georeferencing of unidentified decedents and to improve the solvability of cold cases.
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A84  Origins and Isoscapes: A Reassessment of Oxygen and Strontium Isotopic Data for Human Identifications
in North America

Kirsten A. Verostick*, University of Utah, Salt Lake City, UT; Chris Stantis, University of Utah, Salt Lake City, UT; Alejandro Serna, University of
Utah, Salt Lake City, UT,; Gabriel Bowen, University of Utah, Salt Lake City, UT

Learning Overview: After attending this presentation, attendees will have an improved understanding of how the current oxygen and strontium isotope
data available for geolocation and provenancing of unidentified persons in North America can be used, along with understanding areas of these isotopic
studies that needs improvement.

Impact Statement: This presentation will impact the forensic science community by using data compiled from known and assumed origin human
tissues throughout North America, reviewing how the data have been collected and types of data, analyzing spatial variation based on multiple variables,
and offering suggestions for improvements for future isotopic research and applications to forensic identification efforts.

Isotopic geolocation methods rely on reference data documenting spatial isotopic variation in human tissues. Many studies report such data, and the
use of isotopes for forensic applications and identification is becoming more frequent. The value and use of these data depend strongly on several
factors such standardization of metadata, variation in analytical protocols, and the geographic coverage of data from any given tissue and isotope
system.

After a large-scale review of oxygen and strontium isotopic literature on human tissues, a dataset of >3,000 isotopic data points were compiled from
25 studies. The broadest coverage in North America is for keratin. Tooth enamel isotopic values have the second broadest coverage, with isotopic values
from 12 studies comprising >800 data points. We focus here on tooth enamel carbonate 3'80 data due to its excellent preservation and frequent use in
human identification.

We compared the tooth §'%0 with isotopic maps (isoscapes) of precipitation 6'%0 values, which are expected to provide a first-order estimate of the
geographic pattern in tooth isotope values driven by variation in drinking water isotope values. Although there was a strong relationship (R? = 0.4), a
substantial amount of variance in the tooth dataset was not explained by the water isoscape (residual standard error = 1.7%o0). We investigate three
sources of potential variability in the compiled data that may contribute to this residual variance. (1) While all enamel samples are reported as being of
“known” origin, some studies have incomplete or unspecific data on residential life history or which teeth were sampled, which may compromise
comparisons with the isoscape. (2) Each study reporting oxygen isotopic values used different sample pretreatment protocols and reaction times, which
have been shown to affect resulting isotopic values.! (3) A variety of tooth types, representing different ages of mineralization, were analyzed.

We found that the variance of residuals for samples with and without high-quality life history information was similar, suggesting that incomplete
information did not significantly degrade the comparison with the precipitation isoscapes. For the other two factors, we found substantial bias between
studies using different lab methods and between teeth formed at different ages, suggesting that lack of standardization added noise to the comparison.

We further investigated these factors using the Quality Analysis (QA) tool in the assignR package to evaluate the expected improvement in the precision
of isotope-based geographic assignments if we corrected for the mean residuals. For both factors (lab methodology and tooth mineralization age), we
found that correcting for the regression offsets gave a 20% improvement in geographic specificity when assignments were conducted using confidence
thresholds up to ~80%.

The gestalt of this dataset fits the expected patterns and expectations. As noted, several issues that were considered limitations have proven to not be
problematic, such as assuming data origin. However, other issues confound or degrade the quality of the dataset, such as the use of different pretreatment
protocols (affecting oxygen tooth enamel values specifically), analytical methods, and calibrations. The currently available data can still be used to
generate models but requires certain variables and analytical aspects be taken into consideration. A large-scale collection of teeth from donors of known
origin with controlled methods would benefit forensic anthropology and human identification efforts.

Reference:
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carbon and oxygen isotopic measurements of modern tooth enamel. Science and Justice. In Press.
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A85  Isotopic Taphonomy: A Critical Review of the Effects of Diagenesis on Human Tissues Used for Stable
Isotope Analysis

Shelby Hard*, California State University, Chico, Colorado Springs, CO

Learning Overview: This presentation will provide a critical review of the taphonomic literature relating to the application of stable isotope analysis
of human scalp hair and nail keratin for reconstructing the diet and provenance history of unidentified decedents. After attending this presentation,
attendees will better understand the importance of taphonomic processes in altering stable isotope ratios of scalp hair and nail keratin, which is critical
to proper interpretation of geolocation and diet from unidentified remains cases.

Impact Statement: This presentation will impact the forensic science community by providing a critical review of the literature surrounding the effects
of taphonomic processes on scalp hair and nail keratin ratios. Further, the value of isotopic ratios present in scalp hair and nails in forensic investigations
will be demonstrated through case examples.

The study of the influence of taphonomic processes on stable isotope ratios of unidentified individuals has become increasingly utilized in forensic
investigations, as they affect whether accurate information can be provided about an individual’s life history. Isotopic ratios reflect aspects of an
individual’s life such as diet and geolocation information. This analysis is especially pertinent to forensic investigations of unidentified individuals
because it has the potential to narrow the pool of matching identifications as well as provide new leads where other methods have proven ineffective.
Human scalp hair and nails provide snapshots in time that document the months leading up to an individual’s death. Hair grows at an average rate of
about lcm per month and fingernails about 2-3mm per month, providing the potential for sequential sampling and the isolation of dietary and
geolocational information from specific months prior to an individual’s death.! This presentation will examine the literature documenting how the
postmortem environment may influence reliable applications of stable isotope analyses of human scalp-hair and nail keratin.

Many studies have examined the interchangeability of isotopic ratios in human scalp-hair and nails, the provenancing of unidentified remains based on
isotopic ratios in hair samples, the documentation of diet and geolocation in the isotopic composition of nails, the general reliability of isotopic ratios
present in hair and nail samples, as well as many others to better understand the application of isotopic analyses to forensic investigations.>* Many of
these studies utilize samples taken from living individuals or recently deceased individuals, where isotopic ratios are expected to accurately represent
aspects of the individual’s life. However, there have been few studies that examine the effects of the taphonomic process on isotopic ratios of human
hair and nails.

Saul’s 2017 novel research examined the isotopic ratios of human hair from donated individuals at the Anthropological Research Facility (ARF) at the
University of Tennessee, Knoxville, and the Forensic Anthropology Research Facility (FARF) at Texas State University.* Samples in this study were
collected from individuals placed on the surface and placed in shallow burials at both facilities at various stages throughout the taphonomic process
over a period of one year.* By examining buried and surface-placed individuals, Saul was able to examine two different placement scenarios within the
same local environments.* The results of isotopic analysis showed that isotopic values in these environments retain accurate enough information to be
considered reliable predictors of dietary and geolocation information.* Gordon et al. and Saul et al. further examined the preservation of hair samples
during packaging in forensic contexts as well as summarized several considerations when examining the isotopic ratios of hair samples in the Tennessee
postmortem environment.>® This information is incredibly valuable to forensic investigations within Tennessee and Texas environments but is not
representative of the taphonomic histories of other regions like high elevation and mountainous regions.

In forensic cases where individuals are not able to be identified, whether due to advanced decomposition, mutilation, or other taphonomic influences,
isotopic analyses of scalp hair and nails have proven useful to provide information about geolocation and dietary information that can potentially
narrow the focus of investigations.” Future applications of stable isotope analysis in forensic contexts should examine more geographic regions with
more variable environments. The better we understand how the environment impacts isotopic values present in human scalp hair and nail tissues, the
more applicable these results are to forensic contexts and investigations. Further, studies should also be held over a longer time period to continue to
verify the reliability of the isotopic information provided by scalp hair and nail samples as the taphonomic and decomposition processes ensue.
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A86  The Impacts of Chronic Opioid Exposure on Bone Biomechanical Parameters

Sydney Q. Chizmeshya®, Newmarket, ON, Canada,; Janna M. Andronowski, Memorial University of Newfoundland, St. John’s, Newfoundland, Canada

Learning Overview: The goal of this presentation is to describe the impacts of chronic opioid exposure on bone fracture risk and patterns. Attendees
will learn how Synchrotron Radiation-based micro-Computed Tomography (SRuCT) and biomechanical bend testing techniques allow for a novel
multi-modal examination of the effects of opioid exposure on bone quality, cross-sectional geometric parameters, and fracture type.

Impact Statement: This presentation will impact the forensic science community by: (1) further elucidating the indirect effects of opioid use on the
products of bone remodeling (e.g., resorption spaces, Haversian canals, secondary osteons) used in histological age-at-death estimation methods; and
(2) describing the associated impacts on bone fracture risk, interpretation, and patterns relevant to trauma interpretation.

Prolonged opioid exposure has been demonstrated to disrupt bone remodeling by inhibiting osteoblast activity and decreasing trabecular bone
connectivity, thus inevitably predisposing individuals to osteoporosis and increased bone fracture risk.'**

Our study builds upon proof-of-principle data from a pre-clinical rabbit-opioid model system to explore the: (1) biomechanical impact of opioid
exposure on bone fracture risk, (2) relationship between cross-sectional geometric values and fracture patterns, and (3) relevant microstructural
parameters (e.g., cortical porosity and osteocyte lacunar density) that inform bone fracture risk as observed via high-resolution SRuCT. We
hypothesized that: (1) a decrease in bone’s cortical area and lacunar density, an increase in cortical porosity, and enlarged medullary cross-sectional
area will be observed in opioid animals compared to controls, and (2) fracture risk will be increased in opioid animals, and less force will be required
for bone failure.

New Zealand White (NZW) rabbits were selected for our work given their shortened remodeling period and recommendations from the Food and Drug
Administration for bone research.’® Male rabbits were divided into three groups of seven animals each: morphine sulphate, fentanyl, and controls for
eight weeks of experimental treatment.

High-resolution bone imaging data of left tibiaec were collected using SRuCT at the Canadian Light Source Synchrotron Facility in Saskatoon, SK.
Reconstructed images (1.5um resolution) were segmented using a novel Deep Learning Model created in Dragonfly v.2020.2. Microstructural
parameters of interest (e.g., pore morphometric variables including pore density, volume, connectivity, etc.) were extracted using a custom model in
CTAnalyser v1.18.8.0.

Three-point bend tests were performed on the right tibiae from the same animals using an Instron® E3000 at a strain rate of Imm/min until failure.
Structural properties (e.g., flexural modulus and flexural strength) were collected from normalized biomechanical data and correlated with bone
architectural properties (e.g., cortical area, orientation, moments of inertia, etc.) to associate structure with function.

Preliminary vascular pore morphometric data revealed that morphine animals have significantly greater (¥ = P <0.05) porosity compared to the fentanyl
group (morphine: 0.00004318 objects/voxel > fentanyl: 0.00001806 objects/voxel). Morphine animal pores are larger in size compared to the fentanyl
group (Morphine: 16.67 pixels > Fentanyl: 11.16 pixels).

Preliminary biomechanical data demonstrated that all mean load (kN), displacement (mm), and test time (s) were significantly different between groups
(*¥*** = P <(0.0001). The morphine group demonstrated the greatest mean load (Fentanyl: 0.1105 kN < Control: 0.1193 kN < Morphine: 0.1233 kN).
The fentanyl group demonstrated the greatest displacement (Morphine: 4.897mm < Control: 4.984 mm < Fentanyl: 5.89mm) and longest test duration
(Control: 227s < Morphine: 227.4s < Fentanyl: 277.1s). Tissue distribution may help explain these findings, as distribution further form the neutral
axis can increase strength and resistance to bending forces.” Additionally, opioids may have a dehydrating effect that increase sample stiffness, tensile
strength, and hardness.!%-1

The proposed work is culturally relevant as the misuse and addiction to prescription opioids (and illicit synthetic opioids) continues to be a serious
public health crisis nationwide. Our work offers insight relating to: (1) the long-term impacts of opioid exposure on the products of bone remodeling
used in histological age-at-death estimation, and (2) fracture pattern interpretation following drug exposure. Findings from our work further offer
support to forensic practitioners by expanding understandings of bone biological parameters relevant to creating more precise biological profiles,
especially in the case of age-at-death estimation.

Certain work included here is supported by the National Institute of Justice, Award 2018-DU-BX-0188. The opinions, findings, and conclusions
expressed are those of the authors and do not necessarily reflect those of the Department of Justice.
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A87  The Right to the Truth: A Multimodal Investigation of Mass Graves and an Analysis of Commingled
Remains for Conflict Resolution in Humanitarian Forensics

Xenia Paula Kyriakou*, University of West London, Fort Myers, FL; Nicholas V. Passalacqua, Western Carolina University, Sylva, NC; Matthieu
Baudelet, University of Central Florida, Orlando, FL

Learning Overview: This presentation will review the current state of scientific and professional aspects in the investigation of mass graves and the
analysis of commingled remains, and it will introduce the new multidisciplinary research consortium, CONFORM. During this presentation,
professions, policies, processes, and technologies utilized in the investigation of mass graves and de-commingling will be highlighted; as well as the
need for the operationalization of standards to ensure method efficiency, accuracy, and reproducibility as well as best practices for quality assurance.

Impact Statement: This presentation will impact the forensic scientific community by providing a review of the current methodological approaches
to the investigation of mass graves and analysis of commingled remains. Attendees will learn about the different methodological approaches in locating
and excavating mass graves, resolve commingling, and will be provided with a framework for future scientific developments that could enhance and
support these processes.

Humanitarian forensics plays a central role in conflict resolution and peacebuilding. Forensic archaeology and forensic anthropology are key disciplines
that support community transitions in post-conflict territories. Mass graves are a global phenomenon of humanitarian significance. They are
characterized by diversity in the way they have been created and modified by human and environmental agents.! Commingled mass graves pose the
highest level of challenge for archaeologists and anthropologists alike because the causes of commingling vary from one mass grave to another, whether
primary, secondary, or tertiary burial contexts.” Therefore, from discovery to repatriation, archaeological and anthropological methods used in the
investigation of mass graves differ depending on the context of their application and guiding mandates. Yet, the relationship between field processes
and methods of anthropological analysis for de-commingling and identification is significant in ensuring efficiency in pair-matching, skeletal re-
association, and the reconstruction of the Minimum Number of Individuals (MNI).

The aim of the symposium is to present original research and case studies pertaining to the search, recovery, and excavation of mass graves, and forensic
methods for the analysis and evaluation of commingled, disarticulated, and fragmentary human remains. The symposium encourages the presentation
of work that showcases multidisciplinary approaches, whether field-based, lab-based, or combined. The symposium presentations will discuss
advantages/prospects, disadvantages/limitations, problems/solution, and most importantly highlight the role of forensic science in accounting for
missing persons in a way that contributes to conflict resolution and peacebuilding.

The symposium presenters will also provide recommendations and suggestions stemming from their work experience as it pertains to the investigation
of mass graves and processes of de-commingling. The objective of the symposium is to identify grounds for international and interdisciplinary research
collaboration for the development of a standardized and operationalized set of guidelines for the investigation of mass graves that adhere to best
practices, streamline the processes involved, but also provide flexibility to allow adaptation for different transitional justice mandates.
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A88  The Use of Computational Methods in Assessing Legacy Databases of Commingled Remains and
Reconstructing Stratigraphic Relationships

Chris Mavromatis®, Dickson City, PA; Xenia Paula Kyriakou, University of West London, Fort Myers, FL

Learning Overview: This presentation will utilize archaeological stratigraphy, artifact, and human skeletal assemblages from a commingled context
to demonstrate how these dataset types can provide valuable contextual information for reconstructing archaeological relationships with the use of
computational methods. After attending this presentation, attendees will better grasp how engaging with stratigraphic, artifact, and human bone datasets
can contribute to, and augment, their existing approaches to analyzing multiple commingled interments, using Python® and R-suite statistical
applications.

Impact Statement: This presentation will impact the forensic anthropology community by showcasing how to create a flexible framework for
extracting data from legacy and contemporary stratigraphic and assemblage datasets, using computational methods, to help contextualize commingled
human remains recovered from forensic archaeological contexts. Attendees will gain insights into the project’s techniques for cleaning datasets with
the Python® programing language, combining stratigraphic layers into aggregated units, and analyzing these aggregated units and their assemblages
with the Python® and R programming languages.

Commingled contexts present with complex stratigraphy must be excavated systematically and in detail. Archaeological data collected during
excavation are by default legacy datasets in the sense that field recording methods, although universal in concept, their application varies significantly
between agencies, companies, or country systems, but also between terrains, landscapes, and environments This is especially the case for the excavation
of commingled contexts that may combine highly fragmentary skeletal remains and intermixing of bone with other material (e.g., artifacts, animal
bones).

Field records are a valuable tool for reconstructing context, artifacts, and skeletal associations. Most archaeologists would agree that analyzing legacy
archaeological datasets can provide new insights.'> However, the evaluation and reanalysis of stratigraphic data for reconstructing stratigraphic
sequences in relation to biological material (e.g., human remains) and artifacts can be problematic, and it presents various technical and methodological
problems. The use of advanced computational approaches can be a useful tool in the assessment of legacy databases comprising of complex stratigraphic
relationships, such as those encountered in commingled contexts.

Field records collected during the excavation of cist graves found at the archaeological cemetery of Kourion Gate Amathus (KAGC), in Cyprus,
combined with an osteological inventory of 16,000 skeletal fragments, were evaluated using the Python® and R programming languages. The objective
of the study was to establish new deposit profiles using a data-driven approach to consolidate recording discrepancies and assess the relationship
between stratigraphy, artifacts, and skeletal remains. Data remediation (i.e., cleaning the project’s datasets) was a critical first step in this process. The
data-driven component relied heavily on the methods of the Python® class we developed specifically for stratigraphic analysis. A class provides the
framework for defining and organizing an object’s attributes and methods.? Objects in Python® (and other similar programming languages) provide a
concise way to model complex systems by combining attributes (i.e., descriptive information) and methods (i.e., behaviors and actions) with data.
Because each class instance contains the same methods and attributes, it provides a consistent way to compare multiple stratigraphic units and their
assemblage profiles quickly. The combination of data-driven and descriptive information provided rich contextual information that helped explain the
stratigraphic record and evaluate relationships between human skeletal remains and artifacts.

The analysis indicated that most cist tomb deposits exhibited a disturbance profile resulting from human and environmental agents, consistent with
multiple uses of the grave over time, post-cemetery disturbance from salvage and reclamation activities, and hydroturbation and root action.
Additionally, except for tombs that only contained Depositional Unit B501, the distribution of bone preservation suggested that higher levels consisted
mainly of small fragments resulting from context intermixing over time, consistent with tertiary burial conditions. Despite in-depth analysis, artifacts
could not be securely matched with skeletal remains.

In conclusion, the combination of Python® and R programming languages has shown great promise in cleaning, sorting, organizing, classifying,
quantifying, and modeling excavation data statistically, as well as visually using Geographic Information Systems (GIS). Python® allowed for
combining different sets of data quickly and when paired with R programming language, it aided in the efficient evaluation of complex statistical
relationships. Python’s® computational capabilities have remarkable potential for streamlining data in forensic archaeology and therefore can be
beneficial in a range of ways during post-excavation assessment of field records.
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A89 A Case from “EL TUBO”: An Analysis of Commingled and Highly Fragmented Skeletal Remains
Recovered From an Abandoned Water Exploration Well in Northeastern Mexico

Nicole Lambacher*, International Commission on Missing Persons (ICMP), Ubide, Pais Vasco, Spain, Caterina Raffone, BIOMICs Research Group,
Vitoria-Gasteiz, Pais Vasco, Spain; Sandra Sostaric, International Commission on Missing Persons (ICMP), Sarajevo, Federation of Bosnia and
Herzegovina, Bosnia and Herzegovina; Benito Ramos-Gonzdlez, Instituto de Criminalistica y Servicios Periciales, Fiscalia General de Justicia del
Estado de Nuevo Leon, Monterrey, Nuevo Leon, Mexico; Francisco Etxeberria Gabilondo, University of the Basque Country, San Sebastian, Pais
Vasco, Spain

Learning Overview: After attending this presentation, attendees will have an understanding of two new protocols for inventorying and describing
commingled human remains and appreciate both the advantages and the limitations of using these standardized procedures when dealing with
commingled human remains in forensic contexts.

Impact Statement: This presentation will impact the forensic science community by showing that a systematic and standardized approach to recording
commingled human remains provides a wealth of information to the analysis. Furthermore, using such an approach results in additional statistical data
for use in anthropological reports that allows for comparative studies and for the recording of skeletal completeness in a standardized and objective
manner.

The complexities associated with recording and analyzing commingled remains have been particularly highlighted in the forensic field following the
investigations of mass graves and investigations of human rights violations. Mass graves in the former Yugoslavia found in secondary contexts,
commingled cases in Chile, and in the Republic of Kiribati (Tarawa Project), etc., are just a few examples of complex cases of commingling.'* While
DNA is often cited as the most reliable method for resolving commingling, for challenging cases where preservation is poor and identification
hypotheses are limited (i.e., open context assemblages), its use is not fail-safe, and primarily anthropological techniques are being recommended.>>

In light of this premise, this presentation shares findings from a case in Nuevo Leon, Mexico, known as “EL TUBO.” The human remains from El
TUBO were recovered in a highly commingled and fragmented state from an abandoned water well, over several months. This presentation describes
the process from the recovery of the remains to the anthropological-anthropometric analysis including the assessment of relationship between
disarticulated and commingled body parts. The implementation of a standardized protocol for the inventory of the fragmented commingled material
provided a systematic and time-efficient recording process. This resulted in the inventory of a total of 23,828 bones and bone fragments, from which it
was possible to individualize 17 distinct individuals. Not surprisingly, the state of preservation influenced the success rate of the DNA analysis and the
attribution of bones to specific individuals. However, the detailed recording and analysis resulted in the positive human identification of 13 of the 17
individuals. Furthermore, the application of this methodology has allowed for the recording of a quantitative description of the individualized human
remains in a standardized and objective manner based on well-established formulas in physical anthropology to calculate the percentage completeness,
bone representation index, and fragmentation analysis for each set of remains.

The complexity of commingled cases is challenging, but nonetheless, the management of such collections needs to be discussed and standardized given
the difficulties they present. In summary, this case study is an attempt to outline and present a specific standardized methodology within the framework
of forensic protocols for the anthropological management of commingled remains.
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A90  The Reassociation of Disparate Elements at a Human Decomposition Facility

Rebecca L. George*, Western Carolina University, Cullowhee, NC; Reagan Baechle, UCL, Charlotte, NC; Autumn J. Hall, Western Carolina
University, Sylva, NC

Learning Overview: After attending this presentation, attendees will have a better understanding of the difficulties of reassociating disparate skeletal
elements from a human decomposition facility. The various organizational systems undertaken to manage this process will be reviewed.

Impact Statement: This presentation will impact the forensic science community by demonstrating the real-world impacts of skeletal commingling,
pair matching, and inventories from observing how an organizational system was developed for reassociation at a human decomposition facility.

The Forensic Osteology Research Station (FOREST) and associated Western Carolina Human Identification Laboratory (WCHIL) at Western Carolina
University in Cullowhee, NC, are home to an active willed body donation program that creates the foundation for the John A. Williams Human Skeletal
(JAW) Collection. Since FOREST’s opening in 2008, most donors have been placed on the surface to decompose naturally; this allows for scavengers,
mainly turkey vultures (Cathartes aura), black vultures (Coragyps atratus), and opossums (Didelphis virginiana), to interact with the donor remains.!
Prior to PVC cages being regularly used in the summer of 2023, donors were either left uncovered or were covered with black plastic tarping at various
points throughout their decomposition process at FOREST. This led to skeletal elements being scattered throughout the facility and not always
immediately reassociated with the correct donor, creating commingling situations. Elements that could not be reassociated out at FOREST had been
brought into WCHIL. Often, though not always, notes were taken as to where these disparate elements were located at FOREST, what donors they
were found by, and what date they were located, as well as any other pertinent information; the elements were not always processed of any remaining
dirt or tissue.

During the fall 2021 semester, a concerted effort was undertaken to begin systematically inventorying and organizing the disparate elements. At this
point, there were at least three boxes with notes of varying quality on sheets of paper identifying the elements within each box and which bags they
were in; it was discovered that these notes were not often accurate. Senior undergraduate students had been assigned that semester to create a digital
inventory in Excel® of what bones were present. Following completion of the master inventory sheet, students worked to reassociate elements with
their donor. As many bags of elements lacked appropriate notes, this effort was not overly successful; less than 20 disparate elements were reassociated
that semester.

For the following year, this method continued, though with more advanced students who had stronger osteology skills, making them more adept at
identifying pair matches and recognizing the degrees of human variation within the JAW Collection. It became apparent that the lack of consistent
skeletal inventories was also an issue for this project, so students were directed to create skeletal inventories whenever they encountered a donor without
one. This step was critical to realizing what was present or absent for each donor and often revealed other problems with the collection, such as the
commingling of elements that was not caught in the initial curatorial process. The presenting author overhauled the master inventory sheet and overall
collection of the disparate elements in December 2022. Elements were inventoried by bodily region, with boxes being numbered and bags within those
boxes being labeled to match these regions. Notes were also added to the sheet that included sex and age indicators, as well as which donors could be
missing these elements based on when they were found. Additionally, sex and age for donors within the JAW Collection were added to the master
inventory sheet so students working on this project could use that contextual information to better pair the elements to the appropriate donor. With this
new organizational system, the authors were able to reassociate at least 55 elements in just three and a half months. This mode of reassociation will be
augmented by the addition of a searchable database for all donor inventories, while the use of PVC cages at FOREST has thus far limited the amount
of scavenging and commingling of donor remains from occurring.

Reference:
I Klemm M. (2023). Animal scavenging of human skeletal remains in Western North Carolina. Proceedings of the American Academy of Forensic
Sciences, 75™ Annual Scientific Conference. 155. Orlando, FL. 2023.
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A91  De-Commingling the Past—When an Attempt to Resolve Misidentifications Results in Setbacks:
The Tihovici Case

Sandra Sostaric*, International Commission on Missing Persons (ICMP), Sarajevo, Federation of Bosnia and Herzegovina, Bosnia and Herzegovina;
Bojana Tomasevic, International Commission on Missing Persons (ICMP), Sarajevo, Federation of Bosnia and Herzegovina, Bosnia and Herzegovina;
Samra Terzic, International Commission on Missing Persons (ICMP), Sarajevo, Federation of Bosnia and Herzegovina, Bosnia and Herzegovina;
Almir Olovcic, KU Leuven, Heverlee, Viaams-Brabant, Belgium; Beisa Talic, International Commission on Missing Persons (ICMP), Sarajevo,
Federation of Bosnia and Herzegovina, Bosnia and Herzegovina

Learning Overview: The goal of this presentation is to outline an ongoing attempt to resolve individual presumptive misidentifications of human
remains from one commingled mass grave, exhumed in 1996 following the 1992—1995 Bosnian war. This case study will show how coordination and
due diligence should never be discounted in governmental intra-institutional efforts to address complex, non-routine cases such as decades-old
misidentifications.

Impact Statement: This presentation will impact the forensic science community by providing a vivid narrative of tackling presumptive
misidentifications as a complex project with intertwined actors and stakeholders and by offering a lesson on ethics: on unintended, avoidable, and
serious consequences.

Following the 1992-1995 Bosnian war, the mass post-war identification process in Bosnia and Herzegovina (BiH) has had two phases: the presumptive
identification phase of around 8,000 missing, starting even during the war with war-time exchanges, and the DNA-based identification phase, starting
in 2001, when the International Commission on Missing Persons (ICMP) established a human identification laboratory in Sarajevo, tasked with high-
throughput matching of postmortem samples from skeletal remains with blood reference samples of surviving relatives. -

A significant number of human remains that were presumptively identified originated from mass grave and mass deposition contexts, such as caves
and pits; however, there were cases of human remains from the same contexts which remained unidentified, even after the advent of DNA analysis,
indicating that their existence was a consequence of previous non-systematic presumptive misidentifications.> Subsequent DNA analysis of a limited
number of presumptive identifications indicated an error rate of 30-38%, but for specific commingled contexts that were excavated by inexpert
personnel, and which saw no adherence to scientific standards of forensic archaeology and anthropology, the error rate may be much higher.*

Misidentifications can impact at least two, if not more families: if the previous presumptive misidentification is not uncovered with DNA testing, then
the family of the victim buried under the wrong name will never find their missing family member. On the other hand, addressing a potential
misidentification can have serious negative consequences for the family that already had closure —psychological and socioeconomic—on the matter
decades ago.

We will outline a case study of a mass grave exhumed in 1996 in Tihovici, near Sarajevo, from which all but two sets of human remains were identified
presumptively and repatriated to their families. Decades later, DNA analysis of the remaining unidentified human remains and a targeted blood reference
sample collection project exposed a current error rate of 100% for the previous presumptive identifications from this mass grave and triggered a domino
effect of reexhumations. We will discuss the right and wrong ways to approach such a situation through the lenses of ethics, rule-of-law mechanisms,
and psychosocial impact.
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A92  Matching Antimeres: Prospects and Limitations of Statistical Methods for the Reassociation of
Commingled Left and Right Humeri

Erica Baer*, Kean University, Union, NJ; Xenia Paula Kyriakou, University of West London, Fort Myers, FL

Learning Overview: This presentation will provide support for the use of statistical methods when reassociating commingled remains. After attending
this presentation, attendees will better understand the prospects of employing statistical analysis in conjunction with visual techniques valid for sorting
commingled remains.

Impact Statement: This presentation will impact the forensic science community by informing attendees that traditional methods of reassociation
related to commingled remains rely on subjective analyses, such as visual matching of traits (for example, texture, coloration, and density).! The
addition of statistical metrics in this process provides a framework for the quantification of pair-matching and, thus, a more objective approach that can
add validity to pairing determinations.

For this study, the sample included humerus measurements from 119 individuals of Greek-Cypriot ancestry from the Cyprus Research Reference
Collection (CRCC) (1975-2015). These measurements were used to evaluate the use of two statistical techniques to pair antimeres: m-statistic and
linear regression. Recent research has shown the benefits of discriminant function analysis in pairing antimeres and of linear regression in pairing bones
in the lower and upper limbs.!-3 Additional research has suggested the use of m-statistics to aid in the exclusion of non-matching pairs.*

M-statistics compare the difference between two measurements by creating a proportion of the average value. M-statistics were calculated for all
individuals in the sample and the distributions for each measurement location were found to be non-normal for males, females, and the total sample.
Given this result, previous metrics were not optimal for use as an exclusionary method.* Therefore, a log transformation of the data was conducted,
and one-tail 95% confidence intervals were created using a modified Cox method.® This method did not achieve the desired results, with 167 of the
899 total measurements (18.59%) falling outside the confidence interval. For females, 73 of 467 measurements fell outside the confidence interval
(15.63%), and for males 81 of 432 measurements fell outside the confidence interval (18.75%). However, counting the number of matched measurement
pairs that are excluded per individual, only 8 of 115 (6.96%) had five or more measurement pairs excluded. For females, only 4 of 60 (6.67%) had five
or more measurement pairs excluded. For males, only 3 of 55 (5.45%) had five or more measurement pairs excluded.

Two linear regression equations were developed for each measurement location. The first equation was a simple linear regression predicting the left-
side measurement from the right-side measurement. For the second equation, sex was added as a potential predictor and was found to be a significant
predictor for half of the measurement locations. The resulting linear regression equations showed strong coefficients of determination (° = 0.583—
0.910) and low residual standard error (RSE = 0.787-6.528). All analyses were evaluated using R Studio 4.2.1.

The results indicated that linear regression outperformed m-statistic in this case, as it provided excellent predictions with high levels of accuracy. In
comparison, m-statistics do not provide as much predictive power, as by definition, they are measures of exclusion, rather than inclusion. Still, m-
statistics may add some benefit in aggregate, as approximately 95% of individuals had fewer than half of the measurement locations excluded based
on 95% confidence intervals. Therefore, evaluating m-statistics for the entire bone, rather than per measurement location, may prove useful as a method
of exclusion. In sum, statistical techniques, especially linear regression, will provide added benefit to researchers already using visual or other
techniques when reassociating commingled remains.

References:

- Anastopoulou, L., Karakostis, F. A., & Moraitis, K. (2019). A reliable regression-based approach for reassociating human skeletal elements of the
lower limbs from commingled assemblages. Journal of Forensic Sciences, 64(2). doi: 10.1111/1556-4029.13884.

Santos, F. & Villotte, S. (2019). Using quadratic discriminant analysis for osteometric pair-matching of long bone antimeres: An evaluation on
modern and archaeological samples. International Journal of Osteoarchaeology, 29(6), 1022-1033. DOI: 10.1002/0a.2815.

Anastopoulou, I., Karakostis, F. A., Eliopoulos, C., & Moraitis, K. (2020). Technical note: Development of regression equations to reassociate
upper limb bones from commingled remains. Forensic Science International, 315. DOI: 10.1016/j.forsciint.2020.110439.

4 Thomas, R. M., Ubelaker, D. H., & Byrd, J. E. (2013). Tables for the metric evaluation of pair-matching of human skeletal elements. Journal of
Forensic Sciences, 58(4), 952-956. DOI: 10.1111/1556-4029.12133.

Olsson, U. (2005). Confidence intervals for the mean of a log-normal distribution, Journal of Statistics Education, 13(1). DOI:
10.1080/10691898.2005.11910638.

Statistical Analysis; Commingled Remains; Humerus

Copyright 2024 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 - 135 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2024

A93  The Chemical Reassociation of Commingled Remains Via Laser-Induced Breakdown Spectroscopy

Kristen Livingston™, University of Central Florida, Orlando, FL; Katie Zejdlik, Western Carolina University, Cullowhee, NC; Jonathan Bethard,
University of South Florida, Tampa, FL; Matthieu Baudelet, University of Central Florida, Orlando, FL

Learning Overview: This presentation describes the utility of Laser-Induced Breakdown Spectroscopy (LIBS) in the sorting of commingled remains.
After attending this presentation, attendees will understand how chemical profiles obtained via LIBS provide valuable information for differentiating
individuals’ remains.

Impact Statement: This presentation will impact the forensic science community by explaining the feasibility of reassociating skeletal assemblages
based on chemical information. This study shows how chemical analysis may supplement existing physical methods for sorting commingled remains
and thus promotes interdisciplinary collaboration.

A major challenge in forensic anthropology is the development of efficient and effective methodologies for sorting skeletal remains in mixed
assemblages.! Reassociating bones to their respective individual using physical and morphological traits is a tedious process, especially if the bones
are fragmented or have undergone taphonomic changes. Examining the chemical composition of bone may provide valuable information to support the
sorting process. Several studies have shown that chemical variation exists between individuals’ bones as a result of various factors, such as diet, health,
and living environment.>* This study explores how the chemical profile of bones may be incorporated into a method for classifying commingled
remains. The chemical information from bones is acquired using LIBS. LIBS is a visually non-destructive analytical technique used to obtain chemical
information from the surface of a sample in seconds. Furthermore, the commercial availability of field-deployable, portable LIBS instruments
contributes to efficient analysis of skeletal samples in the field.

In this study, LIBS profiles were collected from 1,284 bones across 45 individuals from the John A. Williams documented skeletal collection. In total,
over 8,000 chemical signatures from the skeletal remains were acquired for statistical testing. A newly developed feature selection algorithm based on
principal component analysis was combined with machine learning models such as linear discriminant analysis. The approach revealed which chemical
elements varied most between individuals and classified bones to their corresponding individuals with an accuracy ranging from 85% to 100%. These
findings demonstrate how chemical information of bone may be key for expediting reassociation of large skeletal assemblages recovered in a forensic
context. Ultimately, this research study provides evidence that LIBS is a promising technique to complement the reassociation methods currently
available to forensic anthropologists.

