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- Special Sessions—2020

Sl Interdisciplinary Symposium: Progress in the Forensic Sciences Since the 2009 National Academy of
Sciences (NAS) Report

Jan Seaman Kelly, BA*, Forensic Dynamics LLC, Las Vegas, NV 89147; Kristy Kadash, PhD, Jefferson County Regional Crime Lab, Golden, CO
80401; Vanessa Antoun, JD*, National Association of Criminal Defense Lawyers, Washington, DC 20036; Joye M. Carter, MD*, San Luis Obispo
County Sheriff-Coroner Office, San Luis Obispo, CA 93401; Eoghan Casey, PhD*, University of Lausanne, Lausanne, Vaud 1015, SWITZERLAND;
Stephanie Domitrovich, JD, PhD*, Sixth Judicial District of Pennsylvania, Erie, PA 16501; Gregory Dutton, PhD*, National Institute of Justice,
Washington, DC 20531; Barbara L. Needell, DMD*, Monument, CO 80132; Sharon L. Plotkin, MS*, Miami Dade College, Miami, FL 33167; Michael
J. Salyards, PhD*, Compass Scientific Consulting LLC, Sharpsburg, GA 30277; John L. Lentini, BA*, Scientific Fire Analysis, LLC, Islamorada, FL
33036; Tobin A. Tanaka, BS*, Canada Border Services Agency, Ottawa, ON K2E 7M6, CANADA; Robert M. Thompson, MFS*, National Institute
of Standards and Technology, Gaithersburg, MD 20899; Sheila Willis, PhD*, National Institute of Standards and Technology, Gaithersburg,
MD 20899

Learning Overview: Attendees will have an appreciation of the impact the 2009 Report by the NAS entitled Strengthening Forensic Science in the
United States: A Path Forward has had on several forensic disciplines.

Impact on the Forensic Science Community: Forensic sciences have been under the shadow of the NAS Report for the past ten years. This symposium
will impact the forensic science community by providing an update on the state of many disciplines with respect to method reliability and testimonial
boundaries, both of which were called into question by the NAS Report.

The NAS Report, Strengthening Forensic Science in the United States: A Path Forward, commonly referred to as the NAS Report by the forensic
community, was released in February 2009 during the Annual Scientific Meeting in Denver, CO. This Report was unprecedented because it brought to
light many issues that had been hampering the evolution of forensic science. It provided 13 comprehensive recommendations, starting with the
establishment of a National Institute of Forensic Sciences (NIFS). This was described as an independent federal entity designated with the responsibility
of supporting and overseeing forensic science across the country. The authors advocated that law enforcement agencies should no longer be the primary
administrators of their crime laboratories and that medical examiner systems should replace coroner’s offices. Laboratory accreditation, individual
examiner certification, and standardization of procedures were additional recommendations proposed in the NAS Report. Two significant
recommendations to the forensic sciences, more specifically to the pattern-based evidence disciplines, revolved around: (1) improving their scientific
foundations and reliability through research and validation, and (2) ensuring the accuracy of testimony offered by experts in court. Many of the NAS
recommendations have not come to fruition, including the creation of NIFS. However, changes have occurred in response to some of the
recommendations. Various questions can be posed to assess the impact of those changes. Has the community devoted time and resources to validating
current techniques and methods? Are new disciplines embracing the scientific method? What does a “match” or an “identification” mean today? How
conclusively are examiners allowed to state their results? What does the future hold for forensic expert testimony? Have court systems outside of the
United States taken any notice of the changes occurring here?

This year’s symposium will feature 13 speakers across both scientific and national borders who will provide their perspectives on how the NAS Report
has changed (or not) their business practices over the past decade. Many of the forensic disciplines discussed in the report will be addressed, including
DNA, friction ridge, firearms, documents, odontology, and digital/multimedia evidence examination. Responses in crime scene analysis and
medicolegal investigations will be presented as well. Members of the legal community will also share their thoughts on how they interpret the
conclusions made by forensic experts in written reports and in trial. In addition, the efforts of the National Institute of Justice (N1J) to fund research in
these areas will be discussed. This symposium intends be a valuable session to forensic science practitioners, managers, and legal representatives.