Note: This project is supported by NIJ Award #15PNIJ-21-GG-04151-SLFO, “Pre-grouping of commingled skeletal remains by elemental analysis.”
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A94  Don’t Forget About ME: How Material Evidence Can Inform (or Complicate) Commingling From the
Battle of Tarawa

Allison M. Campo*, US Department of Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI; Rylan Tegtmeyer Hawke, SNA
International Supporting the Defense POW/MIA Accounting Agency, Waipahu, HI

Learning Overview: This presentation will combine historical records, modern archaeological excavation, and modern-day forensic identification and
accounting practices to demonstrate the complications that can arise from both the use, and misuse, of incorporating Material Evidence (ME) or
recovered personal effects into the resolution of commingled skeletal assemblages. After attending this presentation, attendees will better understand
the nuances and potential pitfalls associated with historic and modern archaeological recovery as they relate to the use of material evidence in positive
identification.

Impact Statement: This presentation will impact the forensic science community by showing the contributions that material evidence and personal
effects can make to the resolution of commingled skeletal assemblages and the identification of skeletal remains, but also highlight where caution
should be applied when associating such items with a single individual within a commingled assemblage.

During World War II, from November 20-23, 1943, United States forces invaded and fought for control of the Japanese-occupied Betio Island as part
of an island-hopping campaign in the Pacific. The battle (known as the Battle of Tarawa) resulted in the loss of over 1,000 United States service
members with approximately 375 individuals still unaccounted-for. The Defense POW/MIA Accounting Agency (DPAA) is responsible for the location,
recovery, identification, and repatriation of the remains of unaccounted-for service members and, since 1979, the DPAA (and its predecessor
organizations) along with History Flight, Inc., a DPAA strategic partner, have conducted excavations to recover the remains from the Battle of Tarawa.
Complications such as battlefield burial practices, the relocation of grave markers, and repeated disinterment and reinterment of remains have affected
modern-day accounting practices and contribute to struggles surrounding the resolution of the commingled remains. Many of the individuals who were
buried following the battle were buried with associated personal effects, which, historically, were used to aid in identification. These items can also
assist in the resolution of commingled assemblages during present-day analysis and can provide a unique insight into battle history and the prioritization
of equipment and personal effects during military campaigns.

However, the inaccurate association of material evidence in the past due to the inexperienced and incomplete recovery of remains can contribute to
pitfalls with modern-day accounting practices. The value placed on material evidence in the historic record, and how we approach the presence of
personal effects within commingled assemblages in forensic investigations today, has far-reaching implications for identification within these contexts.
While the presence of material evidence can reconstruct both past events and the relationship an individual may have had with the people and places
around them, its association and utilization in positive identification of skeletal remains should be done carefully and with a strong understanding of
the environment and context in which both the remains and evidence was found.

Archaeology; Commingling; Anthropology
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A95  Preliminary Longitudinal GPR Data on an Experimental Secondary Mass Grave at the ARISTA Forensic
Taphonomy Facility

Coen Nienaber*, Netherlands Forensic Institute, Den Haag, Zuid-Holland, Netherlands; Xenia Paula Kyriakou, University of West London, Fort
Myers, FL
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A96 The Dirt on DNA: Utilizing Soil as Evidence of Clandestine Burials and Mass Graves

Meradeth H. Snow*, University of Montana, Missoula, MT; Kaylee Hinds, MA, University of Montana, Missoula, MT; Atlantis Baron, BA, University
of Montana, Missoula, MT

Learning Overview: The use of DNA in mass grave scenarios is often limited to the testing of individuals and the attempt to reassociate comingled
remains. However, as attendees at this presentation will learn, there are several ways in which DNA from the surrounding soil can be applicable toward
mass grave scenarios. These include: aiding with identifying primary, secondary, and tertiary mass grave location; managing non-destructive analysis
of the remains themselves; and the use of the microbiome for identification purposes.

Impact Statement: This presentation will impact the forensic science community by addressing ways in which soil DNA can be obtained and analyzed,
allowing for a larger toolkit for identification and management of mass graves. The operationalization of these methods into a practical set of guidelines
or best practices can serve those working in humanitarian forensics and help facilitate the extraction and analysis of DNA from soil.

DNA evidence from soil is typically not the first choice of forensic professionals working at any kind of crime scene, especially that of mass graves.
Soil is often seen as the material that must be removed to facilitate identifications. However, the soil within a burial context houses a great deal of
information regarding the individuals interned within it or on its surface. Through analyses completed, as well as work within the ancient DNA field,
DNA from individuals will leach into the surrounding soil, thus creating a potentially rich microbiome that contains human DNA and differs from the
surrounding soil.* This DNA can be detectible at the surface level (influenced primarily by the soil type and environment), allowing for soil DNA
testing to facilitate unknown burial location detection with a relatively low-cost and low-labor method.

Soil also has the benefit of being tested for DNA from individuals without requiring destruction of the remains. As there are many cultures who prefer
to retain their relation’s remains as intact as possible, the ability to sample soil surrounding the remains affords the ability to avoid drilling or hazardous
chemical exposure of the remains—as well as potentially avoiding disruption of the burials at all. An example of where this would be a key addition to
the best practices would be the boarding school burials of Native American children that are scattered across North America.*

The development of this process whereby we create standard methods that can be implemented toward the sampling, transportation, DNA analysis, and
then individual identification is ongoing. Preliminary analysis utilizing pig limbs to test the movement of DNA in the soil in the Montana forests
throughout the summer and fall has demonstrated that DNA lingers in the soil both below the surface and on the surface above the burial, even after
the removal of the limbs, for an extended length of time.! Additionally, contaminants in the soil (arsenic, cadmium, etc. from mining activities) influence
the movement and longevity of pig DNA within the soil, ostensibly as they also influence microbial activity.> Additional work in this area will continue
to aid in the ability to identify and restore individuals to their families, which in turn promotes justice for the victims.
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A97  The Multidisciplinary Resolution of American Military Casualties From the Korean War

Veronica A. Keyes, Defense POW/MIA Accounting Agency, Waianae, HI; Julie Evo*, Amentum, Honolulu, HI; Matthew C. Go, SNA International in
Support of the Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI; Esther H. Choo, Defense POW/MIA Accounting Agency
(SNA International), Joint Base Pearl Harbor-Hickam, HI; Paulina Dominguez Acosta, SNA International in Support of the Defense POW/MIA
Accounting Agency, Waipahu, HI; Krystal Estrada, SNA International in Support of the Defense POW/MIA Accounting Agency, Kapolei, HI; Amanda
R. Hale, DPAA Laboratory/SNA International, Kaneohe, HI; Amanda N. Friend, SNA International in Support of DPAA Hawaii, JBPHH, HI; Reshma
Satish, SNA International in Support of the Defense POW/MIA Accounting Agency, Honolulu, HI; Melissa Menschel, SNA International in Support of
the Defense POW/MIA Accounting Agency, Honolulu, HI

Learning Overview: This presentation will demonstrate the multidisciplinary, complex, and systematic analytical process used in the identification of
deceased United States military personnel from the Korean War through multiple case studies. After attending this presentation, attendees will have a
better understanding of the complexity involved in the processing of commingled remains, including the triage, segregation, and name association
workflows that support recommendations for identification.

Impact Statement: This presentation will impact the forensic science community by sharing the successful, multifaceted approach utilized by the
Defense POW/MIA Accounting Agency (DPAA) to process, analyze, and identify commingled remains from the Korean War. This promotes and
highlights the necessary collaboration from multiple disciplines to achieve the identification of individuals from commingled contexts.

The DPAA’s mission is to provide the fullest possible accounting of missing United States service members from past conflicts to their families and
the nation. The DPAA’s Scientific Analysis (SA) directorate is the largest forensic skeletal identification laboratory in the world, employing a
multidisciplinary team of anthropologists, odontologists, DNA and stable isotope scientists, and war historians, among other specialists.! One of the
many conflicts investigated by the DPAA is the Korean War, which claimed the lives of approximately 36,500 United States service members in its
three years, of which nearly 7,500 are still unaccounted for.

The Korean War Identification Project (KWIP) was established in 2011 to support the analysis and identification of United States causalities recovered
from the Korean War. The impetus for the project’s formation was the recognition that the remains being received and recovered were often highly
commingled. For example, many boxes from unilateral turnovers were initially thought to contain single individuals, but DNA analysis produced
multiple mitochondrial DNA (mtDNA) sequences per accession. The high degree and complexity of commingling observed in the Korean War remains
necessitated the development of a systematic workflow that focuses on the segregation of remains into individuals by aggregating data from multiple
lines of evidence. As such, KWIP’s mandate is primarily the segregation and name association of these commingled remains. KWIP cases are
approached in two ways: (1) mtDNA sequence-based or (2) accession-based. Case examples of each approach and the challenges they involve will be
presented. This process has been formalized within DPAA-SA by the Commingled Human Remains analysis (CHR) standard operating procedure. The
CHR process originally developed by KWIP has now been adopted by all other special projects involving commingled remains within the DPAA. The
marked success of using a multidisciplinary approach to resolving commingling is highlighted by several complex case studies. These cases will
demonstrate the synthesis of DNA, stable isotope, historical, archacological, anthropological, odontological, and radiological evidence that is used to
resolve commingling and support identification while also working with family members towards resolution. Overall, KWIP represents a unique
assemblage involving highly commingled human remains associated with thousands of unresolved service members with multiple proveniences. As of
July 2023, KWIP has identified a total of 664 United States service members and repatriated more than 300 foreign allies to their home countries,
illustrating the strength of this approach.

Reference:

- Go, Matthew C., Veronica A. Keyes, Jessamy H. Doman, Kristen M. Grow, Amanda R. Hale, Elizabeth Nagengast-Stevens, Briana T. New,
Devin N. Williams, and Jennie JH Jin. The Korean War Identification Project: 30 years of expanding scope and complexity in the accounting of
American war dead. Wiley Interdisciplinary Reviews: Forensic Science (2023): e1485.
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A98 The Role of Starvation in the Underestimation of Living Stature from Skeletal Remains

Maryann Hobbs* SNA International in Support of the Defense POW/MIA Accounting Agency, Honolulu, HI; Rylan Tegtmeyer Hawke, SNA
International in Support of the Defense POW/MIA Accounting Agency, Waipahu, HI

Learning Overview: After attending this presentation, attendees will understand the potential role that severe dietary deficiency plays in the
underestimation of living stature from human skeletal remains.

Impact Statement: This presentation will impact the forensic science community by bringing awareness to the potential impact that severe dietary
deficiency has on stature and living stature estimation and how to mitigate the risk of underestimating stature in affected populations.

The estimation of stature is a key component in the forensic identification of unknowns. In commingled assemblages, stature is often used as one line
of evidence, capable of assisting in the segregation of remains, as well as helping to strengthen or rule out potential identification matches. Previous
research has shown that changes to stature are not only a function of developmental stage, but that bone growth and stature are particularly sensitive to
nutrition and dietary wellness. Despite this, dietary deficiencies and other nutritional considerations are rarely incorporated into stature analyses or
interpretations, leaving the potential for an underestimation of living stature based on skeletal measurements.

This study compares the recorded living statures to the forensically estimated postmortem statures of two temporally consistent populations to determine
if known dietary deficiency impacted stature estimations during the identification process. The first sample population consists of individuals who died
during internment in the Cabanatuan Prisoner of War Camp during World War II; the second sample population consists of individuals who were killed
during the World War II Battle of Tarawa. The individual records from Cabanatuan had documented a pattern of extensive dietary deficiencies preceding
burial at the Camp.

The study consisted of 141 individuals from Tarawa and 24 individuals from Cabanatuan (n=165). All individuals were between the ages of 1848,
with an average age of 23 years. While the correct stature was captured within the 95% Confidence Interval (CI) for all individuals identified and living
stature was consistently underestimated from the Probability of Identity (PI) across the board, the degree to which stature was underestimated for those
individuals from Cabanatuan was demonstrably more significant than those individuals from Tarawa (mean difference Cabanatuan 1.26 inches, mean
difference Tarawa 0.40 inches; p=0.003). The extent to which the forensically ascribed stature and living stature vary between those individuals who
had documented cases of severe nutritional arrest and dietary deficiency and those who do not reaffirms that stature is sensitive to outside pressures
and that health status at time of death may affect stature estimation.

This research highlights the role that nutrition and diet, particularly around the time of death, play in forensic and living stature estimation. While it is
widely accepted that nutritional stress may interrupt skeletal development in the skeletally immature, correction factors for stature decrease are rarely
employed for adults under 45 years of age. It is proposed that in order to mitigate the risk of underestimating stature and preemptively or falsely
excluding a potential identification match,-researchers take into consideration additional contributing factors—such as severe dietary deficiencies—
when making exclusions based on stature, regardless of age.

Stature; Diet; Mass Graves
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A99  Mass Graves: An Analysis of Injuries and Causes of Death

Nermin Sarajlic*, University of Sarajevo, Sarajevo, Federation of Bosnia and Herzegovina, Bosnia and Herzegovina

Learning Overview: The goal of this presentation is to focus on the determination of cause and manner of death for human remains exhumed from
mass graves in Bosnia and Herzegovina and the distinction between antemortem and perimortem trauma, as well as postmortem breakage in these.
This presentation will discuss the challenges encountered in the identification of trauma on human remains in different degrees of decomposition and
how these challenges are mitigated.

Impact Statement: This presentation will impact the forensic scientific community by showcasing the application of forensic science in overcoming
challenges in the identification of trauma on human remains and present examples from casework conducted in a humanitarian setting. Attendees will
learn how the work of the local forensic team supports the Transitional Justice framework in Bosnia and Herzegovina.

The modern history of the Balkans is painted in blood. The Yugoslav wars, a series of conflicts between different Balkan nations in part of what is
today former Yugoslavia, had devastating consequences for the people of the region, and mass atrocities are seen in the discovery of mass graves.
Bosnia and Herzegovina were affected by a war that lasted four years between 1992 and 1995, which has left more than 30,000 missing persons. Mass
graves in Bosnia and Herzegovina are characterized by varied burial conditions. To this day, a total of 23,000 sets of human remains have been exhumed
from numerous mass graves ranging from burials in the ground, pits, wells, septic tanks, and caverns. Human remains were occasionally also found
exposed and unburied above ground, placed in open fields, meadows, and forests. While the majority of the remains were found completely
skeletonized, occasionally, in some instances, individuals were found saponified or mummified depending on the burial conditions they were found in.

During forensic postmortem autopsy of remains exhumed from these mass graves, it has been noted that these remains often exhibit morphologies and
defects associated with postmortem modification to the bones, especially postmortem breakage. Similarly, injury to preserved internal organs under
postmortem conditions may also pose a problem. It is deduced that this is in part due to the variable burial conditions and mode of deposition of the
remains in primary mass contexts; the transfer of the remains from primary to secondary, or even tertiary, mass graves while undergoing decomposition
and/or have been skeletonized; processes of decomposition themselves such as the effect of saponification; and also in part due to the different forensic
archaeological techniques used during the exhumation process.

The Transitional Justice model established for Bosnia and Herzegovina revolves around the accounting and repatriation of these missing persons and
has justice for the victims at its core. As a result, the identification and interpretation of trauma, as it relates to cause and manner of death, is central to
forensic analysis as it is paramount in securing the conviction of perpetrators. Similarly, the assessment of antemortem injuries is not only important in
the legal process in order to determine the cause of death, but it is also helpful in the identification process when considering antemortem information
obtained from family members or witnesses about injuries sustained. Therefore, the assessment of antemortem injuries for individuals retrieved from
such mass grave, commingled, contexts in Bosnia and Herzegovina is a challenging task. It requires a multidisciplinary approach and a good
understanding of the interplay between the everchanging field conditions, forensic taphonomy, and how these may affect skeletal structures and
subsequent determination of the cause of death.

Mass Graves; Cause of Death; Forensic Pathology
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A100 Substance Misuse, Stress, and Sternal Rib End Morphology: Implications for Forensic Age Estimation

Christine M. Pink*, Western Michigan University Homer Stryker M.D. School of Medicine, Kalamazoo, MI

Learning Overview: This presentation demonstrates the effects of chronic drug misuse on age-at-death estimation using the morphology of the fourth
sternal rib end. Attendees of this presentation will have a better understanding of how chronic environmental stress affects morphological indicators of
age in the skeleton.

Impact Statement: This presentation will impact the forensic science community by informing attendees that in the context of a drug overdose
epidemic, forensic anthropologists should consider the potential effects of chronic substance misuse on morphological, or phenotypic, indicators of
biological age in the skeleton. These data indicate that secular change is occurring in the morphology of the fourth sternal rib end.

One of the basic tenants of method development and application in forensic anthropology is that the reference sample should be an accurate and
unbiased representation of the subject under analysis. Since 2014, drug-related mortality has risen precipitously, and synthetic opioids have been the
primary driver of this trend. Synthetic and non-synthetic opioids are known to have variable effects on bone metabolism and healing.! In a more global
sense, substance misuse is accompanied by a variety of environmental stressors, including housing insecurity, food insecurity, risk of infectious disease,
and risk of accidental injury. This study investigates whether an individual experiencing significant prolonged stress due to drug misuse behaviors will
exhibit premature skeletal aging. This preliminary study compares phase scores of the fourth sternal rib end in decedents with a reported history of
substance misuse and those with no drug-misuse history. Bone Marrow Adipose Tissue (BMAT) volume is presented as a potential biomarker of stress.

From December 2022 through June 2023, the fourth sternal rib end was sampled from decedents receiving a full autopsy at the Western Michigan
University Homer Stryker M.D. School of Medicine (WMed). The Department of Pathology and Office of the Medical Examiner are co-located at
WMed. Over seven months, 202 ribs (n=135 substance users; n=67 no substance misuse) were sampled. The ribs were scored following Hartnett’s
system.? Males scored Phase 4, 5, 6, and 7 have a sufficient balanced sample to evaluate differences of mean age for a given phase by drug misuse
history. In all four phases, the mean age of decedents with a drug misuse history is younger than the decedents with no history of drug misuse. The
difference in mean age was tested using a Wilcoxon Rank Sum test with significant differences in Phase 6 and Phase 7 males (p=0.0500 and p=0.0166,
respectively). All four phases exhibited significant differences in mean age at <0.10. These preliminary data suggest that forensic anthropologists will
systematically over-age males with a history of drug misuse.

Although the synthetic opioid fentanyl is detected in the postmortem toxicology of most drug overdose deaths, the norm is for individuals to use
multiple substances that include both Central Nervous System (CNS) depressants and stimulants. This study does not consider decedents’ preference
for CNS depressant versus stimulant drugs. Different substances undoubtedly affect bone metabolism diversely; however, this study argues that the
overall stressful environment of people with substance use disorders is more important in the expression of fourth sternal rib end morphology than the
specific substances used.

BMAT was recently identified as a unique type of adipose tissue with osteoclastogenic and insulin resistance properties. The relative volume of BMAT
is an indicator of stress where individuals under higher stress tend to have more BMAT.? All the decedents at WMed are imaged by Computed
Tomography (CT) upon intake. The relative volume of BMAT to bone marrow in the manubrium, sternum, and xiphoid process was measured from
CT data. Initial results from a small subset (n=9; n=5 substance misuse, n=4 no substance misuse) indicate that regardless of sex, decedents with a drug
misuse history have more BMAT relative to bone marrow. The pattern suggests that BMAT is a sensitive biomarker of stress, and that decedents with
a drug misuse history are subject to more stress than those with no drug misuse history.

These study findings demonstrate significant secular change occurring in the United States population with respect to skeletal age indicators. Reference
samples that are the basis for rib aging methods are in need of updating in an environment of increased drug-related morbidity and mortality.

References:

- Coluzz, F., Scerpa, M. S. & Centanni, M. The Effect of Opiates on Bone Formation and Bone Healing. Current Osteoporosis Reports vol. 18
325-335 Preprint at https://doi.org/10.1007/s11914-020-00585-4 (2020).

2 Hartnett, K. M. Analysis of age-at-death estimation using data from a new, modern autopsy sample - Part II: Sternal end of the fourth rib. J
Forensic Sci 55, 1152—-1156 (2010).

3 Muruganandan, S., Govindarajan, R. & Sinal, C. J. Bone Marrow Adipose Tissue and Skeletal Health. Current Osteoporosis Reports vol. 16 434—
442 Preprint at https://doi.org/10.1007/s11914-018-0451-y (2018).

Age Estimation; Drug Abuse; Biomarkers

Copyright 2024 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 - 143 -



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Anthropology—2024

A101 Aging Increases Regional Variation in the Pore Morphometry of Human Ribs

Mary E. Cole*, The Ohio State University, Columbus, OH; Yun-Seok Kang, The Ohio State University, Columbus, OH; Amanda M. Agnew, The Ohio
State University, Columbus, OH

Learning Overview: After attending this presentation, attendees will understand the importance of accounting for cross-sectional variation, age, and
sex in quantifying porosity.

Impact Statement: This presentation will impact the forensic science community by improving understanding of sources of intraskeletal variation in
porosity, a key determinant of bone quality and fragility.

Porosity is an independent predictor of fracture risk, particularly at common sites of osteoporotic fracture. Pores concentrate mechanical stress, allowing
microcracks to initiate and propagate into fracture even under low nominal stress. Localized mechanical strain also regulates the frequency and extent
of bone remodeling, influencing how pore systems are shaped and modified over the lifespan. Defining relationships between this strain patterning and
the resulting pore structure should improve predictions about pore morphometry in a tissue region, strengthening inferences about fragility. In the
human midthoracic rib, simplified bending places the cutaneous and pleural cortices into opposing tension and compression. Histological studies have
identified a significant elevation of percent porosity in the cutaneous cortex, compared to the pleural cortex. Porosity also increases with age, especially
as pores expand and coalesce from small, rounded “cortical” pores into large, irregular “trabecularized” pores. The objective of this research was to
investigate whether pore morphometry also displays regional patterning, and whether these patterns are altered by pore type, age, and sex.

Human midthoracic ribs (n = 124, [males = 76, females = 48], 22-97 years old, mean = 57.4 years) were cross-sectioned at the midshaft, histologically
prepared, and imaged at 100X magnification. Pore morphometry was quantified with a custom ImageJ macro, Pore Extractor 2D for each pore type
(all pores, cortical pores only, trabecularized pores only) within each rib region (cutaneous cortex, pleural cortex).! For each pore type, linear mixed
models compared pore morphometry between the cutaneous cortex and pleural cortex, co-varying and interacting with age and sex.

Percent porosity was significantly higher in the cutaneous cortex for all pores, without age interaction (p <0.001). Cortical percent porosity was initially
also higher in the cutaneous cortex, but the pleural cortex increased more with age, and surpassed the cutaneous cortex around the sixth decade (p =
0.002). Trabecularized percent porosity remained significantly higher over the lifespan and increased more with age in the cutaneous cortex (p = 0.022).

Pore density was initially higher in the cutaneous cortex for all pores (p <0.001) and cortical pores (p <0.001) but was surpassed by a steep increase in
the pleural cortex in middle age. Trabecularized pore density was significantly higher in the cutaneous cortex, without age interaction (p <0.001).

Pore size (mean pore maximum diameter) and pore elongation (mean pore aspect ratio) were both significantly higher in the cutaneous cortex for
cortical pores (p <0.001). Males maintained larger, more elongated trabecularized pores in the cutaneous cortex over the lifespan. Females initially
formed especially large, elongated trabecularized pores in the pleural cortex, which decreased with age. Increases in cutaneous cortex size and
elongation overtook the pleural cortex around the sixth decade (p = 0.002).

Regional differences in pore morphometry accelerated with age, shifting the cutaneous cortex toward trabecularized porosity and the pleural cortex
towards cortical porosity. Trabecularized porosity, trabecularized pore density, and overall pore size remained highest in the cutaneous cortex across
the lifespan. Cortical porosity and cortical pore density were initially also highest in the cutaneous cortex but were overtaken by the pleural cortex in
middle to older adulthood. Regional strain mode appears to influence not only the extent of porous bone loss, but also the preferred mechanism of
either trabecularization or cortical pore formation.

Reference:

I Cole ME, Stout SD, Dominguez VM, Agnew AM. 2022. Pore Extractor 2D: An Imagel toolkit for quantifying cortical pore morphometry on
histological bone images with application to intraskeletal and regional patterning. American Journal of Biological Anthropology 179(3): 365-385.
https://doi.org/10.1002/ajpa.24618.
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A102 Testing a Novel Method for Estimating Adult Age at Death From the First Rib in Forensic Casework

Amy Joy Spies*, Department of Basic Medical Sciences, University of Arizona College of Medicine-Phoenix and Department of Interdisciplinary
Health Sciences, A.T. Still University - Arizona School of Health Sciences, Mesa, AZ; Kaitlyn J. Fulp, Arizona State University, Scottsdale, AZ; Laura
C. Fulginiti, Maricopa County Office of the Medical Examiner, Phoenix, AZ

Learning Overview: This presentation utilizes characteristics of the first rib to test a novel method of estimating the ages at death of unknown decedents
in forensic casework. After attending this presentation, attendees will better understand that scoring the ribs using the current descriptions and
photographic references is difficult, yielding age-at-death estimates with extended ranges.

Impact Statement: This presentation will impact the forensic science community by demonstrating that novel methods of estimating adult age at death
need to be tested to be validated. The proposed method of estimating age at death using the first rib is difficult to use but may be improved with further
modifications.

Age at death is one of the first traits estimated when developing a biological profile of an unknown decedent. The first rib, which is more robust than
the traditionally assessed fourth rib, more commonly recovered in skeletal cases, and more easily identifiable, has been proposed to yield reliable age-
at-death estimates using a probabilistic approach.! However, Daubert criteria requires that the applicability of this method in forensic casework be
validated.

The aim of this study is to test the method proposed by Luna and Aranda for estimating adult age-at-death from the first rib.! The sample consists of
32 first ribs from decedents at the Maricopa County Office of the Medical Examiner and the Forensic Anthropology and Bioarchaeology Laboratory at
Arizona State University. The articular surfaces and periarticular margins of the costal surfaces and heads of these ribs were scored following guidelines
by Luna and Aranda.! Twenty ribs were scored independently by each author to determine inter-observer repeatability, and ten ribs were scored twice
by the same author two months apart to calculate intra-observer error. Rib scores were used to estimate the age at death of each decedent, and these
estimated ages were compared to actual ages or mean estimated ages using the pubic symphyses and fourth ribs.23 The Tau B coefficient (t) showed
that inter-observer repeatability was moderate to good (t = 0.53-0.92), and intra-observer repeatability was good (t = 0.81-1.00). Age estimation
accuracies were 9.4% for within 1 year of the actual age at death, 12.5% for within 2.5 years, 31.3% for within 5 years, and 43.8% for within 10 years.
These accuracies are much lower than those reported by the original authors (43.5%-94.7%), and the method, at present, does not improve on current
methods for use in forensic casework. Each author found the ribs difficult to score by using the current category descriptions and photographs as a
guideline. As a result, ribs may have been scored incorrectly, resulting in inaccurate age-at-death estimates. More detailed descriptions and clearer
photographs of each category may aid in increasing the accuracy and inter-observer repeatability of this method, and thus its applicability in forensic
casework. This method may be used with caution if traditional elements are unavailable to assess.

References:

" Luna, L. H., and Aranda, C. M. (2022). Adult age-at-death estimation using the first rib: A simple probabilistic approach. Journal of Forensic
Sciences, 67, 2173-2191. https://doi.org/10.1111/1556-4029.15119.

Hartnett, K.M. (2010). Analysis of age-at-death estimation using data from a new, modern autopsy sample—Part I: Pubic bone. Journal of
Forensic Sciences, 55(5), 1145-1151. https://doi.org/10.1111/].1556-4029.2010.01399.x.

Hartnett, K.M. (2010). Analysis of age-at-death estimation using data from a new, modern autopsy sample—Part II: Sternal end of the fourth rib.
Journal of Forensic Sciences, 55(5), 1152-1156. https://doi.org/10.1111/1.1556-4029.2010.01415 .x.
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A103 The Utility of Deciduous Dental Microstructures in Forensic Anthropology

Marin Pilloud*, University of Nevada, Reno, Reno, NV; Christopher Aris, Keele University, Staffordshire, England; Emily Smith, University of Nevada,
Reno, Reno, NV

Learning Overview: After attending this presentation, attendees will better understand how the Neonatal Line (NNL) can be used in forensic
anthropological analysis to estimate age and identify a live birth.

Impact Statement: This presentation will impact the forensic community by demonstrating the utility of the NNL in medicolegal death investigations
and will aid in the development of more precise and statistically accurate age estimates within a forensic context. It also serves to identify the utility of
accentuated striae as indicators of general stress events.

The dental enamel serves as a record of growth and development in utero through to late adolescence. Enamel cross striations (i.e., daily secretions of
enamel) can be used to count days of enamel deposition to create age estimation methods and to understand dental development. The enamel can also
record episodes of non-specific stress in the form of accentuated striae. These striae can be identified in histological cross-section of the enamel under
low magnification. The first identifiable accentuated stria in the enamel is considered to be the NNL, an artifact found in the enamel microstructure of
teeth associated with an individual leaving the intrauterine space. As such, the NNL can be used to identify a live birth, is a means to calculate age since
birth, and can be used as a marker of events pre- and post-birth visualized in the dental structure. However, not much is known about the NNL, including
how often it occurs, why it occurs, which teeth best illustrate the NNL, nor how long a tooth needs to develop before and after the development of the
NNL for it to be visualized. This preliminary study aims to fill this gap through an investigation of microanatomy of the NNL (and accentuated enamel
striae) of deciduous teeth and associated structures.

Dental histological slide preparation was undertaken on a sample of two individuals with known prenatal and postnatal health, gestational age, and sex
(with permission of both parents and children in the United States). All available naturally exfoliated deciduous teeth were sectioned for analysis
(n=22), which included each tooth type in the dental arcade for the upper and lower jaws. The NNL was recorded, and its width documented. Data were
recorded on the number of cross-striations visible prior to and after birth. Accentuated striae in the enamel were also recorded and correlated to known
health events of the two individuals.

Preliminary results indicate that the NNL could be visualized in deciduous teeth that had completely formed. Further, accentuated striae did not always
correspond to known times of stress in these deciduous teeth. Future research will continue to count cross-striations of dental development to understand
how long teeth develop and to create robust age estimation methods for infants and children. Additional developed teeth will be included as well as the
dentition of fetal and infant remains of developing teeth to test and validate age estimation methods. This pilot study demonstrates the potential utility
of the NNL in deciduous teeth and how dental microstructure can be used to understand life events and aid in forensic anthropological analysis.

Age Assessment; Anthropology; Histological
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A104 Dental Age Estimator Performance Relative to Weighted Kappa: A Simulation Study

Valerie Sgheiza*, SNA International, Joint Base Pearl Harbor-Hickam, HI; Helen M. Liversidge, Queen Mary University of London, London, England

Learning Overview: After attending this presentation, attendees will understand how weighted kappa measures of observer agreement correspond to
dental age estimation precision, accuracy, and bias. This presentation will demonstrate potential consequences of reduced agreement in scoring.

Impact Statement: This presentation will impact the forensic science community by highlighting the importance of observer agreement in controlling
downstream estimation error.

Cohen’s weighted kappa is a common measure of observer agreement for ordinal data such as dental development scores, with values above 0.8
generally considered good. How weighted kappa values correspond to downstream error in age estimates is not known. Here we test the relationship
between weighted kappa values and dental age estimation error by estimating ages from a single sample with additional simulated observers, each
scoring at a fixed weighted kappa value relative to the original observer.

The dataset consisted of Moorrees et al. scores of left permanent mandibular molars from 1,040 London children 5-18 years old, distributed uniformly
by year of age.! Multivariate cumulative probit models were fit to the original observer data with age on a log scale. Ages were estimated with simulated
observers of validation data and ten-fold cross-validation. To simulate observer error, the original scores were jittered via a normal distribution, then
rounded to whole number scores. Error was balanced, over scored, and under scored, each with kappa values of 0.80, 0.90, and 0.95. Ages were also
estimated from the original scores (kappa = 1.0) for a total of ten combinations of error direction and weighted kappa. Performance metrics were age
interval width relative to true age, the success rate of the age interval at capturing the true age, and residual error.

Within each type of scoring error (balanced, over, under), lower kappa values were consistently associated with worse performance across all metrics.
Notably, the overall success rate from the original scores was 0.93 (expected value 0.95). The next highest was 0.85 from over scoring at kappa = 0.95,
and the lowest was 0.55 from under scoring at kappa = 0.80. Over scoring produced positive residuals and under scoring negative residuals. Success
rates were better from over scoring than under scoring or balanced scoring at equal kappa values. This is potentially related to larger age intervals from
over scoring, particularly at younger ages. Age interval width was narrower and less variable across the age range from under scoring than from over
scoring or balanced scoring at equal kappa values.

In conclusion, age estimation performance testing on live multi-observer dental development data is warranted. A cutoff for weighted kappa of 0.80
may be insufficient to control estimation error introduced through observer discrepancies.

Reference:

I Moorrees, C. F., Fanning, E. A., & Hunt Jr, E. E. (1963). Age variation of formation stages for ten permanent teeth. Journal of dental research,
42(6), 1490-1502.
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A105 Estimating Age in Adults Using Measurements of Dental Radiographs: A Validation of the Kvaal Method

Katherine Skorpinski*, Defense POW/MIA Accounting Agency, Omaha, NE; Laura E. Cirillo, SNA International in Support of the Defense POW/MIA
Accounting Agency, San Francisco, CA

Learning Overview: After attending this presentation, attendees will better understand the potential use of dental radiographs for estimating age in
adults.

Impact Statement: This presentation will impact the forensic community by providing a performance assessment of a non-invasive method of adult
age estimation, discussing current limitations and challenges of this method, and proposing future directions to improve method performance.

Age estimation in adult remains is limited by several factors. Specifically, adult skeletal age estimation involves few reliable indicators and focuses on
markers of degeneration. These challenges are further complicated by damaged or absent elements in forensic and historical contexts. However, the
durability of enamel results in greater tooth preservation and retention in a variety of taphonomic conditions. Although dental age estimation methods
primarily focus on development, secondary dentin deposits throughout adulthood have been used to estimate age beyond young adults.

The Kvaal et al. method of measuring pulp cavity size to estimate age was developed on a small clinical sample ranging in ages from 20 to 87 years,
and measurements on three maxillary teeth (central and lateral incisors, and second premolars), and three mandibular teeth (lateral incisor, canine, and
first premolar).! In order to examine the applicability of this method to other forensic contexts, a sample of dental radiographs of identified male United
States servicemembers from World War II and the Korean War (n = 107, ages ranging from 17 to 52 years) was tested.

Inter-observer error was first tested on a subsample of ten cases with complete dentition for all measurements and ratios used in the Kvaal et al. method.
Although some individual measurements demonstrated a significant difference between observers, the mean difference in measurement was
consistently under 0.5mm and did not significantly alter the age estimate. T-test results indicated that there was no significant difference in the ages
estimated between observers for all teeth.

The method was applied to a total of 272 teeth with an overall accuracy of 83.5% within one Standard Error of Estimate (SEE). Accuracy by tooth type
ranged from 78.6% (mandibular first premolars) to 93.1% (maxillary central incisors). Individuals with a known age that fell outside of the 1 SEE
interval were underestimated in 65.9% of cases. Results using the three maxillary or mandibular teeth equations were accurate in the majority of cases
but did not achieve as high of a percent accuracy as the single tooth equations. The method performed with a higher percent accuracy for ages under
30 years, including those younger than the original sample (i.e., under 20 years of age).

Despite the high accuracy overall in this application, several limitations excluded a large portion of the test sample, including dental restorations and
pathological conditions. The method also relies on measurements of single-rooted teeth, but the high frequency of multiple roots in teeth used in the
method significantly impacted the ability to test the multi-tooth equations. Further complications, including root morphology, observer error, and
radiograph quality and orientation, were identified and adjustments and future considerations are proposed.

Reference:
I Kvaal, S. 1., Kolltveit, K. M., Thomsen, 1. B., & Solheim, T. (1995). Age estimation of adults from dental radiographs. Forensic Science
International, 74, 175-185. https://doi.org/10.1016/0379-0738(95)01760-G.
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A106 Innominate Weight Over the Lifespan: A Method for Estimating Age From the Pelvis

Andrea M. Zurek-Ost*, University of North Carolina at Chapel Hill, Durham, NC; Mark Sorensen, University of North Carolina at Chapel Hill, Chapel
Hill, NC

Learning Overview: After attending this presentation, attendees will gain a better understanding of how innominate bone weight changes throughout
the lifespan.