National Academy of Sciences, Validation, Testimony
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- Special Sessions—2020

S2 YFSF: 25 Years of Crossing Borders: Young Forensic Scientists and Their Collaborations

Zain Bhaloo, MSc*, Canada Border Services Agency, Ottawa, ON K2E 7M6, CANADA; Catherine O. Brown, MSFS*, Center for Forensic Science
Research & Education, Willow Grove, PA 19090; Hannah N. Simmons, BS*, Raleigh, NC 27616; Brittany N. Beyer, MS*, Houston Forensic Science
Center, Houston, TX 77002; Amber J. Smith, MSFS*, Houston Forensic Science Center, Houston, TX 77002; Cheryl D. Hunter*, Florissant, CO
80816; Zeno J. Geradts, PhD*, Netherlands Forensic Institute, Den Haag, SH 2497 GB, NETHERLANDS; Steven C. Batterman, PhD*, Cherry Hill,
NJ 08003-2906; Douglas H. Ubelaker, PhD*, Smithsonian Institution, Washington, DC 20560; Thomas W. Vastrick, BS*, Apopka, FL 32703;
Dirk Vastrick, BA*, Dirk Vastrick Presents, Spokane Valley, WA 99016; Christian Crowder, PhD*, Southwestern Institute of Forensic Sciences, Dallas,
TX 75207; Melissa A. Connor, PhD*, Colorado Mesa University, Grand Junction, CO 81501-3122; Nikolas P. Lemos, PhD*, Lemos Toxicology
Services, San Francisco, CA 94114; Patrick Buzzini, PhD*, Sam Houston State University, Huntsville, TX 77340; Vincent J. Desiderio, Jr., MS*,
United States Postal Inspection Service, Washington, DC 20260; Emily D. Gottfried, PhD*, Medical University of South Carolina, Charleston, SC
29407; Alex J. Krotulski, MS*, Center for Forensic Science Research & Education, Willow Grove, PA 19090

Learning Overview: After attending this presentation, attendees will better understand forensic science and how everyone’s work can impact and
enhance other scientists, and vice versa, regardless of the discipline. In addition, attendees will learn about the advantages and importance of proper
resume writing and interviewing skills.

Impact on the Forensic Science Community: The Young Forensic Scientists Forum (YFSF) has historically provided a venue for those forensic
scientists with less than five years of professional experience to interact with, and further integrate into, their prospective fields, as well as to learn
about all the other disciplines. The YFSF should provide the space and opportunity for attendees/speakers to grow, develop, network, and learn from
one another. This will allow young scientists the confidence to progress in their fields and one day hopefully provide the same opportunity to another
young scientist.

Every year, the American Academy of Forensic Sciences (AAFS) draws in thousands of globally recognized experts and professionals to present
research, hold workshops, and showcase the various disciplines represented within the Academy. Further, the YFSF offers two opportunities for young
forensic scientists to present their own work or research: the Bring Your Own Posters (BYOP) Session and the Bring Your Own Slides (BYOS) Session.

Currently celebrating its 251 anniversary, the YFSF presents for the 72" Annual Scientific Meeting in Anaheim, CA, 25 Years of Crossing Borders:
Young Forensic Scientists and Their Collaborations. This Special Session will be held on Tuesday, February 18, 2020, and will feature speakers from
many of the AAFS sections who will discuss their work and how they crossed borders, figuratively and literally, to collaborate with other disciplines.
Through these presentations, attendees will learn how experienced practitioners and professionals have contributed to forensic science as a whole and
how their work has benefitted from and was helped by interdisciplinary combining of knowledge bases. With a rapid push for specialization within a
given discipline, it has remained vital for leaders in forensic science to remember the importance of cross-discipline collaboration and partnership.
Through this Special Session, forensic experts will provide mentorship to young forensic scientists by inspiring interdisciplinary cooperation in
casework, research, and community engagement.

Finally, in the spirit of interdisciplinary collaboration and to honor our commitment to improving and advancing communication, for the first time, the
YFSF is seeking to provide the opportunity to attendees to network with AAFS members and many others to encourage the sharing of information and
experiences. This year’s Special Session has been re-designed to incorporate a networking morning coffee break where all YFSF attendees and
distinguished members from the AAFS sections can meet, mingle, and have discussions. Further, the discussion and resume review panel has been
lengthened and will be enhanced by the addition of a speaker specifically addressing resumes and interview preparation, so don’t forget to update and
bring several copies of your resume with you!