Impact Statement: This presentation will impact the forensic science community by demonstrating the utility of innominate dry bone weight as a trait
that can be employed in age-at-death estimations.

The innominate is frequently used to estimate age at death in both forensic and paleodemographic contexts. Age changes in bone can be difficult to
quantify and score consistently, particularly between males and females, due to changes in bone mineral density, calcium intake and absorption,
endocrine status, nutrition, hormones, and biological sex.

This research investigated the relationships between bone weight, chronological age, and biological sex. This study examined 383 innominates from
the Hamann-Todd Collection from individuals aged 16-93 years to investigate how bone weight (here a proxy for bone mineral density) was patterned
throughout the lifespan. Standard osteology laboratory equipment as well as a scale were used to measure innominate height and dry bone weight.
While dry bone weight is an imperfect proxy for bone mineral density, the phenomenon of decreases in bone weight with age was observed and
quantified in this dry bone sample. While both males and females are affected by a slow reduction in bone mineral density over the course of their
lifespans, this effect is exaggerated in women and was reflected in the study results.

To quantify these changes, the authors created a predictive Bayesian linear model to estimate age at death from dry bone weight and height. Both sex-
specific and sex-unknown tests were conducted using JASP 0.17.1." In Bayesian linear regressions, parameter estimates are drawn from the posterior
probability distribution of the observed data, which is proportional to the product of the likelihood of the data and the prior probability of the parameters.
In this study, the posterior predictive distribution was drawn with Markov Chain Monte Carlo sampling using the Beetle Antennae Search (BAS)
algorithm. A model was then fitted to the simulated data, and these new parameter estimates were compared to the final model. A 95% credible interval
was estimated on the final model to predict age given known innominate weight and length. The model R? was 0.32, with an average inaccuracy of
14.02 years. Estimated age was within £10 years of known age for 42.7% of the sample, and 75.2% of estimated ages at death were within +20 years
of known age

In conclusion, when used alongside other age-at-death estimation methods, this pilot study demonstrates that dry bone weights may be used to support
estimations of chronological age. These analyses should be utilized in concert with well-validated age-at-death estimation methods.

Reference:
I JASP Team (2023). JASP (Version 0.17.3) [Computer software].

Biological Profile; Age Estimation; Innominate

Copyright 2024 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 -



AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2024

A107 An Age-at-Death Estimation From Pubic Bone Mineral Density on Postmortem CTs

Eulalie Pefferkorn®, Medico-Legal Institute of Tours University Hospital, Chambray-lés-Tours, Centre, France; Fabrice Dedouit, Hospital Rangueil,
Toulouse, Midi-Pyrenees, France; Agathe Bascou, CHU Toulose, Midi-Pyrenees, France; Frederic Savall, CHU Toulouse-Rangueil, Toulouse, Midi-
Pyrenees, France; Norbert Telmon, CHU Toulouse-Rangueil, Toulouse, Midi-Pyrenees, France; Pauline Saint Martin, Medico-Legal Institute of Tours
University Hospital, Chambray-lés-Tours, Centre, France

Learning Overview: The objective of our study is to estimate age at death through a simple measurement of the pubic Bone Mineral Density (BMD)
on Postmortem Computed Tomography (PMCT). PMCT cannot be analyzed in the same way as clinical CTs; it is crucial to consider the structural
changes in tissue caused by putrefaction.

Impact Statement: This study will have a significant impact on the forensic community by enabling quick and straightforward estimates of age at
death through a simple measurement of pubic bone mineral density on PMCTs. Our results are particularly accurate when accounting for the degree of
putrefaction

Age-at-death determination is an important issue in forensic medicine and anthropology. The use of imaging in the forensic field has facilitated the
development of new techniques that provide age estimation while preserving remains. These techniques include morphological studies using 3D
scanographic reconstructions as well as methods using bone mineral density. However, most of these studies primarily focus on CT scans of living
individuals.'” In this study, the authors investigated the correlation between pubic bone mineral density and age at death on PMCTs.

We conducted a study on postmortem CTs of cadavers autopsied in the Forensic Institute of Tours (France) to determine whether there was a correlation
between the BMD of the pubic symphysis measured on PMCT and age at death. We excluded individuals under the age of 15 years, unidentified bodies,
or those with trauma that hindered the measurement of Radiological Alteration Index (RAI) or BMD. Postmortem delay was not a determining factor
for inclusion, as our study specifically sought bodies with varying degrees of decomposition.

CT measurements of BMD are an estimation (in Hounsfield units) and are potentially modified because of putrefactive gases into the cancellous bone
tissue. This phenomenon could falsely decrease bone density and thus overestimate age at death. In the specific postmortem context, we therefore used
a radiological degradation score (RAD) to quantify the degree of putrefaction and establish whether putrefaction interferes with the determination of
age at death according to our method.?

Results: Our sample consisted of 402 PMCTs, comprising 148 females and 254 males. The average RAI was approximately 25, indicating that the
majority of bodies were only slightly decomposed. Our study showed a correlation between pubic BMD and age at death. To use this method, it is
necessary to quantify the degree of putrefaction by calculating the RAI index. Indeed, in order to increase the accuracy of the results, the equations
used to calculate age at death are different according to RAI subgroups (0, 1 to 24, 25 to 49, 50 to 74, 75 to 100). However, our technique cannot be
used for highly putrefied bodies (RAI >75) as there is no correlation between age at death and pubic BMD in this group due to significant structural
changes associated with the putrefactive gas infiltration of the cancellous bone.
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A108 Decoding Age-at-Death With DNA Methylomics: A Cutting-Edge Approach for Forensic Analysis of
Skeletal Remains

Luke William Gent*, University of Central Lancashire, Preston, England; Noemi Procopio, University of Central Lancashire, Preston, England;
Edward Schwalbe, Northumbria University, Newcastle upon Tyne, England

Learning Overview: After attending this presentation, attendees will be aware of a novel application of genome-wide DNA methylomics to forensic
anthropology. The learning objectives here are to gain an appreciation of how advances in whole-genome sequencing offer potential to increase
precision in Age-At-Death (AAD) estimation in medicolegal investigations.

Impact Statement: This presentation will impact the forensic community by providing an innovative tool for the estimation of the AAD of human
skeletal remains using a genome-wide approach. The DNA methylation-based epigenetic age prediction model presented here leverages a large in silico
dataset focused specifically on bone material and will allow for the future development of targeted forensically relevant epigenetic approaches for
improved AAD estimations.

The estimation of AAD from skeletal remains using routine anatomical approaches lacks precision and may be hampered by missing skeletal elements
or environmental weathering. Many reports have described forensically applicable assays that use DNA methylation patterns at specific CpG loci to
predict biological age; however, these approaches were developed using readily obtainable DNA sources such as blood, saliva, and teeth.!? The use of
biomolecular markers to estimate AAD from skeletal remains offers potential for greater precision, but their application has been hampered by poor
DNA quality and quantity.

CpG locus signatures applicable to bone samples have been identified using the standard molecular clocks; these signatures were developed in both
skeletal and non-skeletal tissue as age-associated markers.>* However, robust, bone-specific CpG loci of aging that are compatible with DNA
derivatives from decomposed skeletal remains are yet to be described.

In order to address this question, two approaches were conducted. First, an in silico study focused on identifying a forensically applicable CpG aging
signature for bone was developed. An ideal forensic assay to predict age would use a small number of loci (i.e., <20 loci), enabling its assessment with
Polymerase Chain Reaction (PCR) -based approaches. We gathered six publicly available genome-wide bone methylation datasets with reported donor
age (total n=173; average age 65 years [range 0.25-92, spanning the whole human lifespan]). This dataset assayed CpG methylation at >450,000 loci.
We tested previously published biological age-prediction signatures and, using cross-validation, employed six different machine learning algorithms to
develop age-prediction signatures. The best performing algorithm was GLMNet, where a 20 CpG signature for predicting AAD had a Root-Mean-

Square Error of 6.2 years, Mean Absolute Error of 4.7 years, and R? coefficient of 0.89.

The second investigation addresses the difficulty of obtaining DNA of sufficient quantity and quality from skeletal remains. We employed an optimized
ancient DNA extraction protocol to maximize DNA recovery. To detect methylation using sequencing or hybridization, sodium bisulfite conversion is
typically used to induce a methylation-dependent change to the primary DNA sequence. Bisulfite conversion is a destructive process (>90% of DNA
is lost). In order to preserve DNA, we used a gentler enzymatic methylation conversion kit that is suitable for low DNA inputs. These methods were
tested on a pilot cohort of donor human skeletal tissue samples (28-93 years age; 02,236 days Postmortem Interval [PMI]) collected from Southeast
Texas Applied Forensic Science (STAFS) facility and Forensic Anthropology Center at Texas State (FACTS).

The methylation conversion rate for five pilot samples was >99% and all were run on the TWIST Biosciences Human Methylome Panel. The range of
loci with >5 reads ranged from ~470,000 to 3,750,000 CpG loci; >90% of the CpG aging signature loci were measurable using the TWIST panel,
enabling cross-platform integration. Ongoing analysis of the rest of the bone DNA cohort (n >45) is proceeding and will be presented to the attendees
at the conference, where we will address the accuracy of AAD estimation using the TWIST panel and the in silico cohort.

This study represents one of the largest collections of genome-wide methylation status in bone. Fundamentally, the TWIST assay offers potential for
methylome capture from skeletal bones recovered from burial sites. The applicability of this methodology will be discussed for future applications on
forensically relevant human skeletal remains.
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A109 Intra-Skeletal Variation in Lower Limb Microstructure for Histological Age Estimation

Victoria M. Dominguez*, Lehman College-CUNY, Astoria, NY; Bailey AG Colohan, CUNY Graduate Center, New York, NY

Learning Overview: After attending this presentation, attendees will understand the importance of bone microstructural variance and sampling location
for developing and applying methods of histological age-at-death estimation.

Impact Statement: This presentation will impact the forensic science community by establishing the need for research on intra-skeletal variation in
bone microstructure to inform method development and accuracy in histological aging.

Age-at-death estimation is a major and challenging component of the biological profile. The most commonly applied methods after macroscopic
approaches are histological. Although various methods exist, almost all are exclusively based on one of two skeletal elements: the femur or rib.
Furthermore, previous research demonstrates that sampling location and Region Of Interest (ROI) size also influence the reliability of age estimates,
demonstrating that intra-skeletal variation plays a significant role in the success of these methods.!? So long as this remains the case, the use of
histological methods for estimating age at death will be limited.

One of the only papers to consider other bones in histological aging is Kerley’s foundational work using remodeling events (i.e., secondary osteons)
counted in the femur, tibia, and fibula to estimate age.® Kerley found that fragmentary counts of osteons in the fibula demonstrated the best relationship
with age of the entire sample, but this finding has largely been overlooked in subsequent years. As such, the current paper analyzes remodeling and
relative cortical area in the fibula and femur relative to each other and to age as a preliminary exploration of the fibula’s potential for age estimation.

The sample consisted of right fibulae and femora from ten individuals of known age (15-105 years, sd=9.71 years) and sex (S5F, 5M). Samples were
ethically obtained via the body donation program at The Ohio State University and prepared following standard histological protocols. Images captured
at 100x magnification were used to calculate Relative Cortical Area (Rel.Ct.Ar) for each cross-section in mm?. Live microscopy using a 20x objective
was utilized to count intact and fragmentary osteons across the entire cross-section. These data were then used to calculate three variables: Osteon
Population Density (OPD), intact OPD (iOPD), and fragmentary OPD (fOPD).

Paired samples #-tests found no significant differences in Rel.Ct.Ar between the fibulae and femora, though a strong correlation between the elements
may reflect allometry. For combined OPD, there were no significant differences either, but when split, both iOPD (p= 0.008) and fOPD (p= 0.002)
were significantly different. Summary data indicates fibulae have higher fragment counts, whereas femora possess more intact osteons. This may result
from the femur’s larger cortex requiring more vasculature, combined with earlier and/or increased remodeling of the more constrained number of intact
osteons in the smaller fibula.

Rel.Ct.Ar showed no significant relationship with age. A negative trend observed in the femur, possibly resulting from cortical trabecularization, was
not seen for the fibula. All OPD relationships demonstrated significant, positive relationships with age for both elements. In both elements, the strongest
relationship with age was for OPD (Fib R?>=0.83, Fem R?=0.84), then fOPD (Fib R?>=0.81, Fem R?>=0.69), and finally iOPD (Fib R?>=0.58, Fem R?=0.58).
Again, fragments in the fibula appear to comprise a more substantial part of the microstructural variance than in the femur.

These findings suggest that other long bones, such as the fibula, merit development as sites for histological age-at-death estimation based on their
similarities with the more commonly utilized femur and due to its own unique relationship between fragmentary and intact remodeling events.
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A110 Introducing OA-TA: A New Tool for Adult Age-at-Death Estimation Using Osteoarthritis of the Synovial
Joints

Michala K. Stock*, Metropolitan State University of Denver, Denver, CO,; Ariana N. Strasheim, Grouse Mountain Environmental Consultants,
Sheridan, WY; Allysha P. Winburn, University of West Florida, Pensacola, Florida

Learning Overview: After attending this presentation, attendees will have a better understanding of how to evaluate Osteoarthritis (OA) and utilize its
presence or absence in synovial joints to estimate age from human skeletal remains.

Impact Statement: This presentation will impact the forensic science community by introducing OA-TA, a new Graphical User Interface (GUI) for
use by forensic anthropology practitioners, to generate an adult age-at-death estimation from osteoarthritis presence/absence scores.

Age-at-death estimation is a crucial facet of the biological profile that forensic anthropologists generate from human skeletal remains. Adult age
estimation often relies on particular indicators, such as the pubic symphyses or sternal ends of the fourth ribs, which are regularly taphonomically
damaged or altogether missing from incompletely recovered cases. To circumvent this reliance and bolster forensic anthropologists’ adult age-
estimation toolkit, recent research has demonstrated the correlation between age and osteoarthritis in multiple synovial joint complexes among diverse
groups of modern United States individuals.'?

Here we present OA-TA, a GUI for generating adult age estimates based on the presence or absence of OA in synovial joints. Users may select to utilize
as few as one or as many as nine appendicular joint complexes and create an estimate based on pooled sex, female-, or male-sex-assigned-at-birth
reference samples from the University of Tennessee Knoxville (UTK) Donated Skeletal Collection (database N=408 individuals). For each joint, all
bones are examined for OA and scored on a binary presence/absence scale; this score is then entered into the respective joint’s field. For example, when
evaluating the elbow, the presence of OA anywhere on the distal humerus, radial head, or proximal ulna would yield a score of 1 (present) for this joint.
Based on the work of Winburn and Stock, OA-TA uses transition analysis—binomial generalized linear models with the probit link function—to
generate age estimates based on the age at which 90% or 95% of the population transitions from “no OA present” to “OA present” in the given joints.!
An age estimate interval, or floor or ceiling age estimate, is then provided for this individual.

OA-TA Version 1 is available for download at http://www.apwinburn.com/oata. If peer feedback is received prior to presentation, this will be
incorporated into OA-TA Version 2 and shared using the same link.

We performed a test of the OA-TA GUI using a sample of 100 unique UTK donors (distinct from those in the database sample) using all available joints
as well as testing each of the nine joints independently (i.e., ten iterations per individual, where applicable [joints previously demonstrated to have
weak age correlations, such as the ankle in female individuals, were not assessed]).!? Each iteration was performed using the sex-specific and pooled-
sex equations and assessed for accuracy at both the 90% and 95% thresholds, for a total of 3,400 test cases. The OA-TA age-estimation interval was
correct in 68.4% of these cases (2327/3400). The most accurate joints (i.e., where the age interval included the individual’s known age-at-death) were
the hip and shoulder; the least accurate joints were the TMJ and male ankle, with accuracy rates generally decreasing distally along the limb. When all
available joints were utilized, accuracy rates for the test sample ranged from 82% (at the 90% threshold) to 78.5% (at the 95% threshold). These results
corroborate findings from a previous study noting the proximal-to-distal accuracy pattern in age estimation using OA, with the low accuracy of the
ankle—even among males—also recommending against the ankle joint’s use for OA-based aging.?

The intervals yielded by OA-TA are often broad, and we are not advocating that OA replace primary age estimation methods in forensic anthropological
practice. However, since OA has demonstrated a significant and reliable relationship with age, its presence/absence provides a tenable method to
estimate age in incomplete or fragmentary cases and enhance age estimation during complete skeletal analyses. The binary scoring of OA in the synovial
joints is already a straightforward process; with the OA-TA GUI, we offer a free, easy-to-use, openly accessible tool that further streamlines and
standardizes the process of interpreting OA for purposes of forensic anthropological age estimation.
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Al111  Validating Population Affinity Method Platforms for Macromorphoscopic Traits in Specific 20"-Century
Contexts

Cortney N. Hulse*, SNA International, Joint Base Pearl Harbor-Hickam, HI; Amanda N. Friend, SNA International in Support of the Defense
POW/MIA Accounting Agency Hawaii, Joint Base Pearl Harbor-Hickam, HI; Rebecca J. Taylor, Defense POW/MIA Accounting Agency, Kapolei, HI;
Amanda R. Hale, DPAA Laboratory/SNA International, Kaneohe, HI; Abigail K. Kindler, SNA International in Support of the Defense POW/MIA
Accounting Agency, Honolulu, HI

Learning Overview: After attending this presentation, attendees will better understand the relative performance of Macromorphoscopic (MMS)
method platforms for populations consistent with those from the Defense POW/MIA Accounting Agency (DPAA).

Impact Statement: This presentation will impact the forensic science community by validating multiple MMS method platforms for forensic casework
and demonstrate their relative accuracy.

MMS traits are used in non-metric analysis for assessing population affinity. However, it is necessary to establish validity of the statistical platforms
for MMS traits applied to specific contexts. This ensures their applicability to context-specific casework and adherence to laboratory accreditation
requirements. One method platform more recently introduced for these methods, the Osteomics’ hefneR GUI, also requires validation per laboratory
accreditation for inclusion in DPAA laboratory casework.! Therefore, the purpose of this study was: (1) to validate the method platforms for MMS
traits in accordance with laboratory accreditation, and (2) to understand the relative efficacy of each platform for DPAA casework.

Data was aggregated from 347 forensic anthropology case reports from the DPAA. Per these reports, traits were scored following Hefner and Hefner
and Linde.?? Traits were then evaluated with four MMS method platforms, namely: Optimized Summed Score Attributes (OSSA); the Hefner and
Ousley decision tree; the discriminant functions for 3-, 5-, and 7-traits; and the hefneR GUI for 3-, 5-, 7-, and 11-traits.!*°> Sample sizes for each test
are as follows: OSSA (n=219), decision tree (n=309), 3-traits (n=253), 5-traits (n=83), 7-traits (n=75), and all traits (n=47).

Trait scores were used to classify individuals into population groups for each statistical platform. The OSSA method results in White or Black
classifications. The decision tree and Hefner methods can result in White, Black, or Hispanic classifications, while the hefneR GUI also includes Asian
and Native American classifications.!"*> The recorded perceived demographics from the antemortem records of the 347 identified individuals include:
White (n=326), Black (n=15), Mexican (n=2), Native American (n=1), and Asian (e.g., Korean; n=3).

For the OSSA and decision tree methods, the correct classification rates were 94.5% and 90.5%, respectively. Using the discriminant function equations
from Hefner, the 3-trait equation had a correct classification rate of 93.6%, 91.5% for the 5-trait equation, and 0% for the 7-trait equation.’ Using the
hefneR GUI, there was a correct classification rate of 77.3% for 3-traits, 73.2% for 5-traits, 87.8% for 7-traits, and 85.1% for 11-traits."

Both the OSSA and decision tree methods performed best based on correct classification rates, but neither of these methods could account for individuals
with Asian or Hispanic population affinity. The 3-trait discriminant function performed better than the 5- and 7-trait equations overall, but the opposite
pattern was observed for the hefneR GUI results, with the 7-trait performing better than all other trait suites.! Notably, the 7-trait discriminant function
analysis had a correct classification rate of 0% for this sample compared to the reported cross-validated correct classification rate of 83.4% in Hefner.
While a Hispanic estimation does not preclude consistency with a White antemortem record, all cases but three resulted in a Hispanic classification.
This suggests a potential bias within the reported formula as this pattern was not observed for the 3- and 5-trait equations. Excluding the 7-trait
discriminant function analysis, accurate classifications were for individuals having White, or European, recorded in their antemortem records, while
incorrect classifications tended to occur for individuals with “non-White” antemortem records. In conclusion, these results suggest that all platforms,
excluding the 7-trait discriminant function, perform relatively well for this context.

Traits scores were aggregated from 347 forensic anthropology case reports and associated notes and do not reflect analyst interpretations. Reported
perceived race refers to the category of race in Individual Deceased Personnel Files for all deceased servicemembers relevant to DPAA investigations.
For more detail, see Hale and colleagues.®
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A112 A Comparison of Ancestry-Specific Versus Ancestry-Independent Stature Estimation

Rylan Tegtmeyer Hawke*, SNA International Supporting the Defense POW/MIA Accounting Agency, Waipahu, HI; Laura E. Cirillo, SNA International
Supporting the Defense POW/MIA Accounting Agency, San Francisco, CA; Abigail Kindler, SNA International Supporting the Defense POW/MIA
Accounting Agency, Honolulu, HI; Lara E. McCormick, SNA International Supporting the Defense POW/MIA Accounting Agency, Omaha, NE; Emily
S. Tarbet Hust, SNA International Supporting the Defense POW/MIA Accounting Agency, Mililani, HI; Katie Whitmore, SNA International Supporting
the Defense POW/MIA Accounting Agency, Omaha, NE

Learning Overview: After attending this presentation, attendees will understand the differences in error between ancestry-specific and ancestry-
independent stature calculations.

Impact Statement: This presentation will impact the forensic science community by identifying where there are areas of significant difference between
ancestry-specific and ancestry-independent equations for stature estimation.

Ancestry assessment in a forensic context is a widely discussed topic as the field weighs the potential harms and benefits of its application.’> One area
that proponents of the continued use of ancestry assessment in the biological profile point to is its application in estimating other aspects of the biological
profile such as sex and stature. The aim of this study is to evaluate the impact of a prior ancestry assessment in estimating stature through a comparison
of error between the point estimates based on ancestry-specific and ancestry-independent calculations and known statures. For prior ancestry assessment
to be considered impactful, the results of ancestry-specific calculations should significantly differ from ancestry-independent calculations, and
individuals from a reported ancestry group should have the least error between their known stature and the stature estimate from the corresponding
ancestry-specific equation.

The significance of ancestry-specific stature estimation was tested on a skeletal sample of 270 identified White male service members from the USS
Olklahoma incident of World War II. Individuals were selected based on the following criteria: consistent reported height throughout their antemortem
records (as defined by a deviation of <0.5 inches across all documents), known ancestry (reported as “race” in the antemortem military records), and a
maximum length measurement of at least one applicable skeletal element (humerus, radius, ulna, femur, tibia, or fibula). In total, 158 left and right
humeri, 80 left and right radii, 89 left and 77 right ulnae, 207 left and 200 right femora, 180 left and 172 right tibiae, and 111 left and 113 right fibulae
were used to calculate point estimates across the three sets of regression equations available in FORDISC® 3 19"-Century FStats and Trotter MStats).?
For all equations, the Black male (BM), White male (WM), and Any male comparative groups were used, with the addition of Hispanic male (HM) for
20™-Century FStats.

When the stature estimates from the 19™-Century CStats equations were compared, WM consistently produced a point estimate closest to known stature
(error of 0.94 to 1.42 inches between elements). The Any male equation results were significantly different from the WM estimates (p <0.01, overall
error of 1.21-2.24 inches, average difference of 0.5 inches), but consistently performed better than BM equation.

When the stature estimates from the 20"-Century FStats equations were compared, WM produced a point estimate closest to the known stature in 6/12
of element (error of 0.89—1.32 inches). The Any male equation produced a point estimate closer to the known stature in 4/12 elements (error of 1.04—
1.46 inches), but all results were not significantly different from the WM estimates (< 0.25-inch difference). HM produced the point estimate closest
to the known stature in 4/12 elements.

When the stature estimates from the Trotter MStats equations were compared, WM consistently produced a point estimate closest to known stature
(error of 0.90-1.31 inches between elements). The Any male equation results were not significantly different from the WM point estimates (error of
0.92-2.07 inches). The Any male equation consistently performed better than BM equation (error of 1.64-2.89 inches).

The Any male equations produced values that did not significantly differ from the WM point estimates for White males using the 20"-Century FStats
and Trotter MStats equations. Further, the Any male values often matched the error of the WM estimates in the FStats and MStats samples, and even
outperformed the WM estimates for multiple elements in the FStats sample.

Future directions should evaluate more diverse populations, as the current study’s impact is limited by the homogenous reported sex and ancestry of
the test sample.
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Al113 Evaluating the Prevalence of Torus Mandibularis and Torus Palatinus in Relation to Ancestry, Sex, and Age
in a Modern Skeletal Sample

Alex F. Wong*, A.T. Still University, Gilbert, AZ; Amandine Eriksen, University of Indianapolis Department of Biology, Indianapolis, IN; Stephen
Nawrocki, University of Indianapolis, Indianapolis, IN

Learning Overview: This presentation aims to inform attendees about the prevalence of Torus Mandibularis (TM) and Torus Palatinus (TP) in a
modern skeletal sample and how such traits may covary to ancestry, sex, age at death, and their interactions. In addition, this study should fill some of
the gaps in our current knowledge of TM and TP by examining a contemporary sample neglected in bioanthropological literature.

Impact Statement: This presentation will impact the forensic science community by helping attendees gain a better understanding of the prevalence
of TP and TM and how such traits are linked to ancestry, sex, age at death, and their interactions. This quantitatively justifies the use of these skeletal
traits in formulating biological profiles in forensic anthropological analysis.

Few features of the human skull have attracted the attention of anthropologists more than TP and TM. Historically, these distinctive oral bony
outgrowths have been classified as useful “racial biological markers” because of their varying frequencies in specific populations and ethnic groups.!?
As aresult, these traits have been adopted in forensic anthropology to estimate ancestry of unknown skeletal remains. When present, they are considered
indicative of East Asian and American Indian ancestry.>* However, their connection to sex and age at death remains unclear, and the effects of all
independent demographic variables on their expression are weak.*> Therefore, the validity of each trait in biological profile analysis must be carefully
evaluated.

A contemporary sample of 307 individuals (148 females, 159 males), aged 21-107 years old, were analyzed from the osteological collection at the
University of Hawai’i. The donors were classified into one of four subgroups: (1) African, (2) Asian, (3) European, and (4) Pacific Islander. TP and TM
were scored based on: (1) presence or absence, (2) shape, and (3) size. The following multivariate model was used to express the possible relationships
between the variables:

torus expression = sex + ancestry + sex*ancestry + age + error

“Torus expression” is the dependent variable, “sex*ancestry” is the interaction between those two categorical independent variables, and “age” is a
continuous covariate. Ordinal and binary logistic regression were then employed to assess the effects of each independent variable.

A total of 65.1% (200 of 307 individuals) exhibited TP, while 34.2% (105 of 307 individuals) exhibited TM. TP was observed in 94 females (63.5%)
and in 106 males (66.7%), while TM was identified in 50 females (33.7%) and 55 males (34.5%). However, statistical tests indicate that the effect of
sex on the presence of TP or TM was not significant (p >0.05). With respect to ancestry, TP was recorded in 50% (7/14) of Africans, 80.5% (66/82) of
Asians, 55.2% (101/183) of Europeans, and 92.9% (26/28) of Pacific Islanders. These differences indicate a significant effect of ancestry (p <0.05),
with Europeans being far less likely to express TP than other subgroups. In contrast, TM was observed in 14.3% (2/14) of Africans, 32.9% (27/82) of
Asians, 36.6% (67/183) of Europeans, and 32.1% (9/28) of Pacific Islanders. This indicates ancestry does not have the same impact on TM expression.
Last, the two-way interaction between sex and ancestry was not significant for either torus, nor was the effect of age at death. Given these results, this
study serves to contextualize the significance of these bony oral traits as indicators for ancestry, sex, and age at death of unknown skeletal remains in
a forensic context.
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Al114 How Do Agencies Use Biological Profile Data? A Pilot Study Investigating Stakeholder Engagement With
Forensic Anthropological Estimates
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N. Friend, SNA International in Support of the Defense POW/MIA Accounting Agency Hawaii, Joint Base Pearl Harbor-Hickam, HI

Learning Overview: After attending this presentation, attendees will understand how medicolegal personnel view the various aspects of the biological
profile estimated by forensic anthropologists as well as where opportunities for miscommunication can arise.

Impact Statement: This presentation will impact the forensic science community by highlighting areas where forensic anthropologists’ findings may
be differentially interpreted by medicolegal personnel, indicating a need for more direct engagement between forensic anthropologists and client
personnel as well as more clarity in communicating findings.

Over the past several years, the field of forensic anthropology has begun reevaluating how biological profile estimates are generated, reported, and
potentially affect case outcomes. Special attention has been given to estimation of ancestry or population affinity and consideration of gender in addition
to skeletal sex. Notable points of debate often center on the terminology used to report classifications as well as how terminology or a category of the
biological profile itself could affect decedent identification.'> Despite extensive engagement on what is considered best practice in anthropological
casework, no research has directly engaged with the mode of communication between anthropology producers and their clients who act on the
information.>- In this research, we present preliminary data from a Qualtrics® survey aimed at understanding how forensic anthropological biological
profile data are used by consulting agencies, and if differences arise in the identification process when a forensic anthropologist’s reported findings are
translated into missing persons profiles by non-anthropologist stakeholders.

Medicolegal personnel were recruited via the AAFS Newsfeed, listservs, and social media to participate in an online, anonymous, Institutional Review
Board (IRB) -approved Qualtrics® survey. This survey asked participants to review three mock forensic anthropology case summaries involving an
unknown individual with no Believed-To-Be (BTB) match and report the demographics for that decedent according to their typical protocols (i.e., by
creating a NamUs profile or other standard procedure). Overall trends in reported demographics were analyzed across cases, as well as responses to
questions about the value of particular biological profile aspects, and forensic anthropology consultations in general, to making identifications.

In total, 41 individuals answered at least a portion of the survey (17 individuals completed the survey). These individuals consisted of medical examiners
or pathologists, operations directors, death investigators, forensic anthropologists, forensic artists, and other medicolegal personnel from the Midwest,
Southeast, Southwest, and Northeast United States.

Most respondents (73.17%, or 30 individuals) utilized NamUs, but around a quarter (26.83%, or 11 individuals) did not. In general, sex, age ranges,
and stature ranges were entered verbatim as stated in the forensic anthropology mock case summaries (regardless of whether NamUs or another standard
operating procedure was utilized). However, discrepancies did arise when ancestry was entered, with respondents frequently utilizing different ethnic
classifications (Hispanic/Latino, Hispanic/Latino and Black/African American, Uncertain, Other) based on the same description. Additionally, when a
mock case reported both skeletal sex and indication of gender (i.e., pelvic morphology consistent with male individuals observed in a decedent wearing
women’s clothing and exhibiting indications of facial feminization surgery), respondents again listed different classifications (Male, Female, Unsure,
Other, or combinations thereof) for screening missing persons’ lists. When asked to rank the importance of the components of the biological profile in
making identifications, sex was listed as the most important, followed by age, then stature, and finally ancestry/population affinity. Notably, just under
half of respondents (46.15%) stated that they would exclude a missing person from consideration if one or more of the forensic anthropologist’s
biological profile estimates did not match a potential candidate.

While preliminary, this research contributes to a better understanding of how biological profile data are applied in processes of decedent identification
and furthers a dialog aimed at bettering communication and facilitating the more accurate use of forensic anthropological reports. Furthermore, it
elucidates areas where disjuncture can occur between forensic anthropologists’ phrasing and medicolegal personnel’s interpretations of their reports
and highlights opportunities for collaboration to improve decedent identification processes on both ends.
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Al115 Assessing the Reliability of the DSP2 Software for Skeletal Sex Assessment in a Modern Italian Reference
Collection From Syracuse, Sicily
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Learning Overview: After attending this presentation, attendees will understand the potential of the DSP2 sexing tool, as it is shown that it is highly
accurate on a modern Italian skeletal collection.

Impact Statement: This presentation will impact the forensic science community by illustrating the applicability of the DSP2 sexing tool on a modern
skeletal collection. This further validates DSP2 as an invaluable tool with universal application.

Sex assessment is an essential step in forensic as well as archaeological settings when examining human skeletal remains. The os coxae has been
deemed the most reliable skeletal element to assess biological sex as it is sexually dimorphic. A variety of methods exist for attributing sex, some
relying on the differential morphology between the male and female pelvis while others employing osteometry. DSP (Diagnose Sexuelle Probabiliste)
is a free online software that relies on ten measurements of the os coxae that are then compared to an extensive database in order to statistically estimate
sex. In the original publication, it is stated that the software can confidently be used on any anatomically modern human populations, thus making it
suitable for forensic as well as archaeological applications. When building the reference dataset, 12 populations were included. The more recent version
of the software (DSP2) utilized two additional collections. Both the original and second versions claim an accuracy rate of over 99%. Somewhat lower
but highly significant results were obtained when the method was validated on different populations. DSP2 was tested on 133 individuals from Crete,
Greece, showing an accuracy rate of 85.6%, while an 88.34% accuracy rate was shown on a mixed Brazilian population. The software has also been
successfully validated in a virtual environment as well as on Pre-Colombian mummies.

The aim of the current study was to test the accuracy of the software on modern Italian remains as this population was not included in the original
reference dataset nor has it ever been tested. A total of 51 individuals were included, 35 males and 16 females, with recorded sex, age at death, and
cause of death. The remains were recovered from a cemetery in Syracuse, Sicily, in 1909 and are currently housed at the Museum of Anthropology and
Ethnology in Florence, Italy. When employing DSP2, an overall accuracy of 88.2% was recorded with 100% accuracy for females and 85.71% for
males. However, it is important to note that no individuals were misclassified, but not all males were classified due to the software’s 0.95 posterior
probability of correct group assessment. When taking into consideration only the individuals who were classified by DSP2, the accuracy rate reaches
100% for both sexes.

Further statistical analyses were conducted to calculate inter- and intra-observer error using the Technical Error of Measurement (TEM), relative
Technical Error of Measurement (rTEM) as well as the coefficient of Reliability (R). All ten measurements were taken three times per individual, which
served as the basis for the assessment of intra-observer reliability. Significant results were obtained with the highest rTEM being 1.72% and the lowest
R being 0.97. To determine inter-observer reliability, eight ossa coxae were measured by a second observer using the same TEM, rTEM, and R. As
expected, higher error rates were recorded than for intra-observer reliability, with the highest rTEM being 2.15%, but R was equal or higher to 0.94 in
every case. For both inter- and intra-observer error, the measurement showing the highest error rates was SPU.

Overall, the study concludes that DSP2 is an excellent and reliable method for sex determination in an Italian population and its use is highly
recommended. This further solidifies the software’s claim to non-population specificity.
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A116 Sex Estimation of Modern Greek-Cypriots Utilizing Measurements of the Calcaneus and Talus
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University, Union, NJ; Xenia Paula Kyriakou, University of West London, Fort Myers, FL

Learning Overview: This presentation utilizes a forensic approach to osteometrics from the calcaneus and talus to establish sex estimation models for
modern Greek-Cypriots. After attending this presentation, attendees will better understand the applications of binary logistic regression in forensic
anthropology for purposes of sex estimation and the benefit of considering a stepwise backwards approach to develop models for individual and
combined skeletal elements.

Impact Statement: The research conducted will impact the forensic science community by showcasing the application of statistical methods in the
development of population-specific standards for human identification. It will inform the forensic science community on the validity of sex estimation
models for modern Greek-Cypriots.

Population-specific standards are very important in human identification due to the biological variation that characterizes human populations. In
humanitarian forensics, the application of osteometry provides an objective level of validation for sex estimation. Proxy populations serve geographical
regions where religious guidelines prevent access to human skeletal remains for research or war prevents research from being conducted. Metric sex
estimation models on small bones such as those in the ankle are not as prominent as cranial and long bones studies. This research aimed to use
measurements of the calcaneus and talus to estimate biological sex of modern Greek-Cypriot individuals to create population-specific reference data.
Metric assessments were performed on a total of 270 calcanei (left = 134, right = 136) from 144 individuals (males = 70; females = 74) and on a total
of 208 tali (left = 103, right = 105) from 118 individuals (males = 61; females = 57). A total of 27 measurements were taken, 13 for the calcaneus and
14 for the talus. The measurements were adopted from a combination of publications and names were adapted for database recording purposes.!-

Binary logistic regression analysis using k-fold cross validation was utilized to determine if the measurements taken could predict biological sex. The
independent-samples #-tests showed that all measurements conducted on the calcanei and tali are significantly smaller for females than males (p <0.05).
Additionally, approximately half of the measurements for both the calcanei and tali were significantly different than their antimeres (p <0.05). The
calcaneus showed classification accuracy of 75.83% and 79.97% for the right and left side, respectively. The talus showed a classification accuracy of
75.54% and 77.62% for the right and left side, respectively. Last, stepwise regression was utilized to exclude measurements not beneficial to the models.
The reduced models showed increased accuracies for the calcaneus (right = 84.62%; left = 84.62%) and talus (right = 85.71%; left = 86.52%). Overall,
the results indicate a good but not great validity for the classification of sex utilizing osteometric data, with the talus having higher classification
accuracy than the calcaneus. Although sex estimation using these skeletal elements may be possible, results should be considered with caution and
utilize reduced, more effective measurements.
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A117 Sexual Dimorphism in the Human Mandible: The Application of 3D Statistical Shape Modeling

Yu-Young Kim*, MS, Yonsei University, College of Dentistry, Seoul, Republic of Korea; Kang-Woo Lee, PhD, School of Mechanical Engineering,
Gwangju Institute of Science and Technology, Seoul, Republic of Korea,; Kyung-Seok Hu, DDS, PhD, Yonsei University, College of Dentistry, Seoul,
Republic of Korea

Learning Overview: This presentation demonstrates the ability to distinguish sex through the human mandible using 3D statistical shape modeling.
After attending this presentation, attendees will understand what 3D statistical shape modeling is and how it serves as a useful method in estimating
sexes or age groups through bone morphology. Furthermore, attendees will gain insight into the morphological differences in the mandible between
males and females in a 3D aspect, which is the main agenda of this presentation.

Impact Statement: This presentation will impact the forensic science community by illustrating that sex estimation through bone morphology could
be made in quantitative method: the application of 3D statistical shape modeling. Moreover, this presentation fosters interdisciplinary collaboration
between forensic anthropology and medical engineering in pursuit of accurate and precise identification methodologies.

Statistical shape modeling allows for the creation of an average 3D model specific to groups (such as by sex or age) and also produces various models
through statistical shape analysis of a group. Therefore, the application of statistical shape modeling could facilitate a more quantitative and accurate
method for sex or age estimation in forensic anthropological context. This presentation will illustrate sex-specific differences in the human mandible,
based on statistical shape models, and evaluate their utility in sex classification.

The analysis utilized 3D mandible data, derived from Computed Tomography (CT) scans of 44 cadavers each from Korean adult male and female
subjects. To concentrate on the morphology of the mandible, teeth and the alveolar bone were excised, followed by a necessary post-processing
procedure. The processed mandible data was analyzed with ShapeWorks, an open-source software specialized in statistical shape analysis.
Morphological differences between average mandible models of each sex were visualized using vector data and statistical significance was tested.

In comparison of the average shape models, there were no significant differences in the overall size between males and females. However, certain
regions exhibited disparity. Notably, the mandibular condyle and coronoid process were more medially developed in males, resulting in a narrower
overall width compared to females. In addition, males demonstrated lateral development at the gonial angle and superior development at the extramolar
sulcus. The female mandible body itself appeared more anteriorly developed, suggesting a longer anterior-posterior length in females compared to
males. Of these, the gonial angle region and extramolar sulcus demonstrated statistical significance (p<0.05). The classification learner in MATLAB®
was trained based on the Principle Component Analysis (PCA) scores from the statistical shape analysis, and the Efficient Linear Support Vector
Machine (SVM) yielded the highest classification accuracy of 76.1%. In this training scheme, Analysis of Variance (ANOVA) and Kruskal Wallis tests
revealed that Principal Components (PC) 49 and 12 reflect important features in classifying sex. PC 49 represents morphological changes in the
coronoid process, while PC 12 reflects changes in the mandibular condyle and gonial angle.

The present research suggests substantial insights of the sexual dimorphism in human mandible morphology and emphasizes the capability of statistical
shape modeling in forensic anthropology. Moreover, this study could lay a groundwork for the development of a classification model based on mandible
morphology.

The presenter gratefully acknowledges the human data support provided by Korea Institute of Science & Technology Information (KISTI) which
produced these data with the Catholic University of Korea.
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A118 The Ontogenetic Development of the Preauricular Sulcus and Its Utility in Estimating Sex in Children and
Young Adults With Considerations for Pregnancy and Parturition

Stephanie J. Cole*, The Ohio State University, Columbus, OH,; Marin Pilloud, University of Nevada, Reno, Reno, NV; Kyra Stull, University of Nevada,
Reno, Reno, NV

Learning Overview: After attending this presentation, attendees will have increased knowledge regarding the ontogenetic development of the
preauricular sulcus.

Impact Statement: This presentation will impact the forensic science community by providing information regarding the utility of the preauricular
sulcus as a sex indicator in children and young adults and whether pregnancy or parturition are likely to impact trait expression.

The utility of the preauricular sulcus in sex estimation has long been debated, and it has been suggested that this trait may be indicative of pregnancy
and parturition. Recent studies have investigated these questions using adult samples and have found that the preauricular sulcus is sexually dimorphic
and parity status is not likely to significantly impact trait expression.! To better understand the applicability of the preauricular sulcus in estimating sex
in children and young adults, the trait’s ontogenetic trajectory was examined using a large sample of postmortem computed tomography scans of known
individuals (n = 583, m = 358, f = 225) aged 8 to 20 years from the Subadult Virtual Anthropology Database (SVAD). Eight years was chosen as the
lower limit to match the age that females from the United States typically enter puberty, since hormone-mediated changes occurring in females at
puberty lead to the differences in pelvic morphology that allow for differentiation between the sexes.? Trait expression was assessed following the
three-stage scoring procedure outlined in The Ontogenetic Subadult Sex Estimation System (OnSEt) Manual, where a score of 1 represents pronounced
expression, a score of 2 represents minor expression, and a score of 3 indicates the trait is absent.?

Two different approaches were used to explore the ontogenetic trajectory of the preauricular sulcus. The first was to determine when the sexes diverge
in trait expression. Ridge plots of trait score frequencies for each sex and annual age cohort were generated to visualize when score frequencies first
become disparate. Differences in trait score frequencies between subadult males and females were also evaluated using Chi-square or, for comparisons
using small samples (n < 5), Fisher’s exact test of independence with Monte Carlo simulation. The second approach was to determine the age at which
full expression was reached in each sex. Full expression was considered attained when there was no further change in score frequencies with advancing
age. Kruskal-Wallis with a Dunn’s test and Holm’s stepwise adjustment were used to determine the age at which score frequencies stabilized for each
sex. The SVAD is comprised of cross-sectional data; thus, the preauricular sulcus of each individual in the sample was only evaluated once, and the
onset of sexual dimorphism between the sexes and the attainment of full expression within the sexes was inferred based on changes occurring across
chronological age cohorts.

Significant sex differences in trait score frequencies were observed by 13 years of age. Females 13 years of age and older were most frequently assigned
a score of 1 (48.7%), followed by scores of 2 (36.1%) and 3 (15.2%). Conversely, males 13 years of age and older were most often assigned a score of
3 (66.3%), followed by a score of 2 (33.0%), with scores of 1 being rare (0.7%). Full expression was attained between 17 and 19 years for females. No
significant differences in trait score frequencies were observed for males across any age cohorts, meaning full expression was already attained by 8
years.

The results indicate the preauricular sulcus is a useful trait for estimating sex in the young, with a score of 1 being strongly suggestive of female
classification, and a score of 3 being fairly suggestive of male classification after 13 years. Although pregnancy and parturition information are not
available for the sample used in this research, the high frequency of scores of 1 for many adolescent females strongly suggests that pronounced
expression of the preauricular sulcus cannot be associated with parity alone, which is in agreement with studies that have investigated this question
using adult samples.

References:

- Canty S. 2020. The preauricular sulcus in relation to sexual dimorphism, pregnancy and parturition in humans. Doctoral thesis, Liverpool John
Moores University.

2 Emmanuel M, Bokor BR. 2022. Tanner stages. [Updated 2022 Dec 11]. In: StatPearls [Internet]. Treasure Island, FL: StatPearls Publishing.
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A119 The Utility of the Maxillary Sinus in Estimating Biological Sex in a Modern American Population

Abigail Elaine Houkes*, University of Illinois Urbana-Champaign, Savoy, IL

Learning Overview: After attending this presentation, attendees will: (1) be familiar with the maxillary sinus as a predictive element for estimating
biological sex in forensic anthropology, and (2) be informed about automatic 3D model-based methods for measuring the maxillary sinus.

Impact Statement: This presentation will impact the forensic science community by: (1) providing recommendations on the potential of the maxillary
sinus for predicting biological sex, and (2) addressing the current drawbacks and limitations in research on sexual dimorphism in the maxillary sinus.

Forensic anthropologists develop biological profile estimates (biological sex, ancestry, stature, and age) from skeletal remains to provide an
investigative lead to law enforcement and, in turn, the public about the decedent. The maxillary sinus has recently been examined as a potential tool
for estimating biological sex within forensic anthropology.':? This current research examines biological sex variation of the maxillary sinus’s volume
and dimensions using a 3D model constructed from Computerized Tomography (CT) scans within a contemporary United States population. The
research study aims to: (1) determine whether there are differences between the right and left maxillary sinuses, and (2) examine whether the maxillary
sinus exhibits sexual dimorphism.

The reference sample (n=90) used for this research study included 45 identified males and 45 identified females. The sample was drawn from the New
Mexico Decedent Image Database.?

The dependent variables of this study (maximum height, length, width, volume, and surface area) were examined using 3D modeling of CT scans
through 3D Slicer® and MeshLab® following Robles et al. protocol and measured automatically in a uniform manner in Meshmixer®.4

Data were analyzed using JMP Pro16.1.0. Univariate descriptive statistics for the male and female samples were calculated for the linear dimensions
(maximum length, width, and height), volume, and surface area. A paired t-test was used to test for significant differences between the right and left
sides of the maxillary sinus. To test for sexual dimorphism between males and females, paired two-tailed t-tests were conducted using the measurements
of the left maxillary sinus (given that there was no significant difference between the sides of the maxillary sinus).

Results of these t-tests reveal no significant differences between the right and left sides of the maxillary sinus or between the biological sexes (p >0.05).
The statistically insignificant results between biological sexes contradict international studies stating that the maxillary sinus is a tool that can be utilized
for biological sex estimation.>” However, these results could either indicate: (1) that sexual dimorphism within a United States population is lower than
in international samples, (2) sample sizes need to be increased to account for more population variation and to better interpret results, and (3) automated
measurements from 3D models differ from measurements taken from 2D measuring techniques.

The reliability of the Robles et al. method to construct and segment, and isolate the model, as well as the methods used to measure the maxillary sinus,
were assessed through intra-observer error rates. Considering p >0.05 for intra-observer error, intra-observer error was insignificant, indicating high
reliability.

These results indicate that the maxillary sinus does not exhibit significant sexual dimorphism and, as such, may not be applicable in forensic
anthropological casework. However, further validation studies of previous research are recommended regarding the: (1) collection of 2D versus 3D
maxillary sinus measurements, and (2) automation of maxillary sinus measurements versus manual measurements. Such studies will aid in determining
the validity of using maxillary sinus as a sex estimation method for forensic anthropological casework.

References:

I Elliot M, Collard M. FORDISC® and the determination of ancestry from cranial landmarks. Biology Letters Phylogeny. 2009; 5:849-852. doi:
10.1098/rsb1.2009.0462.
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> Bangi BB, Ginjupally U, Nadendla LK, Vadla B. 3D evaluation of maxillary sinus using computed tomography: A sexual dimorphic study. Int J
Dent. 2017. https://doi.org/10.1155/2017/9017078.

% Gomes AF, Gamba TdO, Yamasaki MC, Groppo FC, Neto FH, Possobon, RdF. Development and validation of a formula based on maxillary
sinus measurements as a tool for sex estimation: A cone beam computed tomography study. Int J Legal Med. 2019; 133: 1241-1249.
https://doi.org/10.1007/s00414-018-1869-6.

7+ Jehan M, Bhadkaria V, Trivedi A, Sharma SK. Sexual dimorphism of bizygomatic distance & maxillary sinus using CT scan. IOSR JDMS. 2014,

13(3) 91-95. www.iosrjournals.org.

Anthropology; Sex Assessment; Sexual Dimorphism

Copyright 2024 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 - 162 -


https://doi.org/10.1080/00450618.2020.1766113
https://doi.org/10.1155/2017/9017078
https://doi.org/10.1007/s00414-018-1869-6
http://www.iosrjournals.org/

AMERICAN ACADEMY OF
FORENSIC SCIENCES

Anthropology—2024

A120 Translating Results: Accessing Accuracy Within Sex Estimation Methods From the Biological Profile

McKenzie Macon®, University of Illinois at Urbana-Champaign, Harvey, IL; Cris E. Hughes, University of Illinois at Urbana-Champaign, Urbana, IL

Learning Overview: This presentation will utilize the Forensic Anthropology Database for Assessing Method Accuracy (FADAMA), focusing
specifically on sex estimation methods used within the United States to demonstrate the importance of assessing method accuracy utilizing a repository
where the decedent-identified sex is known. After attending this presentation, attendees will better understand that individual sex estimation methods
that are used in high frequency have high accuracy rates and are comparable to the case-report level accuracy found in earlier studies.

Impact Statement: This presentation will impact the forensic science community by indicating to forensic anthropologists that the most common sex
estimation methods appear to have consistently high accuracy. However, when considering overall method validation, both reproducibility and
reliability may vary for sex estimation methods. Although methods such as “generalized morphology” are consistently used in casework and provide
high accuracy rates for the FADAMA study sample, forensic anthropologists should be cautious when utilizing this method due to its highly subjective
approach. If generalized morphology continues to be used in casework, it should undergo reproducibility and reliability assessment using an appropriate
study model (e.g., black box study) to establish its validity.

Forensic practitioners are able to utilize a variety of methods to draw conclusions for the estimation of the biological profile, with recent studies
indicating accuracy for sex estimation to be around 98% at the case report level.!> However, the accuracy for the sex estimation at the method level
should also be assessed in order to compare to the collective outcomes as reported at the case report level. The present study explored method-level
accuracy for some of the most frequently used sex estimation methods, based on a robust sample of United States forensic anthropology casework from
FADAMA. FADAMA cases (n = 641; cases submitted to FADAMA at the time of download on July 9, 2023) were analyzed to infer the methods that
had the highest frequency of application, and the top six methods were selected for further analysis. Accuracy (whether the practitioner’s sex estimation
matched the decedent’s identified sex) was assessed for the six methods and yielded rates of accuracy between 97% to 100%, which is comparable to
the 98% accuracy of case-report level sex estimation accuracy in a FADAMA sample.3

Generalized Morphology (GM) was one of the top six most frequently used sex estimation methods for the FADAMA dataset. GM is an approach
where the forensic anthropologist chooses to focus on whatever aspect of the skeletal remains indicate sexual dimorphism to them, which may or may
not incorporate non-metric traits associated with other methods and is not grounded in statistical analysis nor applies/considers the same features for
each case. GM in particular stood out because, unlike other methods, it is not validated nor grounded in statistical inference, yet provided accuracy
rates comparable to the other five studied methods, compelling further analysis to assess its validity. Thus, it was next assessed whether GM’s accuracy
rate remained high when being used in isolation (i.e., only method used to estimate for sex for given case, n = 52) as compared to when it is being used
in conjunction with other methods (n = 150). Out of the 150 cases, accuracy was 99% when GM was utilized in conjunction with other methods and
96% when utilized in isolation. While the GM’s accuracy appears to be consistently robust, accuracy is not the only component when establishing a
method’s reliability. GM continues to be utilized in practice, given that over 50 cases use it as the sole method for estimating sex and its application
remains consistent even within the past decade of casework. As such, GM should undergo reproducibility and repeatability testing comparable to the
“black box study” approach recommended for subjective methods in the 2016 President’s Council of Advisors on Science and Technology Report.*
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A121 Creating Continuity: The Proper Handling of Unprovenanced, and Unidentified, Legacy Forensic Cases
and Prevention of Future Mishandling

Chelsey A. Juarez*, California State University Fresno, Fresno, CA; Alison Galloway, University of California Santa Cruz, Volcano, CA

Learning Overview: This presentation will provide a workflow for dealing with unprovenanced and unidentified forensic material encountered as a
result of retirements, job vacancies, and mishandling. After attending this presentation, attendees will better understand how to deal with unprovenanced
unidentified skeletal material of forensic significance in a laboratory or university setting.

Impact Statement: This presentation will impact the forensic community by highlighting the problem of mishandled forensic legacy skeletal materials,
providing achievable solutions for handling such collections and preventing their existence in the first place.

Although increasingly more rare, human skeletal material from forensic cases may be retained in forensic anthropology laboratories when cases remain
unidentified. In some instances, cases may remain unidentified, stored in labs for years while undergoing yearly reevaluations with new techniques.
During periods of transition, such as retirements, changing of jobs, closing down, or consolidation of labs or departments, such “legacy” forensic cases
can get lost, only to be found again by someone that has no knowledge of their existence. Currently, we are at an inflection point in the discipline, since
for the first time in the disciplines’ history, we have large populations of forensic anthropologists of retirement age that are beginning to give up their
labs and step away from their practice. When continuity is lost, provenance information, report data, and even general knowledge of the remains
existence may be lost.

Recently the Fresno State Forensic Anthropology Laboratory encountered a large forensic legacy skeletal collection lacking in any documentation. In
the section below, we discuss: (1) encountering a skeletal collection and what first steps should be taken, (2) how to ensure that there is continuity while
on the job, and (3) what to do at the time one departs a position when a replacement is uncertain.

If you encounter undocumented human remains, the first step is to review all cases to assess whether it is: (1) forensic, (2) archaeological, or (3)
anatomical. Forensic significance can be established by the presence of modern skeletal or dental alterations, possible connections to historic/prehistoric
populations, associated grave goods, or remaining documentation. One should prepare new peer-reviewed case reports on all material. C'* bomb testing
is recommended for any remains in which the time of death is uncertain and samples for DNA testing should be submitted to the appropriate authority.
Reestablish chain of custody by contacting all potential law enforcement entities and sharing an electronic drive containing an inventory, biological
profiles, and photographs of the remains.

Creating continuity requires access to information by individuals outside of the laboratory space. Create a lab electronic repository (like Google® drive
shared with others who are in a position to step in if needed). Make sure you have an accounting of all human skeletal material associated with your
laboratory, both forensic and non-forensic, where it is located. This inventory should be placed in the electronic repository. Consider an outside audit
to review standard operating procedures, handling and storage of material, equipment needs, etc.

When one leaves a position, whether by retirement or subsequent employment, this often means that both lab and secured storage is lost. If another
qualified person or agency is assuming the responsibilities of casework, then the material can be transferred to their care. However, if that is not the
case, the departing anthropologist must secure their cases so nothing is lost if needed in the future.

If the anthropologist is a consultant to a number of agencies, steps must be taken. (1) Skeletal material and other items, such as radiographs, should be
returned to the consulting agency. (2) Case files should be digitized and copies sent to the consulting agency. Unless there is secured storage available,
hard copies of the case files are often best returned to the agency as well. (3) Digitized copies of cases should be retained by the anthropologist in case
their testimony is needed at a future date. (4) A “death plan” should be established so heirs know what should be done with any case material when the
anthropologist dies.

Unprovenanced; Skeletal Remains; Continuity
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A122 Identification Trends in Forensic Anthropology Cases at the New Mexico Office of the Medical Investigator

Nicollette S. Appel*, University of New Mexico, Glen Head, NY; Cris E. Hughes, University of Illinois at Urbana-Champaign, Urbana, IL; Paige
Lynch, Environmental Archaeology Laboratory, Albuquerque, NM

Learning Overview: This presentation examines identification trends in forensic anthropology casework at the Office of the Medical Investigator
(OM]) in New Mexico, building on recent analyses of United States forensic casework that examined how decedent demographics related to
identification success by Hughes and colleagues.! After attending this presentation, attendees will understand that OMI decedent demographics and
biological profile estimations do relate to identification rates and identification method for decedent race, but not sex and age.

Impact Statement: This presentation will impact the forensic science community by highlighting how agency-specific analyses provide insight into
how decedent demographics and biological profile estimations are related to investigations. The identification trends presented also more broadly show
how societal contexts may play a part in how identifications are made.

There are continuing dialogs among practicing forensic anthropologists as to whether decedent demographics and biological profile estimations, in
particular population affinity, should be provided in formal reports to death investigators. Before broad changes are made to how forensic
anthropologists contribute to the investigative process, extensive scientific analyses must be done to prove or disprove whether forensic anthropological
estimates foster biased investigative outcomes.

Previous research examined forensic anthropology case data of more than 1,200 identified and unidentified persons broadly representing United States
forensic anthropology casework.? The authors emphasized that trends are likely agency or region-specific, and thus more research should be performed
at local agencies to compare the trends found in the broader United States study. The present study addressed this need by focusing on trends for the
OMI. Based on the most recent annual report of OMI cases with known race/ethnicity information, 49% are a race/ethnicity other than White, Non-
Hispanic. Within this group, 71% are Hispanic, 22% are Native American, 6% are Black, and 2% are Asian/Pacific Islander.? This large proportion of
Black, Indigenous, and People Of Color (BIPOC) decedents provides an appropriate dataset to expand the questions of whether decedent demographics
are related to identification success.

To infer whether differences in identification rate correspond with decedent demographics, comparisons using Fisher’s Exact test were made between
identification status and decedent race/ethnicity, sex, or age. The sample included individuals with a biological profile estimated by a forensic
anthropologist from 2017-2023 at the New Mexico OMI (n=68). Further analysis with Fisher’s Exact test examined the relationship between positive
identification methods (i.e., DNA, dental records, fingerprint comparisons) and decedent race/ethnicity, sex, or age. This sample included all individuals
that had a forensic anthropological analysis performed, regardless of whether a biological profile was estimated (n=182).

There is a significant relationship between identification status and decedent race/ethnicity (two-sided test, p value = 0.0055), with identification rates
greatest for Native American (86% identified) and White (67% identified) decedents compared with lower rates for Black (28% identified) and Hispanic
(25% identified) decedents. Identification methods also differed significantly among decedent races (two-sided test, p value = 0.003), with DNA
identifications more common for Black and Hispanic decedents, and dental identification more common in Native American and White decedents.
Fingerprint identifications were most common in Hispanic and Native American decedents. Decedent sex and age had no significant relationship with
identification method or status. These findings indicate that decedent race has a significant relationship with both identification method and
identification status for the OMI sample, further highlighting the agency-specific trends relating to investigative outcomes. Contextual factors
potentially contributing to the observed trends will be addressed in this presentation.
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A123 Forensic Anthropology Casework and Outreach: 50 Years of Operational Trends for Chico State's Human
Identification Laboratory

Colleen Milligan*, California State University, Chico, Chico, CA; Eric J. Bartelink, California State University, Chico, Chico, CA; Cheyenne D.
Collins, California State University Chico, Chico, CA; Taylor Lambrigger, Chico State University, Chico, CA; Ashley Kendell, California State
University, Chico, Chico, CA; Shannon Clinkinbeard, California State University, Chico, Lincoln, CA; P Willey, Chico State University, Chico, CA

Learning Overview: This presentation provides a historical perspective regarding Chico State’s Human Identification Laboratory’s (HIL) impact to
California’s medicolegal and first responder community through both casework and outreach. An emphasis on training, especially during the past two
decades, has produced a substantial increase in cases submitted to the HIL. After attending this presentation, attendees will understand the pivotal role
that outreach has on increasing casework and involvement in mass fatality responses.

Impact Statement: This presentation will impact the forensic anthropology community by demonstrating that outreach in the form of education and
training has a dramatic effect on increasing casework and improving statewide disaster responses.

A recently published study finds several factors that affect forensic anthropologists’ annual caseload.! Those most notable factors include the number
of search and recovery reports produced annually, the publication record, and the institution where the doctoral degree was received. However, the
study failed to identify one of the most important factors: outreach training and education.

Although beginning casework 50 years ago, Chico State’s HIL initially received few cases. Some early years saw little to no casework. Over the
decades, the annual caseload increased dramatically, especially in the past two decades. The first three decades of lab operations saw an average
caseload of ten cases per year. The past two decades saw an average caseload of 70 cases per year. That rise in caseload is correlated with an expansion
in outreach and training, especially since 2012. The past decade of lab operations has seen an increased average caseload of 112 cases annually. The
largest single factor for the HIL’s increasing caseload can be tied to medicolegal outreach and training. Between 1974 and 2011, the HIL worked with
52 agencies, steadily adding new partners over that period. By 2012, HIL faculty and staff significantly increased yearly training courses and workshops,
most notably becoming instructors in homicide courses within California’s Peace Officer Standards and Training system (POST). Between 2012 and
2022, the HIL added an additional 91 new agencies. Of the current agencies the HIL works with on cases and recoveries, 64% of the agencies were
added after 2012.

California is currently seeing an increase in the frequency and size of mass fatality events. While wildfires are the largest disaster threat each year, flash
floods, mudslides, and earthquakes have also contributed to California’s mass fatality events. Chico State’s increased partnership with agencies across
the state is valuable for another reason: mass fatality response. The deadliest and most destructive wildfire on state record was the 2018 Camp Fire.
Through California’s mutual aid system, nearly every county in California sent resources to that event, including their search and rescue personnel.
Local and state agencies’ familiarity with the HIL allowed the lab to play a centralized role in victim recovery and identification from that event. That
led to the HIL communicating with state officials on improving future disaster responses and again increased the resulting yearly trainings that the HIL
provides. Since 2018, the HIL has trained more than 3,000 medicolegal professionals through annual continuing education courses and workshops and
through “Just in Time” training on disaster sites. The HIL conducts annual outreach training for an array of medicolegal professionals and first
responders, including: law enforcement agents (POST); death investigators and coroners (California State Coroners’ Association); search and rescue
personnel (Search and Rescue Workshops); state emergency managers (California Office of Emergency Services); cold case investigators (California
Department of Justice’s Missing and Unidentified Persons); and fire investigators. By regularly and frequently presenting to these groups, providing
lectures, and conducting workshops, authorities remain aware of the laboratory’s presence and expertise as well as its role as a statewide deployable
resource.

Reference:
I Pilloud, M.A., Passalacqua, N.V. and Philbin, C.S. (2022). Caseloads in Forensic Anthropology. American Journal of Biological Anthropology,
177(3), 556-565.
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A124 The Evolution of Forensic Anthropological Casework: Exemplifying the Importance of Routine Reanalysis
of Long-Term Unidentified Remains at the Forensic Anthropology Center at Texas State (FACTS)

Emilie Wiedenmeyer®, Texas State University, Kyle, TX; Theresa M. De Cree, Texas State University, San Marcos, TX; Michelle D. Hamilton, Texas
State University, San Marcos, TX

Learning Overview: After attending this presentation, attendees will better understand the necessity of systematically reviewing long-term unidentified
human remains cases with new methodologies through a summary of casework reanalysis conducted at the FACTS. The assessment of updates to
biological profile estimations with the use of new methods will be illustrated via a quantitative analysis of past and present case work.

Impact Statement: This presentation will impact the forensic science community by highlighting the importance of continued commitment and
advocacy for the long-term dead and the significance of reviewing open cases in forensic humanitarian casework.

Forensic anthropologists in academic settings will sometimes store and maintain unidentified human remains following analysis until positive
identification is assessed by the proper jurisdictional authority, enabling return to the next-of-kin. When these individuals remain unidentified despite
forensic analytic efforts, they can be relegated to curation for an extended period pending updates, sometimes spanning decades. In these situations,
proper stewardship and continued commitment to identification is paramount to resolving these cases and continuing to advocate for the long-term
dead.!

When requested by jurisdictional authorities, FACTS consults on forensic cases and often maintains custody at the request of authorities until
identifications are made. As of this writing, 58 forensic cases have been held at FACTS for more than five years with no further updates, with original
dates of analysis for 22% of those cases occurring prior to 2005 and the earliest dating back to 1967. Several punctuated efforts have been made since
then to reanalyze these cases and update all case reports, resulting in the majority of cases being examined at least twice. A select few were also included
in a third round of analysis as part of an initiative started at FACTS in 2021 to systematically review all casework. This presentation summarizes the
changes in resultant biological profiles over the course of all documented analyses. All assessments used the most current and accepted forensic
anthropological methods and statistical programs available at that time.

Of the 58 forensic cases still in FACTS custody, 32 have been reexamined thus far, resulting in updates to all 32 biological profiles and one count of
Minimum Number of Individuals (MNI). Changes made to all biological profile components and MNI estimations following each round of analysis
were recorded. Any increase or decrease from the original range for stature (+/- 1 inch) and age (+/- 5 years) were noted as changed from the original
estimate, and any modification from indeterminate to more specific (or vice versa), as well as complete change to a different category, were noted for
both sex and population affinity.

After the first round of reanalysis in the 32 cases, approximately 28% of sex estimations, 75% of age estimations, 44% of population affinity estimations,
and 37.5% stature estimations changed from their original results, and one case required a change to MNI. Following the second round of FACTS
analysis, which included only six cases, approximately 17% of sex estimations, 83% of age estimations, 33% of population affinity estimations, and
17% of stature estimations required adjustments.

These updates have resulted in 16 of the 19 cases currently entered in the National Missing and Unidentified Persons System (NamUs) requiring official
changes to their entries. The cases with recorded methodologies showed diverse changes in cited literature over time, with certain methods trending in
similar years. However, changes to biological profile estimations notably evolved with different versions of software applied, exemplifying the impact
of more inclusive samples and robust statistics.

These results emphasize the importance of revisiting all long-term unidentified casework with updated methodologies at regularly spaced intervals.
Renewed efforts can result in more specific and/or accurate estimations due to new or improved methodologies, updated reference data, and increased
practitioner knowledge and experience over time. As stewards of individuals who are often marginalized in life and are still vulnerable in death, forensic
anthropologists can serve as advocates for the unidentified by implementing regular reanalysis of open cases.? By highlighting this ongoing reanalysis
from an academic forensic anthropology laboratory, our hope is to continue the conversation of how to hone our strategies in identification efforts to
best serve unidentified individuals in these settings.

References:
I Goldstein, J. Z., Moe, M. E., Wiedenmeyer, E. L., Banks, P. M., Mavroudas, S. R., & Hamilton, M. D. (2022) Humanitarian action in academic
institutions: A case study in the ethical stewardship of unidentified forensic cases. Forensic Sciences Research, 1-8.

2 Goad, G. (2020) Expanding humanitarian forensic action: an approach to U.S. cold cases. Forensic Anthropology, 3, 50-58.
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A125 A Comparison of Forensic Anthropology Casework Across Two Urban, Midwest Medical Examiner
Offices, 2013-2021

Erin B. Waxenbaum*, Northwestern University, Evanston, IL; Lindsay H. Trammell, St. Louis County Office of the Medical Examiner, Berkeley, MO;
Anne Grauer, Loyola University Chicago, Chicago, IL

Learning Overview: After attending this session, attendees will have an appreciation for the similarities and differences in forensic anthropology
casework between two urban, Midwest medical examiner jurisdictions: the Cook County Illinois Medical Examiner’s Office and the St. Louis County
Office of the Medical Examiner between 2013-2021.

Impact Statement: This presentation will impact the forensic science community by helping attendees appreciate comparative forensic anthropology
casework between two geographically similar urban medical examiner offices and be able to more broadly compare data to better understand how
forensic anthropology practitioners are utilized across jurisdictions.

Forensic anthropology has garnered greater attention in the academic and medicolegal community with more practitioners embedded in Medical
Examiners and Coroners’ (ME/C) offices and increased coursework and forensic-oriented graduate programs offered at colleges and universities across
the country. However, practitioners situated within the medicolegal system often have varied roles and responsibilities, with few opportunities to
compare the nature, breadth, and outcomes of their casework with others. Sharing data will provide foundations upon which resource distribution,
planning, and needs assessment can be based, and provide essential information for training the next generation of professionals in the field.

The present analysis compares work conducted by three forensic anthropology practitioners across two jurisdictions: two working as part-time
consultants and one employed full-time within a Medical Examiner’s Office (MEO). In the Cook County MEO (CCMEO) of Illinois, two
anthropologists (EBW and ALG) consult on a part time, case-by-case basis. The St. Louis County, Missouri MEO (SLMEO) employs one full-time
forensic anthropologist (LHT) who worked concurrently as a medicolegal death investigator during the period under analysis.

With the objective of comparing the composition of forensic anthropology casework at the CCMEOQO and the SLMEO between 2013-2021, the following
variables were recorded and compared: month of discovery, decedent depositional environment, condition of remains upon initial discovery, type of
anthropology consult requested, time from discovery to consultation request, time from consultation request to analysis, and time from analysis to
report submission.

Between 2013-2021, forensic anthropologists working at the CCMEO completed a total of 119 cases (13.2 cases per year) with SLMEO completing
339 cases (37.6 cases per year). The greatest number of cases occurred at the CCMEO in 2021 (n=19) and the fewest occurred in 2020 (n=8). For
SLMEDO, the greatest number of cases occurred in 2019 (n=61) and the fewest in 2013 (n=19). A majority of cases at the CCMEO were discovered in
June (n=18) and the fewest in December (n =1), while at the SLMEO, the majority of cases occurred in April (n=35), with the fewest cases discovered
in January (n=19). Most cases were outdoor, surface recoveries for both jurisdictions. Upon initial discovery, a majority of cases for the CCMEO were
in a stage of decomposition (52.1%), while for SLMEO, a majority of cases were fully skeletonized (50.4%). While consult requests may include
multiple components, for the CCMEO, 68.9% of requests included biological profile estimation, while for SLMEO, 32.7% included radiographic
identification—a task assigned to full-time radiology technicians at the CCMEO. On average for the CCMEO, 77.8 days elapsed from discovery to
anthropology consult, 60.8 days from consultation request to anthropology visit, and 13.2 days from anthropology analysis in person to report
submission. For the SLMEO, 4.3 days elapsed from discovery to anthropology consult, 2.2 days from consultation request to anthropology analysis,
and 7.6 days from anthropological analysis to report submission. This is a direct result of the difference between employment within vs. outside the
MEO context and the type of consult request.

The role and breadth of forensic anthropology is expanding both academically and within the medicolegal community. Greater discussion and
comparison of the range of services, support, and expertise that forensic anthropologists provide ME/C offices broadens the understanding of the field,
allows for the formulation of best practices, and serves as data upon which decisions regarding protocol, funding, resources, and need can be based.
With additional practitioners collecting and sharing their data, a clearer window into the scope and utility of the field will be appreciated by both our
colleagues and the greater forensic scientific community.
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A126 Introducing the Forensic Science Research and Training Laboratory (FSRTL), a New Forensic
Anthropology Research Facility at George Mason University

An-Di Yim*, George Mason University, Fairfax, VA; Emily D. Rancourt, George Mason University, Fairfax, VA, Joseph A. DiZinno, DDS, George
Mason University, Fairfax, VA; Brian Eckenrode, George Mason University, Manassas, VA; Kimberly Rule, George Mason University, Fairfax, VA;
Christopher Durac, George Mason University, Fairfax, VA; Mary E. O Toole, George Mason University, Fairfax, VA

Learning Overview: After attending this presentation, attendees will have a better understanding of the history, ongoing research efforts, and expected
results as well as opportunities for collaboration afforded by the FSRTL at George Mason University (GMU).