YFSF, Research, Education
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Breakfast Seminars—2020

BS1  Ethno-Cultural and Religious Considerations in the Management of the Dead

Sakher J. AlQahtani, PhD*, College of Dentistry, Riyadh 11545, SAUDI ARABIA; James F. Goodrich, FFOMP*, Cambridge, Waikato 3496, NEW
ZEALAND; Amber D. Riley, MS*, San Diego, CA 92131

Learning Overview: After attending this presentation, attendees will have a greater knowledge of the ethics, customs, norms, and taboos surrounding
death and the dead for many minority cultures and religions within their professional and personal communities. This presentation will describe several
cultures and religions that forensic professionals may encounter in their jurisdictions, both in the United States and worldwide, along with each
respective approach to the management of their dead, based upon this better understanding.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by serving to assist the forensic
professional in overcoming some of the obstacles that are present when identifying, investigating, and examining a decedent that is a member of these
ethno-cultural communities.

Culture and religion profoundly influence many aspects of modern life. These factors also carry forward after death and may affect our management
of the deceased. It is recognized that increasing human migration across global geographical borders results in decedents sometimes being managed
within a culture and community that is foreign to them. Loved ones, family, and members of the integrated community of the deceased also bring
expectations, norms, and taboos to a forensic setting and these influences may at times increase the complexity of and even hinder the process of
examination, identification, and release of the dead. Although it is impossible to be intimately familiar with all religions and cultures, we as forensic
professionals should be educated and sensitive to the roles each may play in our respective areas of expertise while avoiding the risk of stereotyping
the deceased.

It is important to the process and to the outcome that the forensic professional understands not only the ethno-cultural and religious considerations
associated with the deceased, and other members of the affected community, but also their own, and how these may relate to the context and perhaps
to any biases that may be subsequently introduced. So, the complexity of the juxtaposition of different cultures and expectations may be multiplied in
a situation where the forensic practitioner is anything other than the ideal of absolute neutrality.

The interplay of the deceased’s culture and the forensic professional’s legal and ethical responsibilities can pose significant challenges when
experienced against a backdrop of factors including gender and acculturation, notably in cases in which there are multiple and/or commingled fatalities
being examined at one time in one spatial setting. Varied cultural and religious mores for managing the dead also dictate appropriate disclosures,
privacy, and communication with the relatives of the deceased. Some difficulties can, at least, be partially overcome with an understanding of these
sensitivities.

This presentation hopes to highlight many of the unique aspects of the belief systems and social constructs that may be encountered during the career
of a forensic professional in the context of the management of the dead and provide tools and a framework for increased sensitivity and understanding.
This, in turn, will provide an opportunity to allow the dignity and basic human rights of the deceased to perhaps be respected more fully.

Examples will be drawn from many cultural and religious backgrounds, including Islam, Judaism, Christianity, Hinduism, Buddhism, Native American,
Maori, and Pasifika peoples.

Religion, Culture, Management of the Dead
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Breakfast Seminars—2020

BS2  The Working Stiffs: Writing and Publishing the Experiences of a Forensic Pathologist in Both Fiction and
Non-Fiction

Judy Melinek, MD*, PathologyExpert, Inc, San Francisco, CA 94121; T.J. Mitchell, BA*, PathologyExpert Inc, San Francisco, CA 94121

Learning Overview: The goal of this presentation is to demonstrate how a collaboration between a scientist and a writer can effectuate the
communication of complex forensic concepts to a lay audience.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by helping attendees be able to
communicate scientific concepts to a lay audience, in writing and in testimony, and by navigating issues pertaining to the confidentiality of medical
information.

The thesis of this presentation is the importance of reflecting scientific rigor in writing both non-fiction and fiction for a lay audience. The challenges
of writing while continuing to testify as an expert witness in real-life criminal and civil court cases will be explored. In addition, the perpetual tension
between fiction and science—maintaining a balance between narrative demands and medical verisimilitude—will be discussed.

Journal writing can be an effective way of documenting what a scientist encounters in clinical detail. Other ways of tracking forensic cases include
spreadsheets and medical databases. In some offices, it is not uncommon to collect newspaper clippings of the deaths that are investigated and picked
up by the media and place them in the case file. However, newspaper accounts may not be accurate and examples will be presented of how eyewitness
statements and assumptions made by the police or death investigators can be found to be in error when the body is taken to autopsy. Writing and
documenting what a pathologist sees at the time of autopsy is crucial for clinical decision making and peer review, including review by outside experts.
Furthermore, taking written notes about one’s daily experiences and what one learns through those experiences can also become a psychological outlet:
away to “decompress” after a long day of working in extreme conditions, or a way to deal with the grief and anger of family members.1? Writing can
be a therapeutic exercise that supplements formal training in forensic pathology and should be encouraged in forensic fellowship training.