Impact Statement: This presentation will impact the forensic science community by highlighting the ongoing processes and research at the FSRTL at
GMU and offering opportunities to collaborate and advance knowledge in forensic taphonomy.

This presentation introduces the FSRTL, a human decomposition research facility at GMU. The human decomposition facility was first proposed in
2018, in recognition of the need for a forensic anthropology research facility in the mid-Atlantic region that contributes to a deeper understanding of
the geographic variation in human taphonomy as well as develops practical forensic applications that aid federal and local agencies in the Washington
metropolitan area. Approval from GMU was granted in 2020 and the facility was opened in 2021 on the Science and Technology Campus of GMU in
Manassas, VA. The five-acre facility is located in a flat, wooded area and divided into an inner one-acre area dedicated to human decomposition research
and an outer four-acre area for training and animal decomposition projects. Research to establish baseline environmental data has been completed to
date.

A survey of the literature showed gaps in research that the FSRTL will fulfill. Using “forensic taphonomy” as the search keyword, we identified 107
entries in the Journal of Forensic Sciences between 1981 and 2023 on the Web of Science database. Of these, 23 (21.5%) were research articles or case
studies conducted in human decomposition research facilities in the United States. The majority of the studies (12 studies, 52.2%) focused on
decomposition rates, progression, or estimation of postmortem interval, while 30.4% (seven) of the studies reported scavenging patterns. Ongoing
research at FSRTL will focus on the location and identification of human remains while supplementing research efforts with baseline data on geographic
variation in scavenger activities and decomposition rates and progression.

At present, donors at FSRTL are accepted through the Virginia State Anatomical Program (VSAP), an agency within the Virginia Department of Health
specializing in processing and receiving donations of human bodies for scientific study. The VSAP processes and transports the donors to the facility
to be placed and provides documentation such as informed consent of donation, basic demographic information (sex, age, self-identified race, self-
reported height and body weight), basic life and medical histories, as well as results of additional serology exams to GMU. The first donor is expected
to be placed in the second half of 2023, with a second donor following before the end of 2023.

Plans are in place to collect more information regarding lifestyle, life, and medical histories, all of which will be made available in the future for
research. Biological samples from donors will also be collected and stored for further DNA analysis. Current ongoing research efforts include
establishing regional data regarding decomposition rates, progression, and scavenger activity, methods to identify clandestine graves, and methods to
improve DNA recovery.

Finally, this presentation also provides information regarding the infrastructure that is in place to facilitate collaboration requests from interested
researchers and future plans to develop data-sharing mechanisms.

Forensic Anthropology; Human Decomposition; Taphonomy

Copyright 2024 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 - 169 -



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Anthropology—2024

A127 Stakeholder Perspectives and End of Life Planning: The Future for Body Farms, Donation Programs, and
Student Development

Natalie S. Wise*, Florida Institute for Forensic Anthropology & Applied Science (IFAAS), Tampa, FL; Erin H. Kimmerle, Florida Institute for Forensic
Anthropology & Applied Science (IFAAS), Tampa, FL

Learning Overview: The University of South Florida (USF) Donated Skeletal Collection is a critical resource, ethically sourced, for the development
and validation of methods, student research, and education. The aim of this presentation is to investigate why people pre-register, choosing a forensic
program over other final resting options, to ensure the policies and practices positively impact research opportunities.

Impact Statement: This presentation will impact the medicolegal community who contribute to end-of-life care, illustrating the needs and concerns
of families and donors while highlighting the positive role donated collections have on research opportunities and student development.

The USF Human Donation Program was created in 2016 and is among 12 such programs worldwide. The research facility consists of a living donor
program in which people pre-register to become donors (n=300+); the outdoor training facility where individuals are buried or placed for decomposition
(the Facility for Outdoor Research and Training [FORT], a.k.a. body farm); and the USF Donated Skeletal Collection, the permanent skeletal collection
and repository of the remains available for research and classroom instruction (n=128). The objective of this research paper is to investigate why people
pre-register, choosing a forensic program over other final resting options and how the policies and practices of the 12 forensic facilities compare to one
another in terms of who is admitted into the program and the impact that has on the types of research opportunities available.

Data comes from two sources and was analyzed using quantitative summary statistics and qualitative method analysis based on participant responses.
Life history data about economic status, occupation, and the reasoning for choosing a forensic donation program was collected from the USF donor
packets (n=300). Many donors added written letters to the packet explaining their interest and motivation for choosing the program and these were
included. Second, a questionnaire was completed by each of the program directors (n=12) regarding types of research, funding sources, access to
collections, and applications of research to criminal investigations within their programs.

Interestingly, of the pre-donor packets that indicate a reason for choosing this program, the top three reasons (84%) include its high educational value,
the opportunity for multiple family members to be part of the same collection, and the long-term commitment of the program. Further, most respondents
self-identified as middle- to upper-class socioeconomic backgrounds (70%). Anatomical collections have been widely misinterpreted as consisting of
individuals of only lower socioeconomic status with false assumptions made about their motivations (i.e., financial necessity). One of the first donors
into the USF program was a local principal who dedicated his life to teaching. Upon his unexpected death, the wife donated his remains stating, “There’s
so much bittersweet in all of this. [He] wanted to continue teaching after his death. It would be my last gift to education, he’d say. This couldn’t be
more perfect.” Another pre-donor said, “Being a retired homicide detective, I'm still very much intrigued with forensic anthropology,” indicating an
understanding of the direct value that donation programs and forensic anthropology have on homicide investigations.

Multiple members of numerous families are also opting into the program, showing that such donation programs are an integral part of the preparation
that goes into end-of-life planning, with donors viewing the collection as their eternal family resting place. The growth of similar forensic donation and
outdoor facility programs is shown to be imperative not only for the advancement of forensic research, but also for individuals who have made their
wishes of donation clear in their end-of-life plans. One-hundred percent of the pre-donors who came into the program over the past year called us as
they were entering hospice.

Similar trends are seen across most of the other forensic facilities surveyed. When policies of collections were compared, program variation was mostly
around whether unclaimed human remains are accepted. Three facilities do accept unclaimed remains. This practice has been subject to ethical debates
about research on individuals who have not granted consent and the limited potential of research applications without known life and medical histories.
Programs also varied in terms of research practices, with only a few programs allowing destructive analysis such as experimental trauma research
(33%) or collaborations with outside government labs for DNA research (50%).

Skeletal Remains; Body Donation; Decision Making
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A128 The Forensic Taphonomy Education and Research Facility: An Interdisciplinary Educational and
Professional Resource

Sophia I. Reck*, Louisiana State University, Baton Rouge, LA; Ginesse A. Listi, Louisiana State University, Baton Rouge, LA

Learning Overview: After attending this presentation, attendees will have a better understanding of how a local forensic taphonomy facility has
impacted forensic anthropological casework and professional development.

Impact Statement: This presentation will impact the forensic community by demonstrating practical interdisciplinary uses for forensic taphonomy
facilities and provide baseline decompositional data for southeastern Louisiana.

Forensic taphonomy facilities primarily have focused on observing variation in rates of human decomposition to establish more accurate Postmortem
Interval (PMI) estimations. Through body donation programs, forensic taphonomy facilities have explicated the progression of human decomposition,
augmented donated skeletal collections, and created spaces for medicolegal professional development and interdisciplinary research. In 2019, the
Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) Laboratory broke ground on a human
decomposition research facility, and the associated body donation program was fully developed by the fall of 2022. Both the FACES Laboratory and
the Forensic Taphonomy Education and Research Facility (FTERF) operate within the Department of Geography and Anthropology at LSU.

As of July 2023, the Human Body Donation Program has resulted in 21 registered living donors and 16 next-of-kin donations. Of the remains placed
at the FTERF, 11 are male and 5 are female, with ages spanning from 26 to 91 years (X = 61 years). Individual weights ranged from 125 to 3391bs. (X
= 191 lbs.) and statures ranged from 52" to 62" (X = 5'9"). Currently, the longest interval of placement at the FTERF is 167 days. Preliminary
taphonomic observations include a color sequence with a high presence of orange and red discoloration, extended persistence of marbling into advanced

decomposition, and cycling dehydration and rehydration of tissue from intermittent rainfall.

The FTERF is located in the Cfa climate zone (temperate climate with a hot summer and no dry season) according to the Koppen-Geiger climate
classification system—similar to multiple other forensic taphonomy facilities.! However, climate zones do not account for all environmental variability
(e.g., elevation or ecoregions). Uniquely, the FTERF is situated in eastern temperate forests (Level I ecoregion) on the Mississippi Alluvial Plain and
Mississippi Valley Loess Plains (Level III ecoregions).>* Additionally, being positioned on the Mississippi River floodplain, specifically the Hammond
alloformation, soil texture at the FTERF extends from silty clay to medium sand.’ Regional decompositional differences are likely present between
forensic taphonomy facilities in the same climate zone; accordingly, local taphonomic data are a vital resource for PMI estimation in forensic
anthropological casework.

While the FTERF does work toward the traditional goals of forensic taphonomy facilities, being situated in a dual-discipline department also directs
the goals of the FTERF toward interdisciplinary education. Consequently, the FTERF provides instructional space for students in physical geography,
paleoanthropology, archaeology, and forensic anthropology. Training is available for various geophysical methodologies, recognizing taphonomic
agents for both paleoanthropological and forensic contexts, and human remains recovery techniques. The FTERF also produces data relevant to
climatology, soil science, DNA and isotopic analysis, and forensic imaging.

Regarding professional development, 82 individuals received training at the FTERF (representing 17 undergraduates, 13 graduate students and
undergraduate student workers, and 52 medicolegal professionals). Of the student workers, 10/13 subsequently found positions in graduate programs
or employment in forensics or archaeology. By extending the resources of taphonomy facilities to other disciplines, students gained a more robust
education that has resulted in diverse academic and professional opportunities.
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A129 A Retrospective Review of the Skeletal Trauma Consultations at Western Michigan University Homer
Stryker M.D. School of Medicine From 2018 to 2022

Ginelle K. Kocher* Reno, NV

WITHDRAWN
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A130 Considerations for Age Estimation Accuracy: Method-Derived Outcomes and Practitioner Interpretations

Cris E. Hughes*, University of Illinois at Urbana-Champaign, Urbana, IL; Chelsey A. Juarez, California State University Fresno, Fresno, CA; An-Di
Yim, George Mason University, Fairfax, VA

Learning Overview: This presentation utilizes forensic anthropology case data to assess the performance (accuracy) of the most commonly applied
age estimation methods in United States casework. After attending this presentation, attendees will better understand the accuracy of different aging
methods and the importance of studying practitioner-based interpretations with the “black-box study” model.

Impact Statement: This presentation will impact the forensic science community by providing accuracy rates for methods and by highlighting the
discrepancies between method-derived outcomes and the practitioner modifications/interpretations of these outcomes. Validation studies to date tend
to focus on the explicit method outcomes, but practitioner adjustments can play a key role in improving the accuracy of the final age estimation
outcomes on case reports and must be incorporated into validity studies.

Recently, Hughes and colleagues observed that case-report level accuracy for age-at-death estimations by United States forensic anthropologists was
at 92%.! The present study compares this case report level accuracy to method level accuracy for the most commonly used methods in United States
casework, based on the Forensic Anthropology Database for Assessing Methods Accuracy (FADAMA).2 Method application frequency was analyzed
for n =641 cases and found only 15 methods with an application rate greater than 45 cases (based on cases submitted to FADAMA at the time of data
download on June 6, 2023). Accuracy (whether the known decedent age fell within the age range yielded by a given method) was assessed for each
method. Of the 15 methods, only four yielded accuracies greater than or equal to the 92% documented for case-report level accuracy. The other 11
methods produced accuracy rates ranging from 54% to 91%, with six of these below 70% accuracy, indicating that caution should be used in the
application of these methods’ specific outcomes to casework. In fact, this disconnect between highly accurate age estimations at the case report level
compared to the poor performance at method level suggests that practitioner interpretation of the methods is a critical step for increasing the accuracy
rates of the combined age estimations as reported on the final case report. Additional findings further support this hypothesis—the study next examined
whether case report-level accuracy was positively correlated with the number of aging methods used in a case.

For the cases that used at least one of the most common 15 methods, the median number of methods used in a single case is three (100% range is one
to seven methods). Cases using a single method as well as cases using up to six methods all have comparable rates of accuracy for age estimations at
the case report level (n =525, Fisher’s Exact 2-sided test p =0.93; 80-90% accuracy). The findings of the present study clearly suggest that practitioners
are interpreting and modifying specific method outcomes in ways that improve the overall accuracy of age estimations on their final reports. The
implications for these findings greatly alter how forensic anthropologists should proceed with validation studies of age estimation methods and should
be evaluated using “black-box studies” comparable to those outlined in the 2016 President’s Council of Advisors on Science and Technology Report.?
Such approaches will render a more representative picture of the validity of the methods that have substantial practitioner interpretation.
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A131 A Regression-Based Machine Learning Framework for Adult Skeletal Age Estimation

David Navega, University of Coimbra, Centre for Functional Ecology, Department of Life Sciences, Coimbra, Portugal; Eugenia Cunha®, National
Institute of Legal Medicine and Forensic Sciences and University of Coimbra, Coimbra, Portugal

Learning Overview: After attending this presentation, attendees will understand and be aware of the potential of regression-based approaches for
skeletal age estimation, both in the construction of point-estimate and predictive interval models.

Impact Statement: This presentation will impact the forensic science community by increasing awareness of novel computational approaches and
open source tools.

Age-at-death estimation of adult human remains poses significant challenges in forensic anthropology and medicine, in particular for the elderly. The
intricate nature of adult age estimation arises from the interplay of biological and methodological complexities. Current anthropological approaches to
age estimation suffer from limitations, including sparse array of skeletal traits, overemphasis on specific traits like the pubic symphysis, and the absence
of a formal procedure to combine information from multiple skeletal parts, thus failing to reflect individual variation.

To address these prevalent methodological issues in adult skeletal age-at-death estimation, a novel scoring protocol for age-related skeletal traits and a
machine learning regression-based framework have been developed. The regression-based approach uses deep random neural networks for point
estimates and conformal prediction theory to construct predictive intervals for age-at-death estimates. Deep random neural networks use randomization
techniques and multiple layers to improve feature extraction while balancing generalization and computational efficiency. Conformal prediction is a
machine learning technique that quantifies prediction uncertainty, aiding the assessment of confidence and predictive interval construction.

Through results based on a rigorous cross-validation analysis, this presentation will demonstrate that age estimation from skeletal remains can be
accurately inferred across the entire adult age span, yielding a mean absolute error of approximately six years. Moreover, this approach facilitates the
generation of informative estimates and prediction intervals specifically tailored for the elderly population. Attendees will have access to open-source
software tools developed using R and C++ programming languages, which they can apply to their own datasets to produce accurate models based on
machine learning techniques.

This report will also present the Deep Random Neural Networks for Adult Skeletal Age-At-Death Estimation (DRNNAGE) tool, a software that
operationalizes the proposed regression-based framework and provides a graphical user interface to a computationally intensive approach to adult
skeletal age estimation. The comprehensive inclusion of multiple skeletal traits and the consideration of individual variation through statistical modeling
of uncertainty for predictive intervals provide a robust and reliable tool for forensic anthropologists and medical professionals. DRNNAGE serves as
a pivotal advancement in accurately determining the age at death of adult human remains, thereby enhancing the accuracy and precision of biological
profiling in forensic investigations.
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A132 Cranial Masculinization: How Age Progression Affects the Accuracy of Sex Estimations in Adults

Lyndsey Hornagold*, University of South Florida, Johnson City, NY; Samantha Shipley*, Binghamton University, Binghamton, NY; Erin H. Kimmerle,
Florida Institute for Forensic Anthropology & Applied Science, Tampa, FL

Learning Overview: This presentation will look at primary methodologies used for sex estimation in forensic anthropological casework by examining
both metric and non-metric methods. After this presentation, attendees will better understand how various methods are impacted by cranial
masculinization caused by aging processes and the ideal method to use depending on an individual’s age. Additionally, this research will look at which
specific cranial landmarks used for metric and non-metric sex estimation methods are significantly affected by cranial masculinization.

Impact Statement: This research will impact how forensic anthropologists estimate sex in future casework, especially for older individuals. These
findings will aid in making biological profiles more accurate and increase positive identifications, promoting equal justice for victims of all ages.

While there have been studies on sexual dimorphism in human crania, there have been few studies that take post-puberty age-related changes into
consideration. A majority of age-related studies conducted tend to focus on the physiological changes that occur from childhood to early adulthood.
Thus, different sex estimation methods have been developed based on physical developmental milestones. Regardless of multiple studies showing there
are also age-related changes that occur throughout adulthood, methods post-puberty are the same for the remainder of an individual’s life. Some of
these post-pubertal changes are referred to as cranial masculinization, an aging process caused by a variety of factors leading to increased thickness
and robusticity of different parts of the cranium in both males and females that minimizes sexually dimorphic features.! This research aims to further
evaluate the changes caused by cranial masculinization in adults and how these changes impact the accuracy of commonly used sex estimation methods
in forensic anthropology.

The accuracy of metric and non-metric cranial sex estimation methods was tested using a portion of the Florida Institute for Forensic Anthropology &
Applied Sciences’ donor collection (n= 84) at the University of South Florida. Donors were divided into three age cohorts: 36-50, 51-70, and 71+.
Metric measurements were taken following the Data Collection Procedures for Forensic Skeletal Material 2.0 guidelines before being input into
FORDISC® 3.1 to estimate sex.>? All measurements and non-metric scoring using the mandible were excluded due to the significant inter-observer
error that has been previously reported.* The Walker and Langley et al. non-metric sex estimation methods were also tested.>® Current literature
regarding cranial masculinization suggests the accuracy of all three sex estimation methods were expected to be impacted, especially for older age
cohorts. Research also suggests predicting sex will be more accurate when using metric compared to non-metric methodologies.”

The sex of each donor was unknown prior to testing each methodology. The accuracy of each method was then analyzed using McNemar’s test, with a
few statistically significant results. Lastly, each measurement and trait were analyzed using a Multivariate Analysis of Variance (MANOVA) to better
understand the interactions between age and sex. The MANOVA test showed that multiple measurements were significantly impacted, especially when
age was a factor. Landmarks located on the hard palate and cranial base were more affected by age than any other region. Both the Walker and Langley
et al. methods were less accurate in the 51-70 and 71+ age cohorts as compared to the 36—0 cohort.>® Overall, the Langley et al. method was far more
accurate in estimating an individual’s sex than the Walker and metric methods.>° Based on this study’s results, the methods and landmarks used when
estimating sex should be altered to increase the accuracy of their biological profile, especially when an individual is assumed to be older than 50 years
of age.
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A133 Unaccompanied Minors Automatic Forensic Age Estimation (UMAFAE): Applying Artificial Intelligence-
Based Methods to Estimate Legal Age in Undocumented Minors

Stefano De Luca, Panacea Cooperative Research S. Coop., Madrid, Spain; Javier Venema Rodriguez, Panacea Cooperative Research S. Coop.,
Granada, Spain; Oscar Ibadiiez Panizo*, CITIC, University of A Corufia, La Coruiia, Spain; Pablo Mesejo Santiago, Department of Computer Science
and Artificial Intelligence, Granada, Spain

Learning Overview: After attending this presentation, attendees will understand that Artificial Intelligence (Al) is a very useful complementary tool
when estimating the age of minors without family references since it allows obtaining precise and accurate information in a very short time and with
less effort on the part of the experts involved in the process of evaluating the subject’s identity.

Impact Statement: This presentation will impact the forensic science community by informing attendees that although most age-estimation methods
perform reasonably well and are widely used in the scientific community, all of them rely on manual measurements or classifications, which require
much time and effort. There is also a high degree of subjectivity (both intra- and inter-observer) in the dental evaluations obtained from some classical
methods. Deep learning methods can be used to automatically and accurately predict someone’s chronological age, especially in those undocumented
minors arriving in Europe without any valid proof of identity, and to efficiently classify between subjects younger and older than 18 years of age.

Legal age estimation is essential for the identification of undocumented minors seeking asylum. In the European Union context, recommendations have
been developed by the interdisciplinary German Study Group on Forensic Age Diagnostics (AGFAD) and the European Asylum Support Office (EASO)
in order to standardize the assessment procedure and to implement quality assurance. However, due to the absence of good practices, the process is
often subjective and inaccurate.

The main aim of the European Union-funded UMAFAE project is to develop and validate methods for estimating legal age by applying Al techniques
in order to increase accuracy while reducing estimation times and subjectivity. For this purpose, we are collecting and processing the largest-ever data
set of radiographic images (dental and carpal radiographs, computer tomographies of the chest, and cone-beam computed tomographies of the
maxillofacial region) to train and validate Al-based methods. The inclusion criteria are: an age range between 14 and 25 years; known biological sex
and age; and good quality of the images obtained. In addition, images of subjects with diseases of endocrine or congenital origin, alterations in dental
and bone development, subjects with orthodontic history, or with bone trauma in the joints of interest (sternoclavicular, and wrist joint complex) are
included to determine the degree of influence of these variables on the accuracy of the algorithms.

In this preliminary work, a sample of 10,848 Orthopantomographies (OPGs) from several countries (Bosnia, Botswana, Chile, Dominican Republic,
Kosovo, Lebanon, Malaysia, Italy, Turkey, Uganda, Japan, and Korea) was used to train, validate, and evaluate an Al model for age estimation. As a
first step, all images were pre-processed to remove duplicates, inconsistencies, and background noise. We have also segmented the lower left third
molar to compare the results using the full OPG (best option) and the third molar only. Several Convolutional Neural Networks (CNN) architectures
were trained using those images and metadata (sex and ethnicity) in order to estimate age. Our results in the test set (for the best model in validation)
showed a Mean Absolute Error (MAE) of 1.15 years and an accuracy of 88.94% for legal age estimation (an individual age is >18 or not). Our findings
are in agreement with previous studies but with a significant difference: we are validating our model on a sample composed of 12 different populations,
not only one. Additionally, we are trying to simulate a real scenario by estimating age in samples that have never been seen by the model; that is, the
training data does not contain any image from that sample. More specifically, the model showed an MAE of 1.20, 1.49, 1.50, and 1.43 years and an
accuracy of 89.77%, 80.32%, 84.81%, and 80.95% for four samples from Russia, Ethiopia, Australia, and Egypt, respectively. We have also developed
a model that penalizes age overestimation so that a minor is never classified as a legal adult. This model gets an MAE of 1.77 years and an accuracy of
81.49% in validation, but has less tendency to wrongly classify a minor. Since further experiments are still being performed these results should be
considered only preliminary.'-3
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A134 Macroscopic Differences in Adult Human Femora Are Linked to Body Mass Index

Daniel Wescott*, Texas State University, San Marcos, TX; Elaine Y. Chu, Texas State University, Austin, TX; Adam D. Sylvester, The Johns Hopkins
University School of Medicine, Baltimore, MD; Gengxin Shi, The Johns Hopkins University School of Medicine, Baltimore, MD; Wojciech Zbijewski,
The Johns Hopkins University, Baltimore, MD; Lauren A. Meckel, Louisiana State University Health Sciences Center, New Orleans, LA; Deborah L.
Cunningham, Texas State University, San Marcos, TX

Learning Overview: This presentation will demonstrate the utility of whole-bone femoral shape in estimating the Body Mass Index (BMI) category
for the adult biological profile.

Impact Statement: This presentation will impact the forensic science community by demonstrating a relationship between whole-bone external femur
shape and the BMI category and obesity status.

Body mass is generally not included when constructing a biological profile from skeletonized human remains because of the lack of precise and accurate
estimation methods.!? This is especially true for obese or emaciated individuals. Bone functional adaptation theory argues that bone tissue responds to
mechanical strain in order to maintain skeletal element strain within acceptable limits.? Increases in body mass result in relatively higher loading of
lower limb skeletal elements, producing strain levels that elicit bone formation and potentially alter the external shape of skeletal elements. This project
examines the feasibility of establishing BMI category from external femur shape.

Eighty human femora that are part of the Texas State University Donated Skeletal Collection (TXSTDSC) curated by the Forensic Anthropology Center
at Texas State University were used in this study.* Forty femora are from female donors and 40 femora are from male donors of known body mass and
stature at time of death. For the female sample, we selected 20 individuals with a BMI of 19-27 (“moderate”) and 20 individuals with a BMI greater
than 29 (“high”). In the male sample, we selected 20 individuals with a BMI of 18-26 (“moderate”) and 20 individuals with a BMI greater than 29
(“high”). Femora were scanned on a Canon® Aquilion Precision CT scanner, housed in the Division of Cardiology, Department of Medicine, at the
Johns Hopkins Hospital. Triangular mesh surface models were generated from image stacks and all surface models were resampled (~25,000 vertices)
to improve triangulation. Variation in femoral shape was quantified using a 3D landmark analysis based on the coherent point drift algorithm.> Shape
variation was summarized using principal components analysis and BMI groups were compared for component scores.

Statistically significant shape differences (p<0.05) were detected in the male sample between moderate and high BMI categories. In the male sample,
the high BMI group femora were associated with greater proximal diaphyseal breadths as well as lower anteversion angles. These shape differences
between BMI categories were also detected in the female sample, although they only approached statistical significance (p=0.065). These results
demonstrate the potential for incorporating external shape of the femur in estimating BMI for the proposes of improving the biological profile.
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A135 A Critical Validation of Dental Morphology as a Method of Ancestry Estimation in a Historical Forensic
Context

Laura E. Cirillo*, SNA International Supporting the Defense POW/MIA Accounting Agency, San Francisco, CA; Rylan Tegtmeyer Hawke, SNA International
Supporting the Defense POW/MIA Accounting Agency, Waipahu, HI; Rebecca J. Taylor, Defense POW/MIA Accounting Agency, Kapolei, HI

Learning Overview: After attending this presentation, attendees will have a better understanding of the accuracy of dental morphology methods in
forensic casework for ancestry estimation and the factors that influence the success of the methods in forensic application.

Impact Statement: This presentation will impact the forensic science community by validating two major dental morphology methods used to estimate
ancestry when applied to a forensic context and will highlight both intrinsic and extrinsic factors that may influence the application of the method.

As the field of forensic anthropology weighs the potential benefits and harms of ancestry estimation on a more theoretical level, the shortcomings of
existing methods are being reevaluated to assess their practical value with a more critical eye. The preference for craniometric and morphoscopic
methods of ancestry estimation has left dental morphology applications relatively undiscussed. The advanced training necessary to score the traits the
dental methods are based on may be contributing to their relative disfavor in case work application. When applied, there are two major methods used
with distinct considerations. Edgar only classifies individuals into three groups, severely limiting its application in blind forensic casework.! Scott et
al. was not developed with a modern sample, so it has unknown classification accuracy in forensic application.?

Because casework conducted at the Defense POW/MIA Accounting Agency includes a comparison of antemortem records that report ancestry, the
application of dental morphology methods can be tracked and assessed with relative ease compared to casework in other forensic contexts. Although
dental morphology is not commonly used in the agency overall, a sample of 78 resolved cases using the Edgar or Scott et al. methods was used to
identify trends of method application and performance in a historic forensic context.!? Classifications were compared to the reported ancestry of each
identified individual based on antemortem records to determine method accuracy.

Edgar was used in 41 cases (3 Black, 1 Hispanic, 37 White males) with an 80.5% overall correct classification accuracy and 89.2% for White males
specifically.! Scott et al. was used in 38 cases (1 Asian, 2 Black, 1 Hispanic, 1 Native American, 33 White males) with a 60.5% overall correct
classification accuracy and 63.6% for White males.> Because so few of the cases involved reported ancestry groups other than White, the correct
classification accuracy for other groups was not calculated.

Despite the overall accuracy of the Edgar method exceeding that of the Scott et al. method by 20%, a Fisher’s Exact Test indicated that the performance
of both methods was not significantly different (p=0.08) in this sample."? The average number of traits used with both the Edgar and Scott et al. methods
was 13 traits, with a range of 2-20 and 1-21 traits, respectively.!? A comparison of the number of traits used and the accuracy of the application resulted
in a Point-Biserial Correlation Coefticient of 0.230 (p= 0.16) for Edgar and 0.035 (p= 0.83) for Scott et al., indicating a weak relationship for Edgar
and no relationship for Scott et al., but neither were statistically significant.!? The results suggest the performance of the methods is more complicated
than simply meeting a threshold value of traits. Analyst confidence in the methods and choices during application are possible factors affecting
performance.
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A136 ...and There Were Only Teeth: Postmortem Interval Estimation Based on XRD and FTIR

Sara C. C. Zapico*, New Jersey Institute of Technology, Newark, NJ; Juan Sudrez, Universidad de Malaga, Malaga, Spain, Stella Martin de las Heras,
Universidad de Malaga, Malaga, Spain; Leticia Rubio, University of Malaga- Faculty of Medicine, Malaga, Spain

Learning Overview: After attending this presentation, attendees will consider the possibility of determining the Postmortem Interval (PMI) on teeth
samples based on imaging, non-invasive techniques, X-Ray Diffraction (XRD) and Fourier Transform Infrared (FTIR) spectroscopy.

Impact Statement: This presentation will impact the forensic science community by presenting, for the first time, a new approach to determining the
PMI of skeletonized remains on the hardest tissues in the body, teeth, leading to accurately distinguishing among remains in the latest stages of
decomposition.

PMI is the time elapsed between the physiological death of an organism and its examination. This constitutes one of the most challenging parameters
for estimating in forensic science. Early Postmortem Interval (EPMI) is easier to determine based on physicochemical changes in the body, like rigor
mortis. In contrast, Late Postmortem Interval (LPMI) is more difficult to estimate, particularly in skeletonized remains. The study of PMI in the latest
stages of decomposition, on skeletonized remains, has been focused on the application of proteomics and other physicochemical techniques, like XRD
and FTIR. There are several studies assessing PMI on bones applying these techniques, since they are easy to perform, fast, inexpensive, non-
destructive, and show good accuracy in estimating PMI. Despite the potential application of these techniques, there are no studies focused on teeth
samples. Teeth are the hardest tissues in the human body and remain after everything else has decomposed. Thus, they could be the samples of election
moreover when dealing with fragmentary remains and remains exposed to different environmental insults.

The aim of this work is to assess changes in the mineral composition of human teeth applying XRD and FTIR and correlate these changes with the
PMI to improve the accuracy of this estimate in latest stages of decomposition.

Forty healthily erupted human adult teeth (molars and premolars) were obtained from dental clinics and stored at times 0, 10, 25, and 50 years. Teeth
were cleaned and pulverized with liquid nitrogen using a 6770 Freezer Mill. Then, 100mg of tooth powder were subjected to XRD analysis to determine
crystallographic indices (crystallinity and crystal size) and 100mg of tooth powder were used to perform FTIR Attenuated Total Reflectance (ATR)
analysis and determine different indices: Mineral to organic Matrix ratio (M/M); Carbon to Phosphate ratio (C/P); mineral crystallinity; and collagen
maturity.

According to the XRD results, there are differences among PMIs: both crystallinity and crystal size increased with the PMI. With respect to the FTIR
analyses, M/M ratio increased with the PMI, and in contrast, the C/P ratio decreased with the PMI, not finding differences on the other two indices.
Applying Pearson correlations, it was possible to demonstrate a positive correlation among crystallinity, crystal size, and M/M ratio with the PMI, and
a negative correlation between C/P ratio with the PMI.

The prediction models developed from these variables indicated a high accuracy for the estimation of PMI, particularly at 10 years and 50 years, with
success rates of 87% and 80%, respectively.

Overall, these results demonstrated for the first time the feasibility of using XRD and FTIR to determine the PMI on the hardest tissue in the human
body, the teeth, and their accuracy to distinguish between long-term PMIs, allowing the application to severely decomposed bodies. Future research
will be able to expand these findings, increasing the number of teeth and assessing the impact of environmental and inherent factors on the determination
of PMI.
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A137 Geofor: A Forensic Taphonomy Database for PMI Estimation Using a Machine Learning Model

Katherine E. Weisensee*, Clemson University, Clemson, SC; Madeline Atwell, Clemson University, Columbia, SC; Cristina 1. Tica, Eastern New
Mexico University, Portales, NM; Dane Smith, Clemson University, Central, SC; Carl Ehrett, Clemson University, Clemson, SC; Patricia Carbajales-
Dale, Geospatial Technologies, Clemson, Seneca, SC; Patrick J. Claflin, Jr., Clemson University, Clemson, SC; Noah A. Nisbet, Clemson University,
Greenville, SC

Learning Overview: After attending this presentation, attendees will understand the limitations of the current state of Postmortem Interval (PMI)
estimation in forensic anthropology and how machine learning models provide a more accurate estimation for time since death. Attendees will also
learn how to register and use the geoFOR application—a forensic taphonomic database designed to provide practitioners with a platform to enter cases
and receive an automated PMI estimation.

Impact Statement: This presentation will impact the forensic community by demonstrating how the geoFOR application can be used to provide a PMI
estimation using observations of human remains and associated weather data through a machine learning model.

Estimating the time since death, or thePMI, poses a significant challenge to forensic scientists when human remains are discovered because of limited
reliable methodologies, particularly for cases in advanced decomposition. Current PMI estimation methods lack scientific rigor and are often
inconsistent, which can impede the successful identification of unknown human remains and the reconstruction of events around the time of death.
Despite decades of research, existing studies regarding PMI estimation are significantly hindered due to reliance on small sample sizes, environmental
homogeneity, and inconsistent definitions of the stages of decomposition.

To transcend longstanding methodological issues, we developed an ongoing collaborative forensic taphonomy reference database that utilizes ArcGIS®
and machine learning models to deliver improved PMI estimations. This tool offers forensic practitioners a platform to enter case information, including
demographic data and uniform descriptions concerning characteristics of decomposition, insect, and scavenger activity. The app automates the
collection of weather data from the location of discovery using the Global Historical Climatology Network (GHCN) through the National Oceanic and
Atmospheric Administration (NOAA). The database currently contains over 2,600 cases derived from medicolegal death investigations and human
decomposition research facilities across the United Stattes. Data collection is ongoing as new and existing collaborators enter case information. The
size and comprehensive nature of the geoFOR data allow for the application of machine learning methods for estimating PMI. After users submit the
details of their case, the app delivers a PMI prediction using a statistically robust regression model. The advanced cross-validated machine learning
PMI predictive model results in an R? value of 0.8 and users receive a predicted PMI with an 80% confidence interval. Results will be presented as a
decision tree from the machine learning model to illustrate how the characteristics of decomposition are used to predict PMI.

This novel method for PMI estimation can help successfully narrow the search parameters for unknown decedents, which can expedite identification
and more accurately inform us about the circumstances surrounding their death. The geoFOR app complies with recommendations from the National
Institute of Standards and Technology (NIST) for the Standard for Taphonomic Observations in Support of the Postmortem Interval (2022) through the
use of a data-driven model that accounts for a wide variety of environmental factors and decomposition characteristics. GeoFOR also follows an Open
Science Framework through data sharing that promotes methodological integrity and reproducibility. These principles encourage fairness, equity, and
inclusion within the research community.

Postmortem Interval; Machine Learning; Taphonomy
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A138 Skeletal Element Recovery Rates From Outdoor Surface Contexts in Louisiana

Ginesse A. Listi*, Louisiana State University, Baton Rouge, LA

Learning Overview: This presentation provides skeletal element recovery rates for outdoor rural and suburban residential contexts in Louisiana and
examines variation in recovery rates according to environment, dispersal, who collected the remains, and estimated Postmortem Interval (PMI). After
attending this presentation, attendees will better understand how variables of interest affect skeletal element recovery rates and will have empirical data
to help guide future research in methodologies for bioprofile skeletal assessment.

Impact Statement: This presentation will impact the forensic science community by providing skeletal element recovery data for forensic anthropology
casework from outdoor contexts in Louisiana and by addressing how environment, dispersal, estimated PMI, and who collects the remains affect
recovery rates. Such information will provide empirical data to help guide future research in methodologies for bioprofile skeletal assessment.

Human remains subject to postmortem taphonomic processes are affected with regard to both survivability and recoverability. A recent publication
discusses the distinction between the two notions and urges forensic anthropologists to make available skeletal element recovery rates for their
casework, with a rationale that such documentation can provide an empirical basis to guide forensic anthropological research.!

Heeding this appeal, the current study: (1) provides skeletal element recovery rates for select casework from Louisiana, and (2) examines variation in
recovery rates according to environment, dispersal, who collected the remains, and estimated PMI. Data were gathered from case files at the Louisiana
State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) Laboratory. Cases included in this study were recovered
between 1980-2023 from outdoor surface contexts in rural or suburban residential areas. Skeletal element recovery data were collated from bone
inventories. Other variables, such as the environment in which the remains were found, the minimum and maximum estimated PMIs (PMIe-min, PMIe-
max), Whether the remains were dispersed or non-dispersed, and whether the remains were recovered by forensic anthropologists or medicolegal
personnel, were gleaned from case reports, bench notes, and scene photographs.

Most skeletal elements were recorded as present or absent, and if paired, separated by side; the cranium was considered a single unit. For ribs, vertebra
type, carpals, Metacarpals (MC), manual and pedal Phalanges (Phalman, Phalped), tarsals, and Metatarsals (MT), only the total number of bones collected
was recorded. Descriptive statistics were computed for the collective sample and for dispersed and non-dispersed subsamples. Inferential statistics were
also computed to assess variation in skeletal element recovery rates among the other variables of interest. Significant differences among categories
were noted if p values were less than .05.

The research sample included 152 cases. The cranium was most frequently recovered (96%, n=146); the hyoid least recovered (26%, n=39). In general,
skeletal elements from the torso, and the larger elements from the limbs, were recovered in higher frequencies (88, 63%); smaller skeletal elements
were recovered in lower frequencies (57, 26%). Chi-square tests showed that recovery rates were significantly different between non-dispersed (n=47)
and dispersed (n=105) cases for all elements except the cranium; therefore, other inferential results are reported only by subsample.

Unsurprisingly, recovery rates for non-dispersed cases were high (72—100% for 35/36 skeletal elements); only the hyoid had a relatively low recovery
rate (43%). Chi-square tests revealed no significant differences in recovery rates based on who collected the remains or environment. Student’s t-tests
indicated significant relationships between recovery rates and PMIe-min and PMIe-max for only 5/36 and 4/36 skeletal elements, respectively; in these
cases, an inverse relationship was noted between recovery rate and estimated PMI.

For the dispersed sample, recovery rates were lower than, but mirrored the pattern for, the complete sample. Chi-square tests showed significant
differences in recovery rates for 15/36 skeletal elements based on who collected the remains, and for 6/36 elements based on environment. For the
former, forensic anthropologists consistently recovered more elements than other medicolegal personnel; for the latter, wooded areas impeded recovery
rates more than other environments. Student’s t-tests indicated significant relationships between recovery rates and PMIe-min and PMIemax in 32/36 and
33/36 skeletal elements, respectively; an inverse relationship also was noted between recovery rates and estimated PMI for these elements.

In conclusion, results from this assessment of skeletal element recovery rates corroborate those found in previous studies and provide empirical
information that may help guide research into methodologies for bioprofile skeletal assessment. Moreover, these data suggest that environment,
estimated PMI, and who collects the remains primarily affect recovery rates in cases where remains are dispersed in wooded environments.

Reference:
I Scott S, Jantz RL. Survivability versus rate of recovery for skeletal elements in forensic anthropology. J Forensic Sci. 2022;67:1758-1765.
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A139 Small but Mighty: A Controlled Observation of Magpie Scavenging Among a Cohort of Human Remains in
the Rocky Mountain Region of Colorado

Christiane I. Baigent*, Sothern Illinois University Carbondale, Fairplay, CO

Learning Overview: After attending this presentation, attendees will understand the longitudinal composite of environmental, skeletal, and soft tissue
change catalyzed by scavenging magpies.

Impact Statement: This presentation will impact the forensic science community by describing a longitudinal, controlled observation of magpie
scavenging, facilitating distinguishment of magpie behavior from the forensically relevant corvid groups with which their behavior is typically grouped.

Black-billed magpies (Pica hudsonia) are recognized for their diverse and voracious feeding habits.! True omnivores, the magpie diet ranges from fruit
and grain to active hunting of small mammals and invertebrates. Carrion is a preferred food source, demonstrated by the adaptive behavior of tracking
human and non-human game hunters and exploiting their discarded carrion.!? Because many corvid species cooperatively scavenge, avian scavenging
has typically and necessarily been documented in sum, as cooperation precludes species-specific description of scavenging pattern, and behavior.>*
Longitudinal controlled study of environment-specific rate and pattern of human decomposition affords the appended opportunity for controlled study
of associated scavenger behavior. Toward that end, magpie scavenging among a group of human donors is reported, with an emphasis placed on
intraspecies continuity in behavior, and the temporal, anato-spatial, and archetypical presentation of magpie-mediated osseous and soft tissue change,
summarily yielding a higher resolution model of magpie scavenging as distinct from typically associated corvid groups.

The impact of magpie scavenging was investigated at Colorado Mesa University’s Forensic Investigation Research Station high-altitude satellite facility
(FIRS-TB40). FIRS-TB40 is 9,500 feet (2896m) above mean sea level, in the Rocky Mountain Region of Colorado. The local environment is
characterized by a complex composite of environmental and meteorological variables that summarily produce a harsh hypoxic environment
distinguished by long winters and persistent snow overburden. The structure of scavenger guilds and the behavior of individual species is largely
dictated by local environmental variables, among the most prominent of which is protracted overwintering resulting in limited mobility with
concomitant reduction in home range size, scarce and limited resources, and metabolism slowed by physiological stress and plasticity.

Magpie scavenging was observed within a cohort of 12 human donors opportunistically placed between March 2020 and October 2021. Field
observation persisted through November 2022. Human donors were placed unclothed, supine, on a 45° slope in 10'x10' steel cages and monitored by
game cameras programmed to collect both time lapse and motion-activated photographs. The presence of magpies was established through game
camera capture, feather shed, scat, and tracks.

Baigent et al. described the succession and progression of scavenger guilds among a porcine cohort placed at FIRS-TB40 in the summer of 2018.°
Cooperative and competitive behavior between avian groups was observed. While vultures and ravens scavenged cooperatively, magpies demonstrated
inter- and intragroup aggression. Subsequent construction of scavenger cages acted as a deterrent to vultures and ravens, precluding access to human
remains and affording magpie radiation into the role of apex scavenger. Temporal specificity was not observed in magpie scavenging, though voracity
increased in late fall and persisted throughout overwintering. Both primary pattern and mode of tissue removal were distinct, as were the passive
byproducts of their behavior. Primary patterns of magpie scavenging included: (1) boring; (2) muscle mining initiated via transdermal tissue plug
removal; (3) longitudinal tissue peeling; (4) ribboning of connective tissue; (5) trabecular mining; and (6) both focal (active trabecular mining) and
passive skeletal destruction. Additionally, a propensity for focal soft tissue scavenging was observed before progression to a novel intracorpus source
was undertaken. Passive byproducts of magpie scavenging included: (1) peripheral soil excavation; (2) beak raking and superficial talon stamping; (3)
pseudoburial; and (4) commingling and displacement of skeletal elements.

Due to their propensity for cooperative scavenging, the environmental, soft tissue, and osseous change catalyzed by “avian” scavenging has necessarily
been understood in sum. Site infrastructure facilitated the establishment of magpies as the apex scavenger at FIRS-TB40, affording the opportunity for
controlled observation of soft tissue and osseous scavenging, yielding a distinct pattern of categorical change.

References:

I Cornell Lab of Omithology, 2023. All About Birds. Cornell University. Available from: https://www.allaboutbirds.org/guide/Black-
billed Magpie, accessed 06/05/2023.
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A140 The Scavenging and Scattering of Remains: An Experiment to Inform Forensic Practice

Lara Indra*, University of Bern, Bern, Switzerland; Valentin Moser, Swiss Federal Institute for Forest, Snow and Landscape Research WSL;
Department of Aquatic Ecology, Eawag, Swiss Federal Institute of Aquatic Science and Technology, Zurich, Switzerland; Sandra Lésch, Department
of Anthropology, Institute of Forensic Medicine, University of Bern, Bern, Switzerland; Marco Milella, Department of Anthropology, Institute of
Forensic Medicine, University of Bern, Bern, Switzerland
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A141 The Fluvial Transport of Human Remains: Forensic Application of an HEC-RAS Model for Predicting
Search Parameters for Human Remains Recovered From the Sacramento River, California

Eric J. Bartelink*, California State University, Chico, Chico, CA; Colleen Milligan, California State University, Chico, Chico, CA; Steffen Mehl,
California State University Chico, Chico, CA; Erik Fintel, Geographical Information Center, California State University, Chico, Chico, CA

Learning Overview: After attending this presentation, attendees will understand how the relationship between river flow rates and the fluvial transport
of human remains can be used to model search parameters for river victims.

Impact Statement: This presentation will impact the forensic community by discussing the use of actualistic research and a hydraulic engineering
model to predict fluvial transport rates and search parameters for human bodies deposited in riverine systems. This research provides a tool for forensic
practitioners and law enforcement to locate human remains more rapidly in the Sacramento River.

When a deceased person is introduced into a dynamic fluvial system, their remains can be transported a substantial distance from their original point
of entry. Search efforts to locate bodies in fluvial systems often involve searches by divers near the point of entry, the use of side scan sonar and
underwater cameras, and boats. For search teams, identifying search parameters for deceased persons in bodies of water is especially challenging and
involves significant expenditures of time, money, equipment, and personnel.

To date, few studies have been conducted to model the movement of human bodies in riverine systems, such as the Sacramento River. The Sacramento
River is California’s largest fluvial system, with the highest flow rates in winter and the lowest in late fall. Every year, the river claims several victims
due to drownings and boating accidents, with a small number being suicides and homicide body dumps. Our historical study of cases (1972-2012)
found a moderate relationship between postmortem interval and transport distance among cases with known points of entry and exit (Pearson’s r=.583,
p<.001; r’=.34, n=66).

In addition to the case data, this study used two types of rescue mannequins to simulate “sinker” and “floater” body positions (between River Miles
199-80). For the sinker trials, data were collected manually on transport distance for submerged mannequins, and flow velocities and depth were
recorded using an acoustic doppler velocimeter. The substrate was also photo-documented and described in field notes. The data indicated minimal
transport distances for sinker mannequins, especially under low flow conditions and in shallower waters. The river substrate was also an important
factor. For sand/gravel substrates, velocities over 2.0ft/sec were sufficient to move the mannequin whereas cobble substrates required velocities over
2.7ft/sec. For the floater trials, mannequins were released under low (< 6,000cfs), medium (6,001-9,000cfs), and high (>9,000cfs) flow rates. To
maximize coverage, the study area was divided into 20 sub-reaches, with three independent trial runs conducted per location for each flow rate
condition. For many of the trials, mannequin Global Positioning System (GPS) tracking devices provided real-time data.

The hydraulic simulations used the Army Corps of Engineers Hydraulic Engineering Center River Analysis System (HEC-RAS), which was originally
designed for flood control management. The model was used to predict distance from the source given several parameters, such as flow rate conditions
and river channel properties, and was calibrated using the mannequin transport data. The model was used to develop SacRiverSearch, a web-based
application that can predict search areas for cases where entry location and approximate time of death are known parameters. The search box includes
a 95% prediction interval beginning with the float stage of a deceased person. Although developed specifically for the study area, this model can be
adapted to other rivers.

Research supported by NIJ Grant 2016-DN-BX-0159 “Fluvial Transport of Human Remains: Forensic Application of a HECRAS Model for Predicting
Search Parameters for Human Remains Recovered from the Sacramento River, CA.”
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A142 Standards for Analyzing Skeletal Trauma in Forensic Anthropology

Donna C. Boyd*, Radford University, Radford, VA; Julie M. Fleischman, Harris County Institute of Forensic Sciences, Houston, TX; Jade S. De La
Paz, University of Otago, Dunedin, Otago, New Zealand; Carolyn V. Isaac, Michigan State University, East Lansing, M1

Learning Overview: After attending this presentation, attendees will understand the importance of scientifically valid methods for skeletal trauma
analysis, why many do not meet Daubert guidelines, and the importance of conducting skeletal trauma analyses that meet current published standards.

Impact Statement: This presentation will impact the forensic science community by reviewing the scientific validity of skeletal trauma research. It
will discuss recommendations from the national Standard for Analyzing Skeletal Trauma in Forensic Anthropology, recently published by the American
Academy of Forensic Sciences’ Academy Standards Board (ASB).! Additionally, future research and initiatives in skeletal trauma analysis needed to
meet the needs of the medicolegal community will be identified.

Skeletal trauma analysis is an integral part of a forensic anthropologist’s requested examination of human remains in a medicolegal setting. However,
the scientific foundation for trauma analysis, including its underlying theoretical and methodological approaches and the empirical data which support
them, has undergone limited critical review. This has resulted in an absence of clarity and uniformity in method application, including an unknown
degree of error associated with skeletal trauma analysis methodology. It has also led to subjective and over-interpretation of trauma evidence. For these
reasons, skeletal trauma analyses often do not meet the Daubert guidelines for legal admissibility of scientific evidence, which can lead to uncertainties
about the probative value of skeletal trauma evidence.

This study summarizes an evaluation of over 250 anthropological publications focused on skeletal trauma for their scientific validity and merit. This
includes a systematic review of antemortem and acute/perimortem-focused skeletal trauma publications from the Journal of Forensic Sciences (1987
to 2023), FSI International (2010 to 2023), FSI Synergy (2019 to 2023), and Forensic Anthropology (2018 to 2023). Data collected from these
publications focused on the use of a scientific approach, including defined terminology, clear and repeatable methodology, known error of methods
used, and consideration of confounding variables affecting skeletal trauma presentation.

Results of this study indicate that, of the total (n=251) publications examined, the majority (70.5%) were classified as research articles, followed by
technical notes (14.7%), case reports (7.6%) and literature reviews or retrospectives (7.2%). Research articles and technical reviews were scrutinized
for their use of a scientific methodology; the following key deficiencies were identified: (1) misunderstanding, misuse, or absence of standardized
skeletal trauma terminology or definitions (24.7%); (2) unclear, subjective, or inadequate methodology for trauma morphology observations and
recording (32.3%); (3) unclear, subjective, or inadequate assessments of trauma mechanism (27.9%); (4) over-interpretation of skeletal trauma data
beyond the supporting empirical evidence (58.4%); and (5) non-existent or inadequate inclusion of the limitations of the skeletal trauma study, including
assessments of method error and validity as well as a consideration of the numerous intrinsic and extrinsic variables affecting skeletal injury and
subsequent trauma interpretation (69.5%).

Standard 147 provides recommendations for skeletal trauma methodology, based on objective (empirically based) measures of fracture data
observations, analyses, and interpretations. The use of macroscopic, microscopic (e.g., histology, light microscopy), imaging (e.g., CT, radiography)
and other modalities for accurate trauma identification and interpretation are also recommended. The importance of meticulous distinctions between
trauma description and interpretation is emphasized. Standardized trauma definitions are also provided.

In addition to these standard requirements, the authors recommend recognition and evaluation of error, bias, and limitations of methodological
approaches in future skeletal trauma analyses, based on empirical data (such as that derived from controlled experimental design) in order to mitigate
Daubert admissibility challenges. They also encourage the development of more formal training opportunities for forensic anthropology practitioners
in skeletal trauma methodology, analysis, and interpretation, including an understanding of the legal restrictions and constraints associated with trauma
interpretations. Finally, the importance of an interdisciplinary theoretical approach to understanding skeletal trauma, founded upon anthropological,
anatomical, and biomechanical principles and functional perspectives, is also discussed.

Reference:
- Standard 147. Standard for Analyzing Skeletal Trauma in Forensic Anthropology. American Academy of Forensic Anthropology. ANSI Academy
Standards Board (2023).
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A143 The Use of Outline Analyses to Assess Kerf Floor Shape Patterns in Saw Marks

Alexis L. VanBaarle*, Michigan State University, East Lansing, MI

Learning Overview: After attending this presentation, attendees will have a better understanding of the relationship between kerf floor shape and saw
class characteristics.

Impact Statement: This presentation will impact the forensic science community by providing an objective, quantitative analysis of kerf shape that
can be referenced in dismemberment casework and future research.

In cases of dismemberment, forensic anthropologists assess the bony cut surfaces (i.e., kerfs) to estimate information (i.e., saw class characteristics)
about the potential tool used, which can then aid in investigative and legal proceedings. One such variable, known as kerf floor shape, is defined as the
incomplete kerf wall and floor profile. Previous research indicates that saw class characteristics such as tooth shape, saw set, and saw power can be
deduced from the kerf floor shape. However, these studies are based on visual categorizations of kerf shapes, introducing subjectivity, and limiting
statistical assessments. This study aimed to use Elliptical Fourier Analysis (EFA) to assess the relationship between kerf shape and saw class
characteristics quantitatively and objectively.

The study sample consists of 133 incomplete kerf profiles made in 19 anatomically gifted, macerated human limbs using a diverse set of 19 saws.
Entrance and exit profiles of the incomplete cuts were captured with a stereomicroscope and cropped at a depth of 3mm to produce a closed outline.
The outline images were then imported into SHAPE ver.1.3 to perform an elliptical Fourier analysis to quantitatively represent the kerf shape, followed
by Principal Component Analysis (PCA). Eighteen PCs (99% of variation) were exported and analyzed using IBM® SPSS. Multivariate Analyses of
Variance (MANOVAs) were performed on all PCs to assess whether there was a significant difference between entrance and exit kerfs, and then to
assess the effects of saw set, power, and tooth shape on overall kerf shape. When significant, Analyses of Variance (ANOVAs) were used to investigate
which PCs were contributing to the differences and cross-validated stepwise Discriminant Function Analyses (DFA) were performed to evaluate
classification accuracy.

There was no significant difference between entrance and exit defects (p=0.31). Significant results (p<0.001) were obtained for all saw class
characteristics, indicating tooth shape, saw set, and power each affect kerf shape. PC 2, capturing “W-shaped,” flat, and rounded kerf floors, was
significant for all three characteristics. PC1, capturing relative kerf width, contributed to power and set, but not tooth shape differences. DFA produced
a model 88.0% accurate in assigning tooth shape. Rip saws tended to display relatively flat or stepped kerfs compared to crosscut saws that displayed
We-shaped kerfs. DFA classified saw power with 89.5% accuracy. Mechanical saws displayed on average relatively wider kerfs that lacked W-shaped
floors, while hand saws displayed narrower kerfs, with and without W-shaped floors. Classification of saw set, however, was relatively low, with only
59.4% correct overall.

The EFA results generally support anecdotal relationships presented in the literature and support the utility of kerf shape in forensic analyses. Results
indicate that kerf floor shape (i.e., squared vs. W-shaped) can reliably estimate saw tooth shape and power with at least 88% accuracy. Estimations of
saw set, however, are lower and this variable should not be estimated from kerf shape without further investigation. Kerf shape does not vary
significantly between entrance and exit profiles. Note that kerf width is indirectly included in analyses given the standardized kerf depth, and PC1
(representing relative kerf width) did contribute to differences in power, but not tooth shape predictions. Overall, these results provide statistical support
to kerf shape assessments and provide a foundation for future methodological approaches.
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A144 Deep Learning Models for Fracture Detection and Segmentation in Bone Histology

Carolyn V. Isaac*, Michigan State University, East Lansing, MI; Redwan Sony, Michigan State University, East Lansing, MI; Alexis L. VanBaarle,
Michigan State University, East Lansing, MI; Clara J. Devota, Michigan State University, East Lansing, MI; Arun Ross, Michigan State University,
East Lansing, M1

Learning Overview: This presentation will describe how deep neural networks can be used to automatically detect and segment fracture margins in
whole slide images of decalcified cranial bone samples. After attending this presentation, attendees will understand how Artificial Intelligence (AI) can
be applied to casework to enhance a practitioner’s workflow.

Impact Statement: This presentation will impact the forensic science community as it is the first application of Al based on deep neural networks to
histological fracture detection and segmentation, an integral first step in utilizing Al-enabled approaches for estimates of Post-Traumatic Survival Time
(PTST).

As Al becomes more established and prominent in diverse fields, researchers should look toward utilizing this technology to benefit their respective
fields. For example, digital pathology has implemented the Al subfield of deep learning to enhance diagnostic accuracy and efficiency, most notably in
the oncologic application of identifying and quantifying cancerous cells and lesions. As researchers strive to establish methods to reliably estimate the
PTST from fracture histomorphology, the capability of deep learning to detect patterns from a training dataset to interpret new data should be explored.
This project is the first step in employing such models for histological fracture aging by developing deep learning approaches for the detection and
segmentation of fracture margins in histological photomicrographs.

Several image analysis tasks are required in the analysis of a photomicrograph, including detection of the Region Of Interest (ROI), ROI segmentation,
and ROI classification. In the context of analyzing a fracture photomicrograph for PTST, detection entails identifying the area of fracture, segmentation
is demarcating that area, and classification is estimating the PTST. The study sample consisted of 120 photomicrographs of fractured cranial bone each
annotated with a bounding box to demarcate the general fractured area and a precise contour outlining the fracture margins. The photomicrographs
were divided into training (N=94) and testing (N=26) samples. Two approaches to automatic fracture detection and segmentation were developed and
tested: a Faster R-CNN model and a Segment Anything Model (SAM). The Faster R-CNN uses two submodules: Region Proposal Network (RPN) and
shared convolutional features. The RPN proposes the possible locations of the ROI with different aspect ratios to improve object localization, and the
shared convolutional features allow reuse of the same set of features for different bounding boxes to enhance and streamline object detection. SAM is
a versatile segmentation model pretrained on an extensive image dataset. Its architecture consists of three core components: the feature extractor,
responsible for capturing essential features from the input; the prompt encoder, which converts the input bounding box into a meaningful embedding
representation; and the mask decoder, which combines the extracted features of the object within the given bounding box to generate an output mask.

After training, the Faster R-CNN model was able to correctly detect the fracture bounding boxes with mean Average Precision (mAP) of 84.61% at
Intersection over Union (IoU) threshold of 40%. To generate the precise contour of the fracture, the predicted bounding boxes from the Faster R-CNN
model were used as input prompts in the generic SAM model to produce precise contours of the fracture defect. Initial qualitative observations of the
SAM predictions show promise, with precise localization of the fracture in 7 of the 26 samples. As SAM has not been fine-tuned specifically for fracture
photomicrographs, there is potential for substantial improvement with domain-specific training.

These results highlight the challenges of histological fracture PTST research broadly. The limited sample size makes it difficult to divide the sample
for training and testing while maintaining an adequate training sample that represents the variety of fracture morphologies. Moreover, variations in
bone samples due to the size, shape, composition, age of the individual, type of injury, and histological stain further make the task challenging.

As fracture detection and segmentation are the foundation of PTST estimates, future work will focus on refining deep learning models to improve
accuracy, fine-tuning SAM for fracture photomicrographs, and data augmentation to provide a more robust training sample. This will allow for the
second phase of study to commence: the development of the PTST estimation algorithm.

Post-Traumatic Survival Time (PTST); Fracture Histomorphology; Machine Learning
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A145 Unexpected Antemortem and Perimortem Rib Fractures in Infants Without Other Significant Injuries

Erin Chapman®, Erie County Medical Examiner’s Office, Buffalo, NY; Katherine Maloney, Erie County Medical Examiner’s Office, Buffalo, NY; Tara
Mahar, Erie County Medical Examiner’s Office, Buffalo, NY

Learning Overview: The goal of this presentation is to describe five cases of infant death in unsafe sleep environments in which unexpected rib cage
trauma was identified during postmortem examination.

Impact Statement: This presentation will impact the forensic science community by highlighting cases of unexpected trauma in infants and the need
for gross and microscopic examination of osseous tissues, especially in the rib cage.

Studies have shown that the gross examination of osseous structures provides a better understanding of the timing and mechanism of injury, especially
in juveniles.! Five cases of infant death were examined in which an anthropological analysis of the rib cage revealed numerous antemortem and
perimortem rib fractures. Cases were selected based on the presence of healing and acute fractures in the absence of evidence of abuse or other
significant traumatic injury to the deceased. In all five cases, unsafe sleep environments were confirmed. In all cases, there was no documented history
of abuse or Child Protective Services reports. The infants ranged in age from 1 to 4 months old.

A total of 46 antemortem and 93 perimortem fractures were noted in the five infants. Antemortem fractures were predominately concentrated in the
posterior rib cage. In all five cases, untrained and/or trained individuals administered manual Cardiopulmonary Resuscitation (CPR).

Although the current study includes antemortem and perimortem fractures, the authors were most interested in the potential cause(s) of the healing
injuries. Studies have shown that anterior-posterior compression of the rib cage is necessary to create fractures in the posterior neck of the infant rib.?
The mechanism of these injuries are consistent with the posterior migration of the rib shaft, which creates a Type II lever between the transverse process
of the vertebra and the articulation with the vertebral body and rib head. The posterior migration of the rib shaft creates tensile force that acts upon the
rib neck, causing initial failure on the visceral surface of the neck.? In other words, normal or appropriate manual CPR performed on an infant should
not create posterior rib fractures. However, Love et al. have shown that unintentional anterior-posterior compression of the rib cage occurs in some
cases during manual CPR administration in infants.?

In all cases, the administration of CPR does not account for antemortem healing fractures in the infant rib cage. The antemortem posterior fractures
appeared to be consistent with anterior-posterior compression of the rib cage with initial failure in tension on the ventral neck or head of the rib at the
terminus.>* Posterior rib fractures of the neck have a high specificity for abuse; however, similar patterns may occur in accidental situations if the
essential components exist.’

The cause of these antemortem injuries remains unknown. However, the cause was likely accidental in nature, given the information gathered during
the investigation and postmortem examinations. The authors suspect that bed sharing and prior non-fatal rollovers on a soft surface may account for at
least some of these healing injuries. The question remains whether or not the necessary posterior migration of the rib shaft happens when anterior
compression of the rib cage occurs when the child is supine (in a rollover scenario) due to the soft surface beneath them.
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A146 Whole Body Fracture Patterns From Blunt Force Trauma Vary Within Similar Experimental Loading
Events

Amanda M. Agnew*, The Ohio State University, Columbus, OH; Angela L. Harden, Injury Biomechanics Research Center, The Ohio State University,
Grove City, OH; John H. Bolte IV, The Ohio State University, Columbus, OH, Yun-Seok Kang, The Ohio State University, Columbus, OH

Learning Overview: After attending this presentation, attendees will have an appreciation for interdisciplinary research in skeletal trauma analysis by
learning how experimentally driven biomechanical validation of injury mechanisms can strengthen interpretations of observed trauma in forensic
casework. Additionally, the importance of utilizing experimental data to explain differences in injury patterns will be emphasized.

Impact Statement: This presentation will impact the forensic community by demonstrating the need for caution in over-interpreting injury patterns.
Further interdisciplinary analyses of skeletal trauma in experimental human specimens are needed to better understand fracture mechanisms and specific
causes for differential injuries.

A 31% increase in deaths between 2010 and 2019 was identified for older occupants in car crashes in the United States.! In near-side impacts,
specifically, small, elderly female occupants were identified as the most at-risk population for fatality from thoracic injury.?

Ten Postmortem Human Subjects (PMHS) were included in this study. All PMHS were elderly females over 60 years old (61-94 years), approximately
5% percentile in height (147-167cm) and weight (40-56kg), with osteopenic lumbar spine areal bone mineral Density (aBMD) in order to target a
potentially frail demographic. Near-side impact sled tests were conducted that mimicked real-world motor vehicle crash boundary conditions. Boundary
conditions for the series included an intruding driver’s side door that was controlled using the Advanced Side Impact System (ASIS) on a HYGE™
sled. The sled acceleration matched the acceleration profile of the impacted vehicle with a delta-V of 50kph, while four pneumatic cylinders of the
ASIS, covered by a door liner, produced realistic door intrusion. Each subject was seated on a mass-production driver seat, equipped with a side airbag
and standard three-point restraint with a pretensioner. Subject seating and positioning were tightly controlled in a realistic driving posture to ensure
highly repeatable tests.

Nine PMHS experienced rib fractures, particularly on the impact side, but the locations varied with most fractures occurring anteriorly, and some
posteriorly. The upper ribs were most affected, and six PMHS had rib fractures on the non-impacted side. Injury severities ranged from none to severe
according to the Abbreviated Injury Scale (AIS), and number of rib fractures per PMHS ranged from 0-20 rib fractures. Three PMHS had sternum
fractures, five had upper extremity fractures, and seven had lower extremity fractures. One PMHS experienced no injuries at all.

The same loading conditions experienced by all ten PMHS resulted in extreme variability in fracture location and severity. This demonstrates that a
great number of fractures throughout the body is not necessarily associated with a different or more severe traumatic event when interpreting fracture
mechanisms. Common assumptions regarding loading direction, speed, or severity based on overall fracture patterns may not be reliable in trauma
interpretations of blunt force trauma.

References:

- NHTSA - National Highway Traffic Safety Administration. Older population: 2019 data, Traffic Safety Facts. 2021. Available at:
https://crashstats.nhtsa.dot.gov/Api/Public/Publication/813121. Accessed June 22, 2022.
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A147 Structural Violence in Orleans Parish, Louisiana: Implications for Forensic Anthropological Casework

Krista E. Bennett®, Louisiana State University, Zachary, LA; Sophia I. Reck, Louisiana State University, Baton Rouge, LA; Ginesse A. Listi, Louisiana
State University, Baton Rouge, LA; Teresa V. Wilson, Louisiana State University, Baton Rouge, LA; Emily F. Michon, Louisiana State University,
Baton Rouge, LA

Learning Overview: After attending this presentation, attendees will have a better understanding of assessing forensic anthropological casework
through the lens of structural violence in Orleans Parish, LA.

Impact Statement: This presentation will impact the forensic community by providing an examination of contemporary forensic anthropological case
work for evidence of structural violence and how that may assist with the identification of unidentified remains.

In biological anthropology, structural violence refers to how the body, often the skeleton, is affected by systemic imbalances in access to health care,
socioeconomic resources, and death care among different populations.!? Osteological evidence often consists of skeletal pathology, antemortem
injuries, and perimortem trauma. Since systemically engendered suffering in everyday life (i.e., structural violence) has accumulative effects on the
body, anthropologists also consider injury recidivism, or the aggregate of traumatic lesions accumulated by an individual, in research that addresses
structural violence.>*

The current study explores the concept of structural violence in contemporary populations living in Orleans Parish (OP) using data culled from the
forensic anthropology case files of the Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES)
Laboratory. Information on skeletal injury recidivism (considering both antemortem injuries and perimortem trauma) and recovery location were used
to assess OP cases to identify patterns of structural violence that potentially could assist with generating leads for cases of unidentified human remains.

Case files from OP in which the decedent was identified, spanning 1991 to 2021, were selected for assessment (n=41). The sample consisted of 32 full
anthropological analyses and nine trauma-only analyses. The sample included 31 males and 10 females; ages ranged from 18 to 89 years, with one
individual of unknown age. Additionally, 26 individuals identified as Black, 10 as White, 2 as multiracial, 2 as Asian, and 1 as Hispanic. Assessment
of case files involved examining reports for: (1) the number of antemortem skeletal injuries, (2) the presence of perimortem trauma, and (3) the type of
perimortem trauma. Additionally, data from the United States Census Bureau (demographics and income) were collected for comparison with case file
data to identify patterns regarding demographic and socioeconomic variables.

Skeletal evidence of one or more Antemortem Injuries (AMI) was observed in 66% (n=27) of the cases. Only three individuals had a single element
with a healed injury. The remaining 24 individuals had two or more AMI involving multiple elements and various stages of healing. Additionally, 46%
(n=19) exhibited Perimortem Trauma (PMT). High-velocity trauma and blunt force trauma had the highest rate of incidence at 31.6% each, versus
sharp force and thermal trauma at 5.3% each. Of the 19 with PMT, 63% (n=12) also experienced AMI. The assessment of OP cases revealed a high
percentage of individuals who experienced AMI and PMT that are consistent with injury recidivism.

Presence of AMI and/or PMT was also compared to sex (M:F), age, social race, Per Capita Income (PCI), and location of recovery. Of the 27 with
AMI, 63% identified as Black (16M:1F), 26% White (SM:2F), the remaining 11% included Asian (1M), Hispanic (1M), and multiracial (1M) social
races. When examining PMT (n=19), 68% identified as Black (10M:3F), 26% as White (2M:3F), and 5% as Hispanic (1M). From the 12 with AMI
and PMT, 7 identified as Black males (68%), 2 each as White males and females (34%), and 1 as Hispanic male (8%). Regarding recovery location,
two cases were found in areas with PCI > $40,000, and 35 cases from neighborhoods with PCI < $40,000; the recovery location for four cases was
unknown.

Young to middle-aged males found in lower-income neighborhoods represented the largest group experiencing injury recidivism in this study. The
assessment identified structural violence involving persons from historically marginalized communities, specifically Black males. The expansion of
anthropological assessments to include data that can be socially and culturally contextualized as structural violence enables forensic anthropologists to
provide information that will generate leads for unidentified remains and, thus, better serve medicolegal agencies, policymakers, and communities.

References:
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A148 Skeletal Trauma in Suicide Cases (2017-2018) in Puerto Rico After Hurricane Maria

Gabriela 1. Rios Santiago*, University of Coimbra, Carolina, PR; Maria Teresa Ferreira, University of Coimbra, Coimbra, Portugal; Sofia N.
Wasterlain, University of Coimbra, Coimbra, Portugal

Learning Overview: After attending this presentation, attendees will understand the importance of analyzing skeletal trauma-related deaths in suicide
cases after a severe hurricane.

Impact Statement: The presentation will impact the forensic community by presenting skeletal trauma assessment in suicides after natural disasters.

Natural disasters (e.g., hurricanes) may increase suicide deaths.! In 2017, the category 5 Hurricane Maria caused massive destruction in Puerto Rico.
The loss of basic living conditions (electricity, water, among others) led to an elevated suicidal ideation risk.>* Within five months, the suicide rate
increased 29% compared to previous years.® In forensic investigations, suicidal cases present unique challenges for skeletal trauma examination,
depending on the mechanism of death. The three most prevalent methods of suicide after Hurricane Maria were hanging, gunshot wounds, and falls
from heights.

In this study, the autopsy records from the medical examiner’s office at the Institute of Forensic Sciences of Puerto Rico, namely 100 suicide cases that
occurred between the years of 2017 and 2018, were analyzed. For that purpose, the cross-platform relational database FileMakerPro® version 14 was
used. The inclusion criteria were individuals over 18 years of age, victims of suicide through hanging, gunshot wounds, and falls from heights. Skeletal
trauma was recorded according to location in the skeleton.

The analyzed sample was composed mostly of males (89%). The average age of the analyzed individuals was 56 years (+/-16). Regarding the method
of suicide, 44 were hangings (males: 41; females: 3), 34 were gunshot wounds (males: 33; females: 1), and 22 were falls from heights (males: 15;
females: 7). All individuals who died from falls and from gunshot wounds presented skeletal trauma. In opposition, only 20.5% of the individuals
whose mechanism of death was hanging presented skeletal trauma.

Falls from heights affected only the axial skeleton in 14% of the individuals and only the cranial skeleton in 4.5% of the individuals. The appendicular
skeleton was never affected alone in this mechanism of death. Much more common was the combination of trauma in different parts of the skeleton
(cranial and axial and appendicular: 27%; cranial and appendicular: 4.5%; axial and appendicular: 50%). Interestingly, the combination of trauma
lesions in both cranial and axial skeleton was never observed in falls from heights. In deaths by gunshot wounds, 31 individuals (91.2%) presented
cranial fractures, and 3 (8.8%) had fractures in the axial skeleton. Finally, in hangings, 77.8% of the individuals presenting skeletal trauma showed
fractures in the thyroid cartilage, 33.3% in the hyoid, and 11.1% in the cervical vertebrae.