Working in an understaffed and underfunded environment can also put stress on the forensic team and may incubate intramural tension. Mass fatality
response, along with a backlog of routine cases delayed by ancillary lab studies, can add to the pressures pathologists experience. Journaling can help
forensic professionals deal with the stresses of the job, but non-disclosure agreements and privacy policies may restrict professional communication
and publication in a public forum. In academic writing, de-identification is used when sharing case reports, and this method can be used in writing non-
fiction for public consumption. Fictionalizing actual forensic cases can allow scientists with a way to explore the work they do and share their
experiences, both with other professionals and with the lay public.

A case report will be presented of a petty thief who stole a laptop and was chased down and shot dead in public by its owner. This case involved a
complex gunshot wound trajectory analysis and the collection of property as evidence. Forensic-noir mystery writers, such as Kathy Reichs, Patricia
Cornwell, and Jon Jefferson and Dr. William Bass, all of whom worked in various capacities in the forensic sciences professional discipline, inspired
this presentation to explore ways to educate the public about real-world forensic science through the use of a fictional narrative voice.

Reference(s):

L Susan Smith, Cay Anderson-Hanley, Adela Langrock, Bruce Compas.The effects of journaling for women with newly diagnosed breast cancer.
Psycho-Oncology: Journal of the Psychological, Social and Behavioral Dimensions of Cancer. 14 (12), 1075-1082, 2005.

2 Cognitive processing, disclosure, and health: Psychological and physiological mechanisms. Susan K Lutgendorf, Philip Ullrich. American
Psychological Association, 2002

3 Shannon L Arntfield, Kristen Slesar, Jennifer Dickson, Rita Charon. Narrative medicine as a means of training medical students toward residency
competencies.

Forensic, Pathology, Writing
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BS3  The Science Behind Traffic Accident Reconstruction With Real-World Crashes

Kurt D. Weiss, MS*, Case Study Collision Science, LLC, Santa Barbara, CA 93190; Darren Franck, MSME, Advanced Engineering Associates, Inc,
Charleston, WV 25304

Learning Overview: The goal of this presentation is to share with the forensic science community the data sources and detailed methodology used in
traffic collision reconstruction.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating through real-world
case studies the data used and methodologies applied to the reconstruction of traffic collisions.

An analysis of four real-world crashes will demonstrate the science behind traffic accident reconstruction. Reconstructing a crash is a multidisciplinary
process. The reconstructionist gathers objective and subjective information, performs case-specific research, then applies the fundamental principles
of physics to determine, for example, impact classifications, vehicle heading, impact configuration, impact (closing) speed, velocity change or Delta-
V (DV), rollover distance, roll count, and roll rate. The reconstruction results are important input to the injury analysis and the assessment of injury
patterns, risk, and prevention.

The primary information source is the Traffic Collision Report, which may provide: (1) objective party information (e.g., occupant and vehicle year,
make, model, Vehicle Identification Number (VIN)); (2) objective site information (location and roadway, intersection, and Global Positioning System
(GPS) details), scene diagrams with measurements of physical evidence (tire friction marks, fractured glass, roadway scrapes and gouges, scarred tree
bark, fractured signs or light posts, disturbed dirt and/or vegetation), point of impact and vehicle rest locations; (3) at-scene police photographs of site
evidence and vehicle damage; and (4) subjective information (e.g., party statements, vehicle code violations, police collision summary and primary
collision factor identifying party and cause).

Case-specific research may include: (1) at-scene witness photographs, which are often taken with cell phone cameras; these photographs are crucial
absent police photographic documentation of site and vehicle evidence; (2) security videos that help refine the analysis by providing objective evidence
of vehicle movements prior to and after the crash; (3) aerial photography from online image archives that orient and supplement scene diagrams; (4)
drive-through videos that provide a street view of the roadway and/or intersection; (5) site inspections that clarify roadways, controls, and obstacles;
(6) subject vehicle inspections with crush profile measurements that document property damage and reveal relative impact alignment or vehicle
movement; (7) Airbag Control Module (ACM) data that quantify pre-crash vehicle speeds and accelerations, and driver actions (e.g., swerving,
braking); (8) subjective information (e.g., witness statements and deposition testimony) that help qualify collision events and estimates of vehicle
speeds, distances, and movements; these sources may also provide prior useful site, vehicle, or occupant history; and (9) exemplar vehicle inspections,
scaled vehicle drawings, specifications, and crash test data that may be used to determine the collision severity.

An analysis of four real-world crashes demonstrate the science behind traffic accident reconstruction.

Case 1—fatal collision: vehicle crush measurements quantify collision severity.

Case 2—vehicle-motorcycle crash: download of ACM vyields pre-crash data.

Case 3—wrong-way, intoxicated driver in a high-speed crash: patrol car’s on-board video quantifies vehicle impact speeds.

Case 4—vehicle-motorcycle crash: stationary security videos quantify vehicle impact speeds.

Traffic Accident Reconstruction, Data Sources, Real-World Crashes
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Breakfast Seminars—2020

BS4 A Tour of a Cannabis Extract Manufacturing Facility in Maine

Jennifer A. Paris, BS*, New Hampshire State Police, Concord, NH 03305; Anna K. Weaver, BS, Concord, NH 03305

Learning Overview: After attending this presentation, attendees will have a better understanding of the operation of a small state-licensed and
inspected cannabis extract manufacturing facility.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by promoting an understanding of the
processes used to concentrate cannabinoids, how products are diluted, prepared, and packaged in order to comply with the relevant laws and regulations,
and may be helpful for attendees who are assisting in building a local or state jurisdiction’s medical or recreational marijuana program.

The state of Maine enacted a medical marijuana law after a citizen-led ballot initiative passed in November 1999. Since that point in time, multiple
amendments have been made to the statute following feedback from patients, caregivers, medical providers, and a specially developed task force.
Although a 2016 law was passed to allow for the recreational use of marijuana, and a 2017 law was passed concerning taxation and other regulations
surrounding recreational marijuana, the commercial sale of the plant and products made from it have not yet begun.

Today, Maine permits both growing and processing of marijuana by individuals holding a medical card (i.e., “patients”). In addition, patients and
caregivers are allowed to use a third-party manufacturing facility to convert their harvested marijuana or hemp into concentrated forms. These facilities
are registered, inspected, and licensed by the state of Maine. Patients and caregivers are expected to adhere to strict procedures regarding site safety
and security, the quantity and type of plants on site, the quantity of harvested product on site, the use of “inherently hazardous substances,” and the
disposal of waste materials, among other standards.

This presentation will briefly cover the regulations in place for Maine’s program, then focus on the specifics with respect to a small, registered
manufacturing facility. Chemists from the New Hampshire State Police Forensic Laboratory were given the opportunity to tour one such facility in the
summer of 2019 while extractions were in progress. This cannabis extract manufacturing facility employs super critical carbon dioxide processing of
harvested marijuana and/or flowering hemp grown by patients or their caregivers to produce highly purified concentrates devoid of terpenes. In addition,
the facility was equipped with a closed-loop extraction system to produce butane honey oil, shatter, and “diamonds.” Discussions regarding purity,
concentration, cannabinoid profiles, and all aspects of the operation, including the evolution of the facility’s practices over time, took place with the
owner/operator of the facility. Attendees will be shown the outdoor grow area, extraction and purification processes, preparation of food products, and
product packaging materials at the visited facility.

Given the increased number of states where cannabis products are legal for medical or recreational use, it is important for those involved in the analysis
of seized drugs to have an understanding of the processes used to concentrate cannabinoids from harvested marijuana and flowering hemp. Furthermore,
it is helpful to be familiar with how products must be diluted, prepared, and packaged in order to comply with relevant laws and regulations.

Cannabis, Extract, Manufacturing
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BS5  Practical Aspects of Developing and Incorporating a Postmortem Computed Tomography (PMCT) Service
Into a Medical Examiner’s Office

Lauren Edelman, MD*, Travis County Medical Examiner, Austin, TX 78724; Keith Pinckard, MD, PhD, Travis County Medical Examiner, Austin,
Austin, TX 78724

Learning Overview: After attending this presentation, attendees will understand the concepts and considerations involved in incorporating PMCT into
the practice of a medium-sized, regional medical examiner’s office, including staffing, scanning protocols, triage of cases, study interpretation, and
novel and alternative data storage solutions. Developing and incorporating a PMCT service is a complex project, with broad implications for many
aspects of an individual office.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a framework and blueprint
that can be used to incorporate and implement this burgeoning technology within the scope of death investigation for medical examiner’s and coroner’s
offices.