The results presented here, although preliminary, show the patterns of skeletal trauma more commonly observed in different methods of suicide and
are in accordance with the described in forensic literature.* In a near future, the aim is to provide a baseline for the forensic sciences community to
better understand the interrelationship between trauma-related deaths and their circumstances.
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A149 An Analysis and Reconstruction of Remains from a World War I1 Mass Grave in the Szpegawski Forest,
Poland

Joanna Wysocka®, Polish Academy of Sciences, Wroclaw, Dolnoslaskie, Poland; Dawid Kobiatka, University of £odz, £6dz, Lodzkie, Poland

Learning Overview: This presentation examines human remains from a World War II mass grave located in Szpggawski Forest in southeast Poland.
After attending this presentation, attendees will understand the importance of conducting research on war crimes by highlighting the social impact on
the public and the relatives of the war victims. Furthermore, the methodology used when working with cremains and case studies will be presented.

Impact Statement: This presentation will impact the forensic science community by highlighting the importance of humanitarian efforts in forensic
archaeology, specifically in contexts surrounding war crimes.

The well-planned mass murder of Polish citizens by Nazi Germans was happening all around Poland during World War II in the autumn of 1939.
Pomeranian voivodeship, where the Szpegawski Forest is located, is one of the most affected areas. Educated, disabled, and mentally ill individuals
were targeted and exterminated under the pretext of achieving the Nazis’ vision of an ideal population, as prescribed by the Fiihrer. No man, woman,
or child was treated with condescension. Targeted educated people (e.g., teachers, politicians, policemen, and priests) were killed by gunshot to the
head in the forest just prior to being buried. Additionally, disabled and mentally ill individuals who were perceived as “life not-worth-living” were
often killed in hospitals by lethal injection, and their bodies were carried out to be buried with other victims. In 1944, when the war seemed to be lost
for Nazi Germany, the exhumation and burning of those bodies were ordered to cover up the evidence of the war crimes.!

In the Szpegawski Forest, there are approximately 5,000 people buried in multiple mass graves. They were marked as a single grave until after the war
ended. In the summer of 2023, a team of forensic archaeologists and anthropologists excavated suspected regions in the forest to confirm the presence
of the remains. Mass grave numbers 19 and 31 were excavated. Mass grave 31 was fully excavated and 19 was divided into four parts, of which only
two were excavated.

The analysis of the human remains included assessment of fragmentation, taphonomic changes, degree of burning, sex, age at death, and pathological
changes. One aim of the analysis was to estimate the Minimum Number of Individuals (MNI) buried.

Mass grave 31 was found empty and classified as a symbolic grave. Mass grave 19 had multiple layers of cremains and unburned human remains on
the bottom of the grave pit. The postmortem changes of these remains (including bone warping, thumbnail fracture, and “sandwich effect”) suggest
that the bodies were partially covered with soft tissue during the exhumation in 1944, and then burned and reburied. The color of the remains indicated
a low temperature of burning (around 200-550°C). The MNI was estimated to be 87 individuals, including six non-adults. Male features were observed
more frequently, suggesting a predominance of men among the victims. Two individuals whose remains were not precisely exhumated and were not
burned had evidence of gunshot wounds to the cranium, one reflected by a keyhole fracture. Reconstruction of one cranium was possible, and the
trajectory of the projectile bullet was estimated.

The ongoing archaeological investigations and analyses conducted at the Szpggawski Forest serve as a crucial endeavor to honor the memory of the
victims and shed light on the atrocities perpetrated during this chapter of history, thereby facilitating the acknowledgment and understanding of the
tragic events that transpired during the Second World War in Poland.

Reference:
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A150 The Latin American Association of Forensic Anthropology (ALAF): 20 Years of Development

Luis Fondebrider*, Madrid, Spain

Learning Overview: After attending this presentation, attendees will be aware of the developments that forensic anthropology has developed in various
Latin American countries, its applications, and its challenges.

Impact Statement: The impact of this presentation will be reflected in the different processes that forensic anthropology has followed in the United
States and in the development of the three branches of anthropology in Latin America, with a broader and more comprehensive perspective.

In 2003, the ALAF was created with a meeting of the main forensic anthropologists in Latin America and three independent teams (Argentine Forensic
Anthropology Team, Forensic Anthropology Foundation of Guatemala, and Peruvian Team of Forensic Anthropology).

The ALAF brings together professionals from Latin America who work in the field of forensic anthropology and other forensic disciplines. ALAF
currently brings together professionals from more than 20 countries and is the largest group of forensic anthropologists in Latin America.

The objectives of the ALAF are to establish professional and ethical criteria for the exercise and promotion of the use of Forensic Anthropology and
Archeology in judicial investigations in the different countries of Latin America, as well as the creation of an independent directory that guarantees
technical autonomy of forensic anthropological investigations and the development of studies and the quality of practice.

The initial objective in 2003 was to develop a model for the application of forensic anthropology following the specific needs of the region (violence
of all kinds), with a perspective that contemplated the needs of victims of human rights violations. In 2012, a Forensic Anthropologist Certification
process was created that has been on-going for ten years and has become a successful process in the world. In 2023, a similar certification process will
be carried out for forensic archaeologists. To this day, ALAF holds a congress each year in a different Latin American country for five days and has
about 120 members.

During this presentation, the different contexts of violence (political conflict, migrants, femicide, organized crime) to which forensic anthropology is
applied today in Latin America and its growing role in the medicolegal systems of the continent will be discussed. Also, the achievements and challenges
of these 20 years of work will be discussed, as well as the relationship with colleagues in the United States.1,2

References:
I ALAF, 1 Guia Latinoamericana de Buenas Prdcticas en Antropologia Forense (ALAF)., 2014.
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A151 Missing Persons in Argentina: The Age Progression Technique to Support Non-Profit Organizations in the
Search for the Lost

Laura Donato*, Parma, Emilia-Romagna, Italy;, Luigi Tonino Marsella, University of Tor Vergata, Rome, Lazio, Italy; Rossana Cecchi, Parma,
Emilia-Romagna, Italy; Marcela Lerda, Lic. Relaciones industriales/ Voluntaria, Missing Children Argentina, Los Polvorines, Buenos Aires,
Argentina,; Michele Treglia, University of Tor Vergata, Rome, Lazio, Italy

Learning Overview: This presentation will show how the age progression technique can be applied to the search for missing persons. After attending
this presentation, attendees will understand the importance of involving age progression in the search for the long-lost in order to be able to disseminate
updated mugshots according to the current age of the missing.

Impact Statement: This presentation will impact the scientific community by showing how age progression has been applied to the search for missing
persons in Argentina. The example case examined will show how, thanks to the international collaboration of non-profit organizations, the process of
age progression for the search for the missing is activated and implemented.

In every country in the world, the phenomenon of missing persons is present and focuses the attention of the authorities who have actions to monitor
and contain the problem.

Argentina is one of the countries which, despite the difficulties associated with the political turmoil, has undertaken initiatives aimed at countering the
increase in the number of missing persons. Among these, the Person Search Coordinated Action against Trafficking in Persons (ACCT) in 2013, the
Nacional de Informacion de Informacion de Personas Menores Extraviadas, and Alerta Sofia monitor the number of missing persons in Argentina.

Some organizations have taken action to help spread the photos of the missing person in the area. Among these, the Missing Children Argentina (MCA)
is a non-profit organization that supports the families of the disappeared. To increase the chances of finding those missing for many years, MCA makes
use of the support of age progression, provided by the non-profit organization Italian Missing Children (IMC). MCA and IMC have activated their
collaboration since 2020, processing eight cases of digital aging.

The case of a missing girl and her age progression is reported to document the collaborative work between these two organizations. Age progression
technique is based on scientific standards of facial aging, developed for medical reasons, especially in cosmetic surgery and orthodontics. To obtain as
accurate a result as possible, the IMC made use of photographic material of the relatives of the lost. Photos of parents and siblings were used to identify
similar somatic traits and to study their evolution during growth. By using Adobe® Photoshop® graphic software, specific facial morphological features
were searched for in the high-resolution reference photos and assembled until a new mugshot of the missing person was obtained as a result.

The photo of the missing individual’s face, processed through digital aging, is inserted into a poster with information on the case and diffused by
television and social media. The poster indicates the time and place of the disappearance, personal data of the missing person, contacts in case of
sighting, photos closest to the moment of disappearance, and those obtained with age progression techniques.

It is important to also provide information to the population on the possibility of requesting the age progression of a person who has been missing for
a long time, thus supporting research activities.

Missing Persons; Forensic Anthropology; Age Progression
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A152 The Role of Forensic Anthropology in Long-Term Missing Persons Cases in Scotland

Catriona M. Davies*, Centre for Anatomy & Human Identification, Dundee, Scotland; Lucina Hackman, University of Dundee, Dundee, Scotland;
Helen Langstaff, University of Dundee, Dundee, Scotland; Diana Swales, University of Dundee, Dundee, Scotland

Learning Overview: After attending this presentation, attendees will have insight into the application and role of forensic anthropology in Long-Term
Missing Persons (LTMP), “cold cases,” voluntary disappeared, and no body homicide cases as they relate to Scotland. Through examination of past
cases, this presentation will discuss the benefits and limitations of anthropological involvement in such contexts and what lessons may be learned that
can be applied to other body recovery and identification challenges, particularly in relation to vulnerable persons.

Impact Statement: LTMP cases, often termed “cold cases” by the general public, the media, and society at large, impact not only the immediate family
and friends of the missing individual, but have the potential to affect whole communities for decades. In Scotland, forensic anthropologists are routinely
involved in such cases from an early stage, either through planning, assisting in a ground search where bone fragments have been identified, or in the
recovery and examination of human remains. This presentation will impact the forensic science community by sharing the experience of the forensic
anthropology practitioners in Scotland in relation to these cases, enhancing the awareness of the benefits of the early involvement of anthropologists
in such investigations.

Vulnerable persons, including the elderly, those with medical conditions such as dementia, poor mental health, or those who live at the fringe of society
are more likely to be the subject of LTMP cases than other groups, and are also more likely to go missing without being reported to the police.! The
expansive and rural nature of the majority of Scotland makes the task of investigating, and searching forLTMPs and those who have voluntarily
disappeared particularly challenging, with discoveries of human remains often being the result of rural land-management activities or chance discoveries
by outdoor enthusiasts. This presents challenges for the recovery of human remains, including effects of taphonomy, scavenging, and the lack of safe
and easy access to the remains.

In recent years, forensic anthropologists based at the University of Dundee, Scotland, have been involved in various stages of investigations relating to
individuals who have voluntarily disappeared and LTMPs, including those believed to be the victims of homicide. The early involvement of forensic
anthropologists in such investigations has provided the opportunity for relevant information and advice to be provided during the planning of search
activities and for appropriate attendance in the search, recovery, and postmortem examination of any recovered human remains. This presentation will,
through the presentation of past cases, provide insight into the benefits of early involvement of forensic anthropologists in the search planning for
LTMPs. Further case studies will illustrate the positive impact that the attendance of a forensic anthropologist during the subsequent search and recovery
activities, including where fragmented and non-human remains are located; and finally, the benefit that the involvement of the forensic anthropologist
in the postmortem examination of the remains can have on the success of the investigation. The particular context of voluntary disappearance and
vulnerable persons will be considered in light of the specific challenges presented by these cases.

Reference:
I Metropolitan Police Service (2023) Vulnerable people at risk of going missing. Available at: www.met.police.uk/advice/advice-and-
information/missing-people. Last accessed 31/07/2023.
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A153 FORDISC® and AncesTrees: Limitations and Considerations for the Identification of Individuals From
Central and South America

Hannah G. Messersmith*, University of Dundee, Kenosha, WI; Julieta Gomez Garcia-Donas, University of Dundee, Dundee, Scotland

Learning Overview: The goal of this presentation is to present new data on population structure and population history from individuals from Central
and South America through the interpretation of population-affinity estimations obtained by two online applications (FORDISC® and AncesTrees).

Impact Statement: This presentation will impact the forensic science community by providing forensic practitioners with a theoretical and practical
background for the application of two popular online softwares, FORDISC® and AncesTrees, targeting issues for population-affinity estimations on
human remains from Central and South American.

Extreme conditions leading to rapid skeletonization in some areas of the United States-Mexico border can make identification difficult.! From the
demographics gathered for biological profile estimation, biogeographical origin can impact the choice of subsequent methods for sex or age-at-death
assessment.> AncesTrees and FORDISC® are two computerized statistically based methods for estimating population affinity.>* To determine the
reliability of group allocation using these applications, different target samples should be tested. The aim of this study is to explore the reliability of
these applications in estimating the origin of individuals from Central and South America, comprising population groups that likely form the migratory
flow prevalent across the United States-Mexico border.

A total of 50 adult individuals (25 males and 25 females) identified as Mexican, Mexican American, Hispanic, New Mexican, or Latino were selected
from the New Mexico Decedent Image Database.’ Seventeen cranial measurements were collected from Computed Tomography (CT) scans. Compiled
measurements followed protocols outlined by AncesTrees and FORDISC®. Parameter values were inserted into the online platforms, with the settings
for the application determined as non-prior background information. For FORDISC®, both the Howells’ and the Forensic Anthropology Data Bank
(FDB) datasets were tested to explore any potential differences related to the chronology of the reference samples, as well as allowing for a comparison
between AncesTrees and FORDISC® historical samples. All allocations are reported in the results, with Posterior Probability (PP) and Group
Membership (GM) with values >0.80 being considered for further interpretation of the group allocation.

Results show that AncesTrees allocated individuals as European (48%) and East Asian (32%), with the remaining biogeographical population sample
allocations representing less than 10%. For the FORDISC® FDB, 26% of the sample was estimated as White and 24% of the sample was allocated as
Hispanic, with the third-highest number of individuals being associated to Japanese (16%), Guatemalan (12%) and Chinese (12%) samples. Regarding
the FORDISC® historical dataset, 24% of the individuals were classified as European with the next highest allocation being for East Asian samples
(40%). Very few individuals obtained a PP higher than the threshold for FORDISC® estimations while GM for AncesTrees was over 0.80 for around
62% of the sample

An accurate reconstruction of the biological profile is crucial for positive identification. Most of the population allocations obtained here using two
commonly used online platforms present trends that suggest individuals from Central and South American origin would fall within Hispanic and
European populations as well as East Asian samples. This research provides insights on population structure and population histories, as the patterns
observed may be linked to social and political history.®’ Future research, including larger and more diverse samples, will confirm our results and
provide further information on human variation and inter-population differences. A consensus on the terminology as well as a revision of the information
used for grouping the samples is recommended to ensure consistency between forensic practitioners and researchers. Moreover, larger and more
representative datasets are needed to increase the accuracy and reliability of identification of unknown individuals in a forensic context, especially for
areas with high migration flows such as the United States-Mexico border.
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A154 The Forensic Border Coalition South Texas Cemetery Survey: Insights From a Forensic Science and
Humanitarian Effort Addressing Unidentified Burials and Unidentified Remains

Kate Spradley*, Forensic Anthropology Center at Texas State University, San Marcos, TX; Christine M. Kovic, University of Houston Clear Lake,
Houston, TX; Robin C. Reineke, University of Arizona, Tucson, AZ; Molly A. Kaplan, Texas State University, San Marcos, TX; Molly Miranker, Texas
State University San Marcos, Austin, TX; Mercedes Doretti, Argentine Forensic Anthropology Team, Brooklyn, NY; Rachel Daniell, Pratt School of
Information, Pratt Institute, New York, NY

Learning Overview: This presentation reviews the Forensic Border Coalition’s (FBC) South Texas Cemetery Survey, 2015-2017. After attending this
presentation, attendees will understand the challenges to finding, accounting, and conducting forensic and humanitarian interventions in Texas and the
implications to missing and deceased migrant accounting in other fatal international border zones.

Impact Statement: This presentation will impact the forensic science community by informing attendees that the FBC conducted this South Texas
Cemetery Survey in the Texas Rio Grande Valley region of the Central America-Mexico-United States migration corridor, assessing available death
documentation of unidentified remains likely corresponding to migrants. The FBC consulted local cemetery and funeral home information and
conducted physical surveys of multiple burial sites.

Through a review of the present research, its purpose, and its conclusions, the FBC shares: (1) a brief examination of the increase in deaths of persons
in migration at the United States southwestern border, focusing on increased deaths in Texas; (2) background on the formation of the FBC in response
to addressing missing migrants and migrant deaths; (3) the FBC’s Texas Cemetery Survey Project development, methods, and outcomes; and (4)
recommendations for actionable changes based on the experiences of this project.

Field Work Summary: Between July 22, 2015, through April 1, 2017, the FBC conducted site visits, cemetery surveys, and gathered public records
(i.e., financial, death certificates, records of death, indigent burial records, NamUs Unidentified Person records, field surveys of cemeteries with
unidentified burials likely to correspond to migrants, etc.) to examine challenges related to unidentified remains in Texas. Then, the FBC mapped 133
unidentified remains of probable migrants from seven South Texas counties (64 Hidalgo, 43 Cameron, 12 Starr, 14 Kenedy, 0 Willacy, 0 Jim Hogg;
due to an existing collaborative relationship with the Brooks County Sheriff’s Office and Operation Identification, the FBC did not survey cemeteries
in Brooks County). This number is a conservative estimate because many migrants are never recovered. This is also a conservative estimate because
of the limited and inconsistent documentation of where and how many unidentified burials exist in those counties.

The FBC’s key findings point to severely lacking practices. There is a lack of data on migrant deaths, a lack of recordkeeping, and a lack of coordination
of records among participating agencies. In some counties, the FBC found that if DNA had been collected on unidentified remains, it had not been
entered into national databases, making it impossible to identify remains, even if relevant family reference samples exist and have been entered into
these databases. In other cases, DNA samples were not collected before the remains were buried. The degree of fragmentation and failure to effectively
manage the forensic cases of unidentified human remains in Texas need to be the core targets efforts for change.

The FBC initially planned that the seven counties would comprise only Phase I of several surveys. The findings, however, caused the FBC to pivot its
efforts in Texas to address immediate needs indicated by the Survey (e.g., exhumations) and to adapt other southwestern border-wide activities to more
effectively address the challenges related to migrant death. In the concluding discussion, the FBC shares five critical recommendations for supporting
the processes around finding and investigating unidentified human remains of probable migrants that directly affect Texas counties and are relevant to
the whole southwestern border and are informative to other fatal migration corridors such as the Mediterranean.
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A155 Shifting Routes: Expanding Migrant Decedent Identification Efforts in Texas

Molly A. Kaplan*, Texas State University, San Marcos, TX; Courtney C. Siegert, Texas State University, Austin, TX; Ivanna Robledo, Texas State
University, San Marcos, TX; Kate Spradley, Forensic Anthropology Center at Texas State University, San Marcos, TX; Chloe P. McDaneld, Operation
Identification, San Marcos, TX

Learning Overview: After attending this presentation, attendees will better understand major shifts in migrant death investigation practices in Texas
over the past ten years.

Impact Statement: This presentation impacts the forensic science community by exposing practitioners to the challenges, advancements, and changes
in migrant decedent identification in Texas, which has implications for all jurisdictions handling transnational unidentified persons cases.

Migrant death along the United States-Mexico border persists at disastrous rates while many Texas border jurisdictions remain unable to access
medicolegal services or feasibly manage decedent identification. In 2012, in response to an influx of migrant death in South Texas, Operation
Identification (OpID) was founded as a humanitarian initiative of the Forensic Anthropology Center at Texas State (FACTS) to assist border counties
with recovering, identifying, and repatriating migrant decedents. Specifically, OpID began as a project to assist with exhumations, forensic anthropology
analysis, and DNA submission for the long-term unidentified buried in cemeteries throughout the Rio Grande Valley. As a member of the Forensic
Border Coalition (FBC), OpID participated in the three-year South Texas Cemetery Survey to document the burial locations of migrant decedents and
generate counts of unidentified human remains in the region. As a result of this survey, OpID and partners exhumed 230 long-term unidentified
decedents from four counties between the years of 2013—2021, of which 31 have been identified.

However, shifting migration routes and increased death in under-resourced West Texas regions have created a new state of emergency necessitating
additional responses. Throughout the past two years, OpID has adapted to include case management of more recently recovered individuals from
counties that have little or no previous experience overseeing cases of unidentified migrants. Of the 225 cases OpID has received from direct agency
transfers, 40 have come from 11 border counties not originally included in the South Texas Cemetery Survey. Additionally, at the request of county
officials, throughout the fall and spring of 2023, OpID has focused efforts on exhuming and identifying 26 individuals who perished in Eagle Pass,
Maverick County, in the summer of 2022. As a new epicenter of migrant death, Maverick County experienced an average of one death per day this past
summer and began burying decedents without investigative efforts due to lacking storage—a situation mirroring Brooks County in 2012 that requires
urgent intervention.

While increased identification hypotheses for these and other recently recovered individuals partially contribute to the sharp increase in identifications
facilitated by OpID—from an average of five per year through 2021, to 26 in 2022, and 23 to-date in 2023—this also reflects the need for continued
capacity building in border jurisdictions. Although extensive community outreach, training efforts, and stakeholder collaboration have improved case
management in the Rio Grande Valley, particularly in Brooks County, the situation in West Texas and ongoing barriers to decedent identification call
for the development of sustainable disaster management infrastructure.

The objective of this presentation is to discuss the challenges, advancements, and changes to migrant death investigation in Texas through the
experiences of OplID. After recounting the trajectory of the OpID project over the past ten years, this presentation highlights trends in migrant death
management along the Texas southern border through recent case examples. It is the goal of this discussion to promote the development of centralized
agencies for migrant death investigation in Texas and to advance the integration of disaster victim identification approaches in jurisdictions managing
high numbers of transnational unidentified deaths.

Identification; Migrants; Medicolegal Death Investigation
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A156 Necrosilence: GIS Visualizations of Migrant Mortality in South Texas, 2009-2020

Molly Miranker*, Texas State University San Marcos, Austin, TX; Alberto Giordano, Texas State University San Marcos, San Marcos, TX

Learning Overview: After attending this presentation, attendees will better understand geographic and temporal trends of reported migrant deaths in
South Texas, as well as the implications of “empty map spaces” or necrosilences.

Impact Statement: This presentation will impact the forensic science community by addressing two persistent issues specific to the Texas-Mexico
border migration context. First, it establishes a 12-year mortality profile. Second, it introduces the concept of necrosilences and their implications to
both forensic and humanitarian work and usage of geospatial tools.

The study area, South Texas, is comprised of ten counties with some of the highest reported migrant mortality incidences, 2009—-2020. A total of 1,412
records of migrant decedents were obtained from local sheriffs, justices of the peace, and Border Patrol. We applied Analyses Of Variance (ANOVA),
spatial statistics, and cluster analysis to test the relationships of mortality point locations throughout South Texas. We used RStudio 3.5.3 ANOVA and
independent t-tests to determine whether there were any differences in migrant mortality between counties and, in a separate set of tests, whether
migrant mortality varied significantly by season. ANOVA is an aspatial type of analysis. To look at spatio-temporal patterns, we applied a suite of
spatial analytical methods, starting with the Mean Center (MC), Standard Distance (SD), and Directional Distribution (DD) of mortality locations,
which were calculated in ArcGIS® Pro 2.9.3. We used Getis-Ord Gi* in ArcGIS® Pro to test for mortality clustering of migrant mortality locations in
relation to neighboring features in the study area, specifically private land ownership, as well as by year the remains were found and in relation to
distance to United States Border Patrol (USBP) structures (ports of entry, stations, checkpoints) and to roads. Finally, to examine patterns of spatial and
temporal distribution together, we used SaTScan™ v10.0.

Two important aspects of the patterns of migrant mortality in South Texas emerge from spatial analysis and Geographic Information Systems (GIS)
mapping. To start, the 12-year South Texas migrant mortality spatiotemporal profile illustrates a deathscape that approximates the “second border” of
Border Patrol checkpoints.!? Visually, this is illustrated by the majority of DD ellipses having a NW-to-SE orientation, as well as by county-level MCs
falling near at least one USBP checkpoint (within 0.22—17.00km). Further, Getis-Ord Gi* results showed that migrant decedents recovered farther away
from or in between Border Patrol structures tended to be significantly more than expected, and decedents relatively closer to Border Patrol structures
were fewer than expected.

The second important takeaway was that there were large swaths of South Texas that were devoid of migrant death. These “empty” areas are emblematic
of necrosilences. That is, instances where there is a lack of access or accounting rather than absence of death. Necrosilences are the result of harmful
inactivity, obfuscation of death, or failing to intervene in “letting die” situations. As pertains to the visualization and generation of spatiotemporal
profiles of migrant mortality, necrosilences are informative. Smuggling of migrants is a highly coordinated process, and it is probable that once migrants
are past the border itself, the process of being moved from stash house to stash house via vehicles creates the illusion of blank spaces, especially
between the Mexican border and Border Patrol checkpoints.> Rather than being free of deaths, these areas likely are not searched regularly or are
otherwise inaccessible due to lack of permission, personnel, or other resources. Key “empty” areas include all of Starr, Zapata, Willacy, and Cameron
Counties, the northern portion of Hidalgo County, and the southern portions of Brooks and Kenedy Counties.
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B1 What’s In It For Me (WIIFM)?: Streamlining Sexual Assault Evidence From Collection to Analysis to
Achieve the Best Outcome for the Survivor

Fernanda Henry*, Forensic Science Services, Saint Lucia Forensic Science Laboratory, Dennery, Saint Lucia; Joy Quinlan, Saint Lucia Forensic
Science Laboratory, Castries, Saint Lucia; Valerie Mattimore Fuller, DNA Solutions, Inc., Oklahoma City, OK; Aliker Compton, Saint Lucia Forensic
Science Laboratory, Castries, Saint Lucia

Learning Overview: This presentation will use result outcomes to demonstrate how the Saint Lucia Forensic Science Laboratory was able to streamline
its sexual assault evidence collection kit to focus on DNA-based evidence collection in combination with a DNA-first approach to analysis. After
attending this presentation, attendees will better understand the value of a shorter and more focused collection system for sexual assault evidence that
allows for a faster turnaround time for analysis, while producing probative DNA results to assist the trier of fact in sexual assault cases.

Impact Statement: This presentation will impact the forensic science community by showing that a ten-step sexual assault evidence collection process
is effective in collecting enough probative biological evidence for the effective investigation of sexual assault matters through a DNA-first approach.
Forensic DNA analysts will also learn how to use the quantitation step and the Capillary Electrophoretic (CE) instrument to make decisions about
stopping at quant or triaging cases for autosomal or Y-chromosomal Short Tandem Repeat (Y-STR) profiling.

Evidence collection after a report of a sexual assault is pivotal in proving or disproving the alleged events. In Saint Lucia, evidence collection is usually
conducted in the Emergency Room (ER) of our two main hospitals on the island by on-duty medical doctors. It means that all “emergencies” are
attended to ahead of a sexual assault survivor. This results in inordinate waiting times for the examination and re-traumatization of the survivor by the
whole ER experience. Couple that with an almost 20-step evidence collection process as obtained previously, involving pubic/head hair combing,
plucking or fingernail scraping, and drawing of blood.

The Saint Lucia Forensic Science Laboratory decided in 2011 to streamline the Sexual Assault Evidence Collection Kit (SAECK) to ten steps in
keeping with the recommendations for standardized evidence collection by the National Protocol for Sexual Assault Medical Forensic Examinations
by the United States Department of Justice.1,2 The kit would be focused on biological evidence collection for subsequent DNA analysis, with
considerable time savings for both the sexual assault survivor and the attending ER physician. Then in 2022, the DNA Unit transitioned to a new CE
platform along with using new, more sensitive chemistries for extraction of sexual assault evidence such as the Casework Direct System by Promega®
Corporation and the Erase Sperm Isolation Kit by PTC Laboratories.3-6 We used the CE instrument to establish the DNA mass equivalent of our
stochastic threshold Relative Fluorescence Units (RFU).7-9 We are therefore able to identify the most probative samples for DNA profiling at the
quantitation step. This approach not only improves the turnaround time for analysis in the DNA Unit and helps to reduce the backlog of cases, but also
gives the laboratory the opportunity to provide feedback to the evidence collectors to improve on the quality of evidence collection at different steps in
the process.
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B2 The Remains of the Crime: An Assessment of Body Fluid Identification Over Time

Francisco Medina Paz, New Jersey Institute of Technology, Newark, NJ; Brandon L. Kuba, New Jersey Institute of Technology, Oak Ridge, NJ; Emily
Kryvorutsky, New Jersey Institute of Technology, Staten Island, NY; M. Gabriela Roca*, SERATEC mbH, Goettingen, Niedersachsen, Germany, Sara
C. Zapico, New Jersey Institute of Technology, Newark, NJ

Learning Overview: After attending this presentation, attendees will consider the possibility of recovering body fluids, particularly blood and semen,
up to three months old as rapid immunochromatographic tests were able to successfully identify them in different types of fabrics.

Impact Statement: This presentation will impact the forensic science community by presenting a validation study of blood and semen stability on
different types of fabric over time and the sensitivity of rapid immunochromatographic tests and by assessing the possibility of recovering total DNA
from the samples, thus leading to both the identification of body fluids and DNA isolation.

Among different methodologies to quickly identify body fluids at crime scenes, rapid immunochromatographic tests represent the simplest and quickest.
They are based on antigen-antibody reaction against a specific human protein. Particularly, blood rapid immunochromatographic tests are based on the
detection of hemoglobin, while semen tests are based on the detection of Prostate Specific Antigen (PSA). These are the most common body fluids
encountered at the crime scene. One of the factors that could hamper the correct identification of these fluids is the substrate where they were deposited.
Another factor could be the time. It must be considered that crime scene investigation could occur days or even months after the crime was committed.
Currently, there are few studies analyzing the possibility of detecting body fluids over time and comparing among different substrates.

Based on these premises, the main aim of this work was to validate the detection of blood and semen samples from denim, cotton, and leather aged up
to 3 months and analysis of nuclear DNA recovered from these samples.

Twenty microliters of blood and semen (three replicates per timepoint) were deposited in denim (black and white), cotton (black and white), and leather.
The samples were recovered after 1 day, 2 days, 1 month, and 3 months. The fabrics were kept at room temperature under natural light conditions.
Blood and semen were identified by SERATEC® HemDirect Hemoglobin Test and SERATEC® PSA Semiquant, respectively. The sample was swabbed
for 30 seconds and the swab was diluted in 400ul of extraction buffer. This mixture was shaken for 10 minutes at room temperature. After this period,
three drops of buffer were added in each cassette. DNA was extracted from the buffer applying silica-based columns, and later quantified by human-
specific quantitation based on quantitative Polymerase Chain Reaction (qPCR). PowerPlex® Fusion 6C System was applied to generate the Short
Tandem Repeat (STR) profiles.

The results showed that it was possible to detect blood and semen up to three months after deposition, although with different band intensities. Black
denim and cotton showed stronger bands than white denim, cotton, and leather. Total DNA from all sample tubes was successfully recovered, obtaining
full DNA profiles with different qualities. Leather, black denim, and cotton samples showed the highest qualities in DNA profiles up to three months.
These findings indicate that it is possible to recover and identify blood and semen samples up to three months after deposition and also obtain DNA
profiles.

Future research will be able to expand the results, assessing the detection of body fluids in other fabrics and different environmental conditions.

Bodily Fluid; Fabric; LFI
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B3 Dry Vacuum Recovery of DNA From Fabric

Emily Sam-Zee-Moi*, John Jay College of Criminal Justice, New York, NY; Mechthild Prinz, John Jay College of Criminal Justice, New York, NY

Learning Overview: After attending this presentation, attendees will be informed of an alternative non-destructive method of collecting touch DNA
from fabric by using a dry vacuum and how it can be used for testing fabric evidence.

Impact Statement: This presentation will impact the forensic science community by presenting an optimized method that may be more efficient for
DNA collection and may affect how different types of evidence are processed for DNA recovery. The success of the non-destructive dry vacuum
method makes this process a valuable addition to the forensic science toolbox.

Touch DNA has proven to be a reliable forensic tool when investigating sexual assaults and other crimes. Current methods of DNA recovery from
fabric include cutting, swabbing, scraping, and tape lifting. A Swedish tape lifting method was shown to be effective for DNA collection for plain
woven fabric.! A new method using a dry vacuum technique has been successful in recovering touch DNA from written documents. This method uses
suction to gather DNA onto a dry or moistened filter, which can then be processed to release the DNA and create a DNA profile.? The dry vacuum
collection is an alternative non-destructive option for DNA collection from fabric.? Different filters and moistening agents may increase DNA yields
for the dry vacuuming method. This experiment was designed to test the success of the dry vacuum technique on pieces of cotton fabric that had been
briefly touched as well as the effectiveness of different moistening agents and filters.

Samples were gathered by having both female and male volunteers rub their faces, followed by rubbing their hands together and gripping DNA-free
15cmx15cm cotton fabric squares. A total of four fabric samples and one buccal swab were collected per donor. This method of collection was designed
to simulate an assault with the suspect grabbing the clothing of their victim. The fabric was then vacuumed using either an irradiated glass pipette fit
with a Puritan® cotton swab moistened with water, 10% Tween® 20, or an irradiated plastic pipette tip with the filter moistened with water or 10%
Tween® 20. A vacuum hose was attached to the narrow end of the pipette or tip, allowing for the wide end to suction the fabric. DNA was then extracted
using a QIAamp® DNA Investigator Kit on the QITAGEN® QIACube® extraction robot. All samples were quantified in duplicate using Quantifiler®
Trio.

Quantities from each donor varied; however, results show that the dry vacuum technique can collect a sufficient amount of touch DNA from fabric
(>7pg/uL) to be used for DNA analysis from all donors. Water as a moistening agent allowed for a higher amount of DNA to be collected. There was
no distinguishable difference when using a glass pipette versus a plastic pipette tip. The dry vacuum method is an efficient non-destructive method that
can be implemented in any DNA laboratory that has a vacuum pump or a bench vacuum outlet.
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B4 An Initial Investigation of the Applied Biosystems® SeqStudio™ Genetic Analyzer for Human Identification
Purposes

Brayleigh Keefe*, Arcadia University, Southbury, CT; Megan Foley, The George Washington University, Washington, DC; Nicole Novroski, University
of Toronto, Mississauga, ON, Canada; Fabio Oldoni, PhD, Arcadia University, Glenside, PA

™

Learning Overview: This presentation will focus on educating attendees about the use of the innovative SeqStudio™ Genetic Analyzer with the
GlobalFiler® Polymerase Chain Reaction (PCR) amplification kit for human identification purposes.

Impact Statement: This presentation will impact the forensic science community by sharing the determined limits and best practices for the
fluorescence-based SeqStudio™ Genetic Analyzer system on mock casework samples.

Capillary Electrophoresis (CE) is the conventional method used to separate and detect DNA fragments for Human Identification (HID) purposes.' Over
the years, multiple genetic analyzers have been developed; however, the platform of interest for this research is the latest Applied Biosystems
SeqStudio™ Genetic Analyzer. The instrument includes an all-in-one reagent cartridge that contains four capillaries and can detect six different dyes.?
When performing CE, many factors, including injection time, sensitivity and reproducibility, stutter, inhibition and degradation, and mixture
performance must be considered.? Previous research has not yet fully established all capabilities and thresholds involved with the use of the SeqStudio™
coupled with the GlobalFiler® PCR amplification kit for HID purposes. This project aims at investigating these limitations and determining the best
practices for this instrument.

This research requires performing different evaluation studies using a standard quantitative Polymerase Chain Reaction (QPCR)-to-CE workflow. DNA
samples are quantified using Quantifiler® Trio DNA Quantification kit on the QuantStudio™ system, amplified with the 24-loci GlobalFiler® PCR kit
on the ProFlex system, genotyped on the SeqStudio™, and profiles analyzed using the GeneMapper® ID-X v1.6. The first study to perform is the
injection study that requires injecting samples at different injection times to determine the optimal injection time in order to generate reliable data. A
reproducibility study is also conducted to determine the ability of the SeqStudio™ to reproduce genotypic results across multiple runs alongside a
sensitivity study to determine the optimal range of target DNA (from Ing/ul to 7pg/ul) to amplify when using the GlobalFiler® PCR kit. Furthermore,
stutter and intra-locus and intra-/inter-color balance studies are performed to establish the amount of stutter produced at each Short Tandem Repeat
(STR) locus and the overall balance among loci and dyes, respectively. A mixture study is conducted to define the detection of DNA donors in two-
person (e.g., 1:1, 1:3, 1:5, 1:9, 1:19) and three-person (e.g., 1:1:1, 1:1:3, 1:1:5, 1:1:9) mixtures. Inhibition and degradation studies are also performed
to assess the typing performance on inhibited and degraded mock samples stored at room temperature.

For the injection time study, one male and one female DNA sample were quantified and diluted to 0.5ng/ul and Ing/ul and run on the SeqStudio™ at 1,
3,5, 7, and 10s injection times in triplicate. Overall, a general decline in the max, med, and min Relative Fluorescence Units (RFU) values for alleles
at all loci within each dye channel was observed as the injection time decreased. The injection times ranging from 1s to 5s provided optimal results at
both concentrations, demonstrating the lowest values of standard deviation observed across all loci. The assessment of min and max peak height
reproducibility was also completed for each injection time as well as heterozygous allele balance with no significant variation being reported. Moreover,
full genotype reproducibility at all loci was observed across multiple runs at the concentrations tested. For the sensitivity study, no locus or allelic
dropouts were observed from Ing/ul down to 125pg/ul; further analysis is in progress to determine the overall locus/allelic dropout rates at lower
concentration inputs.

In conclusion, our preliminary findings support the potential of the SeqStudio™ Genetic Analyzer in forensics, and the ongoing comprehensive
evaluation will help elucidate further the best practices for this low-throughput platform.
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BS A Morphological and Genetic Characterization of the Psychoactive Species Psilocybe Cubensis From
Forensic Samples

Ivana Horjan Zanki, Forensic Science Centre Forensic Science Centre “Ivan Vucetic¢,” Zagreb, Grad Zagreb, Croatia; Adela Makar, Ministry of the
Interior, Forensic Science Centre “Ivan Vuceti¢,” Zagreb, Grad Zagreb, Croatia; Andrea Ledi¢*, Ministry of the Interior, Forensic Science Centre
“Ivan Vuceti¢,” Zagreb, Grad Zagreb, Croatia

Learning Overview: After attending this presentation, attendees will have insight on the applicability and usefulness of a different type of analyses
regarding forensic fungal samples through results obtained from morphological and genetic research of casework samples conducted at the Croatian
Forensic Science Centre, “Ivan Vuceti¢.”

Impact Statement: This presentation will impact the forensic science community by emphasizing the ongoing necessity of extending routine analyses
of forensic fungal samples. Upgraded data deriving from complementary morphological and genetic analyses subsequently could lead to improvements
of legal acts considering psychoactive fungi.

Consummation of psychoactive fungi containing Psilocybin (PY) and Psilocin (PI) causes less intensive LSD-like effects.! Although physically non-
addictive, long-term use can lead to tolerance and psychical addiction, the reason why PY and PI are illegal in a majority of European Union countries,
with fungi subsequently seized as forensic samples. Since PY/PI are not yet synthesized in spores, mycelia and sclerotia, routine toxicology methods
on these kinds of samples are useless.? On the other hand, morphological (macroscopic and microscopic) analyses inevitable in research, taxonomic,
and phylogenic fungal studies are somewhat difficult or even impossible to proceed on forensic samples with too dry, too young, or scarce-fruiting
bodies, ground to powder, or lacking some of the macroscopic features. Applying molecular-based techniques can overcome some of the
abovementioned limitations in identification process.

Hence, the main goal of this study was to present the usefulness of genetic analysis on fungal forensic samples to confirm their accurate species
identification.

Within more than 200 described psychoactive species, Psilocybe cubensis (Earle) Singer and its varieties are most popular among users worldwide due
to their proven potency, wide distribution, and ease of cultivation.>> P. cubensis is classified in section Cubensae of the genus Psilocybe and
distinguished from Psilocybe subcubensis only by one distinctive feature: the size of basidiospores.®’

A total number of 63 forensic fungal samples seized in Croatia from 2010 to 2014 were morphologically analyzed and genotyped with genetic markers,
including complete Internal Transcribed Spacer (ITS) of nuclear DNA and a large portion of 28S gene from 5’ end (nuclear-encoded large subunit
ribosomal RNA genes, nLSU-rDNA).3° Macroscopic analysis using several taxonomic keys (6, 7, 10-13) resulted in five successfully identified species
with P. cubensis as the most common (56/63), confirming its popularity. Microscopic analysis of a total 1,219 spores from P. cubensis samples,
positioned 934 spores (76.62%) within range of basidiospores size for P. cubensis and 1,127 spores (92.45%) within P. subcubensis established range.°
Obtained values well encompass both species without discrete grouping, rather showing overlapping and continuous transition from minor size values
corresponding with P. subcubensis up to major values corresponding with P. cubensis.

These findings indicate that P. cubensis and P. subcubensis cannot be differentiated based only on size of basidiospores and are conspecific, (i.e., both
belonging to the same species).

ITS and LSU sequences were successfully determined from 47/56 (83.92%) samples, each represented by only one haplotype. In addition, established
haplotypes matched completely (100%) with P. cubensis haplotypes from the GenBank database. These results strongly confirm previously established
results from morphological analyses. Eligible subsequent study should refer to the genetic analyses of P. subcubensis reference samples that served for
initial species identification back in 1978.

Overall findings pointed out that molecular data can revise established fungal taxonomy classification based on genetic variations within species, inter-
and intra-species phylogenetic relationships as well as the origin of shared morphological or phenotypic features among taxonomic groups.'#18

In summary, results imply that limited data obtained from toxicological analyses of forensic fungal samples are not adequate for species identification
while morphological and genetic analyses represent actual necessity.
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Bo6 The Persistence of Wearer DNA on Clothing After Laundering

Rachel Rachel Breitenstein®, San Diego Police Department Crime Laboratory, San Diego, CA; Shawn Montpetit, San Diego Police Department Crime
Laboratory, San Diego, CA; Ismail M. Sebetan®, Forensic Science, National University, San Diego, CA,; Paul Stein*, National University, Ramona, CA

Learning Overview: This presentation will provide attendees with a better understanding of the evidentiary value of laundered clothing by showing
the effects of three different wash conditions on the persistence of wearer DNA.

Impact Statement: DNA analysis is one of the most requested services provided by forensic laboratories. This presentation will impact the forensic
science community by informing attendees that in order to make the best use of resources, laboratories need to recognize which evidence is most
suitable for DNA testing. Laundered clothing may be considered unlikely to yield interpretable DNA results. Understanding the effect of different wash
conditions on the persistence of wearer DNA will assist investigators and forensic examiners in deciding whether laundered clothing should be analyzed
for DNA.

Introduction: Clothing is frequently recovered as evidence in criminal investigations. Processing these items for wearer DNA may provide relevant
information for investigators to identify the perpetrator of the crime. However, if the clothing is laundered before it is recovered, the quantity of DNA
that remains may be insufficient for Short Tandem Repeat (STR) profiling. This study was conducted to evaluate the persistence of wearer DNA after
laundering and assess the quality of the resulting STR profiles.

Methodology: DNA was collected from 30 worn hats by swabbing half of the interior sweatband. The hats were divided into treatment groups and
were laundered using one of three methods: machine-wash hot, machine-wash cold, or hand-wash lukewarm.

Post-wash samples were collected by swabbing the other half of the sweatband. All samples were extracted using the QIAamp® DNA Investigator Kit.
DNA was quantified using a Rotor-Gene Q® real-time Polymerase Chain Reaction (PCR) cycler and the QTAGEN® Investigator Quantiplex™ HYres
Kit. If necessary, sample concentration was performed using Microcon® DNA Fast Flow Centrifugal Filter Devices. STR profiles were generated using
the GlobalFiler® PCR Amplification Kit, SeqStudio™ Genetic Analyzer, and GeneMapper® ID-X Software. Persistence was evaluated by comparing:
the proportion of pre- and post-wash samples meeting the validated amplification target, total peak heights across the profiles, locus dropout, and
degradation curves.

Results: Statistical significance between pre- and post-wash sample values within each treatment group was measured using either a two-proportion
z-test or a one-tailed, paired #-test. A one-way Analysis of Covariance (ANCOVA) test was used to compare peak height sums, locus dropout, and
degradation slopes of the post-wash samples between the three treatment groups. The pre-wash values were used as the covariate in the statistical
analysis. For all analyses, a p-value < 0.05 was needed to indicate significance.

The proportion of pre- versus post-wash samples to meet the amplification target was not significantly different in any treatment group. Peak heights
were found to be significantly lower for post-wash samples than pre-wash samples in the machine-wash cold and hand-wash lukewarm treatment
groups; however, the decrease in peak heights observed in the machine-wash hot treatment group was not statistically significant. Post-wash samples
from all treatment groups displayed significantly greater locus dropout and steeper degradation slopes than pre-wash samples. Comparing post-wash
samples from different treatment groups indicated no significant difference in persistence between wash conditions.

Conclusion: This study shows that wearer DNA does persist after laundering and should be considered a potential source of DNA evidence. Although
post-wash samples were found to yield significantly less DNA and lower quality profiles, it was still possible to generate profiles suitable for
comparison. Approximately 55% (n=29) of post-wash samples resulted in STR profiles with alleles detected at 6 or more of the 21 autosomal loci
tested. Many of these samples were undetected by real-time PCR, indicating that low quantitation values should not preclude further testing if
concentrating the samples is an option. This study found that neither water temperature nor laundering method had a significant effect on the persistence
of wearer DNA.

Wearer DNA; Persistence Post Laundering; STR Profiles
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B7 A Multi-Species Reference Ladder Using Two PCR Multiplexes for the Rapid Identification of Most
Domestic Animals for Forensic Purposes

Vallarie Ostenson, Florida international University, Miami, FL; Lindsey Kaufiman, Signature Science, LLC, Miami, FL; DeEtta Mills*, IFRI, Florida
International University, Miami, FL

Learning Overview: Following this presentation, attendees will be informed about a rapid method of identifying an unknown biological sample by
comparing it to a reference ladder for ten domestic animals and one human reference as well. The multiplexes simultaneously amplify mitochondrial
DNA (mtDNA) markers for a dog, cat, rabbit, chicken, goat, sheep, pig, cow, horse, and donkey and one human mtDNA marker that provides species
identification based on length heterogeneity of the markers.

Impact Statement: This presentation will impact the forensic science community by providing a rapid screening method to identify unknown biological
samples that can be found at a crime scene involving humans and pets or for cases involving crimes against animals.

Forensic identification techniques used in cases involving animals, animal abuse, or commingled at crime scenes often rely on blood or shed hair
analysis to identify the species. While there are quantitative Polymerase Chain Reaction (QPCR) or Short Tandem Repeat (STR) commercial kits
available for DNA testing of domestic animals, some only test for one animal species at a time. The qPCR kits are used in food fraud cases where, for
example, a 100% beef hot dog, may actually contain dog, and these kits can quickly identify that adulteration.!> However, if the food was adulterated
with lamb, for example, those species-specific kits would not be able to confirm that mixture of meat products. In other examples, crime scenes often
find hair, tissue, or blood at the scene. Common presumptive tests will test for human evidence. However, the scene can often be mixed with non-
human DNA evidence—evidence that could provide additional leads in a case. To date, no presumptive method provides a rapid identification of
multiple unknown species as the source of the evidence—critical to know before moving to STR analysis.

This project used mitochondrial DNA cytochrome B gene marker to create a reference ladder and design two multiplex kits that can simultaneously
detect dog, cat, rabbit, donkey, goat, sheep, chicken, pig, cow, horse, and human DNA using a traditional forensic workflow. Labeled universal forward
primers and species-specific reverse primers were used for simultaneous amplification of 11 species in two multiplexes.>* The individual species’ PCR
products were column-cleaned, then mixed together to form a reference ladder with bin sets for precise identification of a sample. The validation of the
ladder and kits was tested against mock crime scene samples, blinded to the analyst, of blood found in soil, on wood, carpeting, and clothing. The
source species was able to be identified using the reference ladder and multiplex. In addition, the kits were tested on various dog food samples to verify
ingredients on the labels did indeed match the meat products used in the production of the kibble. Ongoing research continues to expand the reference
ladder and multiplexes by adding rat, mouse, guinea pig, and ferret species.
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B8 Advancing Semen Detection Techniques With Sperm Tracker STK® in Real Case Scenarios and Diverse
Environments

Monica Omedei*, Centro Regionale Antidoping “A. Bertinaria,” Orbassano, Piemonte, Italy; Selena Cisana, Centro Regionale Antidoping “A.
Bertinaria,” Orbassano, Piemonte, Italy; Aurora Desogus, University of Turin, Villanovafiranca, Sardegna, Italy; Giorgia Ferrero, University of Turin,
Ceva, Piemonte, Italy; Florian Tharin, AXO Science, Villeurbanne, FL; Paolo Garofano, Centro Regionale Antidoping “A. Bertinaria,” Roma, Lazio,
Italy; Eugenio Alladio, Department of Chemistry, University of Torino, Torino, Piemonte, Italy

Learning Overview: In this presentation, attendees will gain valuable insights into the cutting-edge field of semen detection at crime scenes. Attendees
will learn about the innovative Sperm Tracker STK® and its role in forensic investigations. This presentation will delve into real case scenarios where
STK® has been employed, showcasing its effectiveness in identifying semen traces and contributing to solving criminal cases. Attendees will also
explore various conditions under which STK® has been tested, providing a comprehensive understanding of its reliability and versatility. By the end of
the presentation, attendees will have a deeper appreciation of the importance of semen detection in forensic analysis and the significant impact that
STK® can make in advancing investigative practices.

Impact Statement: This presentation on semen detection using Sperm Tracker STK® will have a significant impact on the forensic science community.
By introducing this innovative tool, attendees will gain insights into advanced forensic techniques and how it significantly improves the accuracy and
reliability of semen detection. Real case scenarios demonstrate the potential to solve cold cases through the analysis of, for instance, degraded samples.
Moreover, the implementation of STK® will enhance crime scene investigations, allowing for more effective identification and preservation of semen
traces. This presentation is expected to stimulate further research and collaboration within the community, driving continuous improvements in forensic
science and its applications. Overall, our findings will empower investigators with a powerful tool in semen detection, leading to more efficient,
accurate, and just outcomes in criminal investigations.

Forensic science plays a crucial role in criminal investigations, and the detection of bodily fluids at crime scenes is essential in establishing a link
between suspects and victims. Among these fluids, semen is of particular importance due to its potential as a key piece of evidence in sexual assault
cases and other crimes.! Traditional semen detection methods have limitations in sensitivity and specificity, requiring the exploration of innovative
technologies to improve forensic practices. This work presents a comprehensive study on the utilization of the Sperm Tracker STK® for semen detection,
with a focus on its effectiveness in real case scenarios and different environmental conditions.?

The objective of this study is to evaluate the impact of the Sperm Tracker STK® on forensic semen detection, elucidating its potential benefits for the
forensic science community, by offering enhanced sensitivity and enabling the detection of trace amounts of semen that may have been missed using
traditional techniques.

Through a series of controlled experiments and field tests, we assessed the performance of the Sperm Tracker STK® in various challenging conditions.
These included scenarios with degraded semen samples on hair and skin specimens, varying environmental factors (i.e., humidity and temperature),
and different storage conditions over time. The results demonstrate that the Sperm Tracker STK® consistently is a valuable alternative to traditional
methods, with a higher rate of semen detection in the tested conditions, leading to more robust evidence collection and helping to ensure the integrity
of the investigative process.

Moreover, the application of the Sperm Tracker STK® to real case scenarios has led to breakthroughs in investigations, including its use for casework
related to suspected sexual assaults. The analysis of semen samples has proven crucial in establishing the identity of perpetrators and providing closure
to victims' families.

In conclusion, Sperm Tracker STK® represents a groundbreaking advancement in forensic semen detection. By empowering investigators with this
advanced technology, we aim to strengthen the foundations of forensic science and promote justice in criminal investigations.
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B9 Into the “Sexome”: Genital Microbiome Transfer and Applications

Julia Wang*, Sam Houston State University, Huntsville, TX; Rachel Houston, Sam Houston State University, Huntsville, TX; Sheree R. Hughes, Sam
Houston State University, Huntsville, TX; Brendan Chapman, Murdoch University, Murdoch, Western Australia, Australia; Ruby Dixon, Murdoch
University, Baldivis, Western Australia, Australia

Learning Overview: After attending this presentation, attendees will have gained a better understanding of the genital microbiomes and its potential
for forensic application.

Impact Statement: This presentation will impact the forensic science community by presenting support for genital microbiomes as potential evidence
in sexual assault evidence in the absence of spermatozoa.

The preferential lysis-based differential extraction method is the conventional approach for sexual assault evidence processing. However, this workflow
relies on the presence of spermatozoa to identify male perpetrators, making it limited in certain cases where spermatozoa may not be present. To address
these shortcomings, there is a growing interest in using microbiome sequencing as a potential alternative, especially with the availability of next-
generation sequencing technologies.

The purpose of this research was to investigate the potential post-coital transfer between vaginal and penile microbiomes in genuine samples. To
achieve this goal, pre- and post-coital vaginal and penile swabs were collected from two donor couples. Microbiome libraries were prepared by targeting
specific regions V3 and V4 of the 16S ribosomal RNA gene, commonly used in microbial community profiling.

The results of the study not only support previous literature findings, such as the primary genus found in vaginal microbiomes being Lactobacillus, but
they also contribute to the relatively limited knowledge on penile microbiome communities.! Notably, post-coital vaginal and penile microbiomes
displayed even greater diversity compared to their pre-coital state, suggesting potential changes or interactions resulting from sexual activity.

While further research with a broader range of samples will be conducted in the future, the observed differences in diversity between circumcised and
uncircumcised penile microbiomes suggest potential variations in the persistence of coital transfer in different microenvironments. This finding aligns
with previous studies that have shown that circumcision status can influence microbiome composition, which could have implications for the analysis
of sexual assault evidence.?

Overall, this research contributes to the understanding of the dynamics of microbial communities in the context of sexual activity and has implications
for forensic investigations. By utilizing microbial next-generation sequencing, this study highlights a promising avenue for gaining probative
information, even in cases where conventional preferential lysis-based approaches may not be sufficient.
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B10  The Adaptation, Optimization, and Validation of a Semi-Automated DNase I-Based Differential Extraction
Procedure on the Beckman Coulter Biomek NX? Automation Workstation

Susan A. Greenspoon*, Virginia Department of Forensic Science, Richmond, VA; William Eggleston, Virginia Department of Forensic Science,
Richmond, VA; Cathryn Shannon, Virginia Department of Forensic Science, Richmond, VA

Learning Overview: The goal of this presentation is to describe the development of an automated separation of sperm from non-sperm cells for sexual
assault samples using a DNase [-based method prior to DNA purification.

Impact Statement: This presentation will impact the forensic science community by providing a more automated and less hands-on, faster, more
efficient and less labor-intensive method for processing sexual assault cases.

Processing of evidence in sexual assault cases is time consuming, which has led to high backlogs in many localities. A key challenge has been to
separate DNA in sperm cells from DNA in epithelial cells prior to purification in order to simplify the mixture prior to DNA profiling. The Differential
Extraction (DE) method developed by Gill et al. and still routinely used in forensic laboratories, is based on the higher density of sperm cells and their
resistance to cell lysis in the absence of a reducing agent such as Dithiothreitol (DTT) relative to epithelial cells.!

Following lysis of epithelial but not sperm cells in buffers containing proteinase K and detergent, samples are centrifuged to pellet sperm cells (Sperm
Fraction [SF]), leaving lysed epithelial cells in the supernatant (Non-Sperm Fraction [NSF]). Removal of the NSF and repeated washing of the SF prior
to DNA extraction is used to develop separate fractions for DNA profiling.

While effective, the process is challenging to fully automate, and the repeated wash steps are slow, labor intensive, can lead to loss of sperm, and
provide more opportunities for cross contamination. Multiple procedures to improve upon the differential lysis/centrifugation method have been
developed, including laser-, acoustic-, pH-, pressure-, affinity- and enzyme-based approaches. Critical aspects of new methods are to demonstrate that
they work as well or better than methods currently in use in the forensic laboratory and an ability to seamlessly integrate into existing workflows, which
reduces the impact on casework output.

The Virginia Department of Forensic Science (VADFS) optimized and fully integrated an automated DNase I-based differential extraction method into
the current automated DNA processing pipeline using the Promega® DNA IQ™ DNA isolation system and the Beckman Coulter® Biomek NXP
automation workstation. DNase [ is a nuclease that degrades DNA to oligonucleotides and is used in this method to remove residual non-sperm DNA
from the sperm cell pellets, thus removing the need for repetitive wash steps.

Starting from reports by Garvin et al. and Wong and Mihalovich and the VADFS’s current DE procedure, DNase I digestion of SFs was performed
using a new method developed for the Biomek NXP. 2“This was performed following manual epithelial cell lysis and pelleting of the sperm cells to
remove the non-sperm cell lysate. We report the results of testing multiple enzyme concentrations, incubation times and temperatures, and semen
dilutions using vaginal and buccal mock sexual assault samples from multiple donors. We also report the effects of commonly encountered vaginal
contaminants and aging on results and tests to measure cross contamination rates in order to validate the optimized protocol on the Biomek NXP.

We found that multiple conditions worked comparably to the current VADFS standard DE protocol with respect to Y-DNA yields (measure of male
DNA), ratios of autosomal-DNA to Y-DNA yields (A/Y ratios, which measure the relative quantity of female DNA), and the quality of sperm fraction
DNA profiles (peak balance, profile completeness, etc.). No evidence for increased rates of cross contamination was observed due to the automated
DNase 1 treatment. In less than one-half the time (e.g., ~80 minutes versus ~180 minutes for 13 samples, including epithelial cell lysis) needed by the
current VADFS DE method, the automated DNase I DE method transfers DNase I-treated SFs into the deep well sample plate in which, along with
other casework samples, the SFs will be purified for DNA using the existing automated extraction procedure.
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B11l  From Tecan to Hamilton: Material Modification of Applied Biosystems'" PrepFiler™ Automated
Extraction

Cristina L. Servidio*, DNA Labs International, Boca Raton, FL; Rachel H. Oefelein, DNA Labs International, Deerfield Beach, FL,; Brittany Stirmell,
DNA Labs International, Deerfield Beach, FL

Learning Overview: After attending this presentation, attendees will better understand the validation process that was undertaken by DNA Labs
International to bring the HID NIMBUS® Presto System online.

Impact Statement: The presentation will impact the forensic science community by demonstrating how the HID NIMBUS® Presto System was brought
online and could increase the processing capabilities at forensic laboratories around the world.

As advancements are made in the forensic science world, some of the most common questions revolve around how we make the process more efficient
and accurate. The use of robotic systems to assist in laboratory processing has been used in the forensic community for decades to ensure reliability of
results while also increasing efficiency. This allows forensic scientists to focus their efforts on more complex tasks like screening items of evidence,
data interpretation, and mixture deconvolution.

Since 2013, the Tecan Freedom EVO® 150 Robotic Workstation has been dutifully extracting, quantifying, normalizing, and amplifying tens of
thousands of samples every year. It has been a valuable tool with the capability of performing both extraction and quantification with minimal user
intervention. However, as with all robotic platforms, at some point these years of glory must come to an end. Similar to the vehicles we drive every
day, repeated use causes breakdown over time and at some point, it becomes time for a new instrument.

DNA Labs International began exploring alternative options for high throughput extraction for non-differential samples in 2022 and the HID NIMBUS®
Presto System was taken into consideration. A large point to consider was that the same extraction chemistry currently in use on the Tecan could also
be employed on this robotic platform consisting of the Hamilton™ Microlab™ NIMBUS® HD Liquid Handler in conjunction with the KingFisher™
Presto Purification System. Additionally, the processing time would be a fraction of the current processing time. Having dealt with the headaches of
custom scripting in the past, the pre-made scripts offered on this system were also appealing. In 2023, the system was purchased, and training and
testing went underway. This presentation will highlight the testing results, including sensitivity and modifications to the previous protocol as well as
plans for the implementation of downstream quantification, normalization, and amplification platforms.

Robotic System; Forensic DNA; Validation
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B12  An Evaluation of the Effectiveness of Flow Cytometry in Sperm Testing in Mixed Semen Specimen

Fang Chun Chung®, Forensic Biology Division, Institute of Forensic Medicine, Ministry of Justice, New Taipei City, New Taipei, Taiwan (Republic of
China); Chun-Yen Lin, Division of Forensic Biology Institute of Forensic Medicine, Ministry of Justice, New Taipei City, New Taipei, Taiwan (Republic
of China); Kuan-Miao Yeh, Forensic Biology Division, Institute of Forensic Medicine, Ministry of Justice, Taiwan, New Taipei City, New Taipei,
Taiwan (Republic of China); Yeh-Lin Lu, Core Facility Center, Office of Research and Development, Taipei Medical University, Taipei City, Taipeli,
Taiwan (Republic of China); Chun Changou, Core Facility Center, Olffice of Research and Development, Taipei Medical University, Taipei City,
Taipei, Taiwan (Republic of China)

Learning Overview: The goal of this presentation is to introduce attendees to a method with highly accurate and effective cell separation to identify
sperm cells from samples mixed with sperm cells and female epithelial cells by flow cytometry.

Impact Statement: This presentation will impact the forensic science community by providing forensic personnel with an additional reference method
for detecting cases involving mixed sperm cells in sexual assault cases.

The presence or absence of sperm cells is one of the key pieces of evidence in the detection and investigation of sexual assault crimes. Separating male
sperm cells from female epithelial cells in mixed samples and obtaining a higher concentration of suspect sperm cells while reducing interference from
female epithelial cells is one of the challenges forensic personnel faces. In practical criminal cases involving sexual assault, the conditions of mixed
sperm cell samples from the female vagina are often less than ideal. Factors such as postmortem changes, decomposition, or a small number of male
sperm cells within a background of a large amount of female epithelial cells further increase the difficulty of analysis. Therefore, developing techniques
with highly accurate and effective cell separation is one of the challenges that forensic personnel must overcome to clarify the case. Flow cytometry,
which possesses the characteristic of cell separation, can collect cells with high specificity, achieving the desired separation effect. These characteristics
can be utilized in the identification of samples containing female cells and sperm cells in sexual assault cases.

In this study, a mixture of female oral epithelial cells and male sperm cells was prepared to simulate samples from sexual assault cases, and flow
cytometry analysis was performed on the samples. The Forward Scatter ( FSC ) and Side Scatter ( SSC ) parameters of flow cytometry were used for
analysis. The results showed that there were two cell populations in the mixed samples (located in regions R1 and R2), demonstrating that flow
cytometry can indeed classify mixed samples into distinct groups. Furthermore, to achieve significant cell classification, this study evaluated several
antibodies to enhance the cell classification effect. CD52, ACRV1, MOSPD3, JLP, DEFB126, PH20, and ADAM23 antibodies were selected to label
male sperm cells, and the results showed that CD52 antibody labeling had the best effect (88.7% positive in region R2). CD324, CD326, and CD227
antibodies were selected to label female oral epithelial cells, and the results showed consistent effects for all three antibodies (positive rates in region
R1 were 92.6%, 91.4%, and 92.2%, respectively). Additionally, mixtures containing different amounts of male sperm cells were examined to evaluate
the limitations of the flow cytometry technique. It was found that when the sperm cell concentration was below 103, the positive signal of sperm cells
was too low, which could potentially affect subsequent DNA profiling analysis. Therefore, in addition to utilizing the differences in surface antigens
between male and female cells, this study also used parameters such as differences in nucleic acid content and exclusion of the CD45 signal to improve
the classification of sperm cells and female cells in mixed samples, providing forensic personnel with an additional reference method for detecting
cases involving mixed sperm cells in sexual assault cases.

Examination; Forensic Science; Sexual Crimes

Copyright 2024 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 -212 -



ANAFS

AMERICAN ACADEMY OF

FORENSIC SCIENCES

Criminalistics—2024

B13  An Examination of Vaginal Swab Cross-Reactivity in Presumptive Saliva Testing

Emily Wiesen*, Denver Crime Laboratory, Denver, CO

Learning Overview: After attending this presentation, attendees will be informed about the use of presumptive saliva testing on vaginal swabs when
investigating sexual assault kits. This examination involved comparing two presumptive saliva tests commonly used within the forensic science
community and determining if menstrual cycle impacted the rates of cross-reactivity.

Impact Statement: This presentation will impact the forensic science community by providing an update to the collection of sexual assault evidence
to include the collection of vaginal swabs prior to the collection of urine. Additionally, this research allows practitioners to be aware of the limitations
of presumptive saliva testing.

Background: Forensic laboratories use presumptive saliva testing to identify probative staining as well as in Sexual Assault Examination Kits (SAEKSs)
to corroborate victim statements. Two types of presumptive saliva tests are currently used within forensic testing: one which detects the enzymatic
activity of amylase and one which detects the amylase enzyme itself. Amylase is a key component in saliva that aids in the digestion of complex
carbohydrates and is either produced by the salivary gland, salivary amylase, or the pancreas, pancreatic amylase. Amylase is present in various bodily
fluids, including saliva, urine, breast milk, tears, perspiration, nasal secretions, and feces. An ideal presumptive saliva test would be sensitive enough
to detect minimal amounts of amylase and specific enough to only detect amylase produced by the salivary gland.

T™

Aims/Purpose: The purpose of this study was to determine the rates of cross-reactivity when testing vaginal swabs and urine with RSID""-Saliva and
Phadebas® Amylase test methodologies as these fluids are known to contain non-salivary amylase. Additionally, this study noted the menstrual cycle
phase from each participant to determine if menstrual phase increased the cross-reactivity rate. This research provided foundational knowledge on rates
of false positivity when using presumptive saliva testing on samples that may contain vaginal fluid and/or urine.

Methods: Biological females were asked to abstain from any sexual contact for five days prior to collection. All participants collected eight vaginal
swabs, followed immediately by collecting one urine sample. Testing was performed in duplicate on all samples using both RSID™-Saliva and
Phadebas® . RSID™-Saliva is an immunochromatographic test method which detects the presence of the amylase and is ran on a test cartridge, while
Phadebas® detects the enzymatic activity of amylase within a test tube. When performing the RSID™-Saliva testing, samples were extracted in either

manufacturer provided Extraction Buffer or ddH20 to determine if the extraction method altered the test’s specificity.

Hypothesis: It was hypothesized false positives would be seen on vaginal samples when participants were either in the follicular or luteal phase of
their menstrual cycle, as amylase levels are highest during these phases. It was also hypothesized the urine samples would not have any false positive
results.

Results: RSID™-Saliva had a false positivity rate of 10% for urine samples and an inconclusive rate of 10% for vaginal swabs, while Phadebas® had a

false positive rate of 20% for urine samples and a false positivity rate of 5% for vaginal swabs. An inconclusive RSID™-Saliva result was determined
when the test line was present but too faint to be able to testify about its presence in court.

Conclusion: RSID™-Saliva and Phadebas® both had detectable false positives when testing urine and/or vaginal swabs. There are multiple potential
causes of this cross-reactivity, including the host’s natural presence of pancreatic amylase within the vagina and amylase produced by bacteria present
within the vaginal cavity. This research provides the groundwork for additional studies that can aid in determining best practices for detecting salivary
amylase on vaginal swabs, such as testing a smaller portion of the collected swab. Additionally, this research allows for a recommendation to be
provided to Forensic Nurse Examiners (FNE) to collect vaginal swabs prior to urine to prevent inadvertent urine deposition on the vaginal swabs.

Saliva; Forensic DNA; Sexual Crimes
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B14  Mitochondrial DNA Sequencing for Forensic Human Identification in a Saudi Arabian Context

Dina Al Oraer*, PhD, UCLAN, Riyadh, Saudi Arabia

Learning Overview: After attending this presentation, attendees will be aware that: (1) mitochondrial sequencing of HVI, HVII, and HVIII resolution
increases with whole genome sequencing; and (2) validation of Massively Parallel Sequencing (MPS) analysis consistent with Sanger-Type Sequencing
(STS) for Mitochondrial DNA (mtDNA) typing of samples that may be encountered in a forensic laboratory.

Impact Statement: This presentation will impact the forensic science community by developing strategies for a complete mtGenome sequencing
platform and being the first to investigate mtGenome different haplotypes and observe the hypervariable regions of the Saudi population in order to
evaluate their application in forensic sciences.

The mtDNA is inherited maternally; it has developed from one population to another in the presence of polymorphisms, hence it is widely used as a
marker in molecular evolution, population genetics, and forensics. mtDNA has some unique features that make it a particularly useful forensic marker
such as absence of recombination across many generations, maternal inheritance, accumulation of mutations over time and multiple copies per cell.
Therefore, it is particularly characteristic and informative in kinship analyses.

The sequence of a particular mtDNA genome is its haplotype, which is a genetic locus inherited as a unit. mtDNA genomes that are not identical, but
closely related, are said to be within the same haplogroup (a collection of related haplotypes with the same ancestral mtDNA molecule). mtDNA can
be assigned to a haplogroup based on the characteristic mutations that it contains; some of these are within the hypervariable region, whereas others
are dispersed around the genome; the evolutionary relationship of different haplogroups can be shown as a phylogenetic tree. There is much mtDNA
sequence data produced from different global and regional populations. Information from the haplogroup for any mtDNA provides us with a rational
arrangement of the mtDNA according to recognized phylogenetic principles. However , it demands a reliable platform for representation of data to be
able to draw meaningful and simplified information about mtDNA distribution.

Currently, STS is the primary method to develop mtDNA profiles in forensic laboratories. However, this method is laborious, time consuming, and,
therefore, subject to human error. The application of MPS to forensic genetics has rapidly expanded in recent years due to its potential to dramatically
increase sample amount, detection resolution, workflow, and cost efficiency, especially when compared to Sanger sequencing.

The creation of regional reference databases is recommended for all forensic loci, but even more important for lineage markers. While there is already
a large amount of mtDNA sequence data produced from different global and regional populations, limited mtDNA data exists for the Kingdom of Saudi
Arabia, with most previous studies focusing on medical genetics aspects of the population, and so do not necessarily reflect forensic genetics population
studies.

This study investigates the Saudi population from a mitochondrial perspective and aimed to establish a mtDNA forensic database; a total of 300 samples
were analyzed that were collected from Saudi nationals.

Samples were collected, then DNA was extracted and quantified. After primer optimization using the chosen sample and primer concentration, samples
generated a high-quality mtDNA control region dataset. The entire Control Region (CR) was amplified, sequenced, and analyzed by STS using six
forward and reverse sequencing primers that generated full coverage with overlapping sequences across the entire mtDNA control region, representing
66.2% unique haplotypes and 7.5% shared. Whereas, with MPS of the whole mtDNA, 47% of these mitochondrial types were unique and 19%
haplotypes were shared. The polymorphic sites of the whole mtDNA genome MPS were found in the CR with a total of 119 polymorphic sites and 85
in CR Sanger analysis, a large number of unique mitochondrial haplotypes suggesting the high mtDNA, especially in mtDNA control region for forensic
identification context.

Haplogroups were assigned and showed that J, R0, and H are the major haplogroup with almost half of the population samples and L2, L3, and M for
the rest of the sample haplogroup analyzed between both Sanger CR and MPS mtDNA whole genome. This frequency distribution of mitochondrial
haplogroups shows that Saudi Arabia is genetically related to the Middle East and Africa, which was expected due to its geographical location.!-3
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