The services of a consultant were engaged as part of the budget request associated with purchasing a Computed Tomography (CT) scanner. The
consultant provided guidance for technical and structural considerations critical for drafting the purchasing bid documents and review of the bids for
the purchase of the CT scanner and associated equipment. After installation by the vendor, the consultant also provided the basic scanning protocols
that are programmed into the scanner for ease of use and include protocols for standard adult, bariatric, pediatric, charred remains, skeletal remains,
and decomposed remains. This is a key component, since standard protocols that are provided by CT scanner vendors are designed for clinically based
studies on living patients.

As part of the purchasing contract, forensic autopsy technicians, none of whom had formal radiology technology training, received in-person instruction
in the practical aspects of operating the equipment. Performing the scans with the appropriate protocols requires minimal direct management by the
forensic autopsy technicians. Once the protocols are in place and validated, scanning proved to be relatively simple and straightforward. Scanning is
performed during routine working hours on a rolling basis as decedents are brought into the office; scans are completed prior to the processing and
external examination of the body. All decedents who are physically capable of fitting into the CT scanner are imaged. The rationale for this is two-fold.
First, scanning every decedent as a matter of routine may guide how the pathologist approaches the case. Second, scanning creates a permanent 3D
radiographic record of the body that can be reviewed long after the body has been permanently altered by autopsy.

The scans are reviewed and interpreted by the forensic pathologists as a group during a morning conference prior to performing examinations and again
individually when medical examiner reports are written. The medical examiners in the office received training in CT interpretation by two physicians
with prior PMCT experience who were already on staff. The learning curve of CT interpretation is very steep; familiarity with visualizing cross-
sectional anatomy in three dimensions simultaneously comes surprising quickly. Furthermore, because all decedents are scanned, each pathologist gets
immediate feedback by comparing autopsy findings to what was observed on the scans—a practice that rapidly builds interpretive skills and confidence.
Once the medical examiner staff is comfortable with reading CT scans, decisions can be made regarding which types of cases may be able to be
supplanted by PMCT.

A novel cloud-based storage and image-viewing software solution was purchased rather than a traditional Picture Archiving and Communication
System (PACS). It has virtually identical capabilities, including permanent long-term storage with system redundancy, at a fraction of the cost of a
standard PACS solution. Per this research, PACS is a vastly more sophisticated and ultimately far more expensive solution than what is actually required
for death investigation purposes. For offices affiliated with medical centers, it may be possible and cost-effective to “partner” and obtain a node on a
hospital’s PACS. However, offices without this benefit have struggled to devise a system tailored to the unique needs of death investigation without
the associated burdensome cost of a PACS—a cost factor that may deter an office from obtaining PMCT capability altogether. Per this research, this
is the first office to pilot and utilize this type of storage and viewing solution.

As more death investigation offices around the country begin to integrate CT imaging as part of the physician’s toolkit, it is critical to share operating
procedures and innovative solutions to common problems to assist others in participating in this exciting advancement in the field of forensic pathology.

Postmortem Imaging, Computed Tomography, PACS
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BS6 Is a Soldier’s Combat Stress a Reason to Commit Five Murders?

T.L. Williams, MFS*, Fredericksburg, VA 22406-8446; Phillip M. Curran, MFS*, United States Army Criminal Investigation Command, Quantico,
VA 22134; Celia M. Gallo, MFS*, United States Army Criminal Investigation Command, Quantico, VA 22134; Rick Malone, MD*, N5 Forensic
Behavioral Science, LLC, Woodbridge, VA 22191; Angel L. Miles, MA*, United States Army Criminal Investigation Command, Fayetteville,
NC 28314

Learning Overview: After attending this presentation, attendees will have a better understanding of locating, identifying, and collecting evidence and
the documentation of the crime scene associated with a mass casualty investigation. Attendees will also be aware of the policies and procedures for
conducting a crime scene investigation (timeliness, thoroughness, and timely reporting) and casualty liaison briefings provided to the primary and
secondary next-of-kin. This presentation will also enable attendees to understand how the psychological evaluation of the subject may or may not have
affected the outcome of the trial by court-martial and the results of the court-martial.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that a mass casualty
investigation must be conducted in a timely and thorough manner in order to provide the court with the best evidence for conviction. The psychological
evaluation will assist in determining if the subject was mentally responsible, and, if so, whether he should receive life with or without parole or the
death penalty.

SGT John M. Russell had been seen at the Combat Stress Center (CSC), Camp Liberty, Irag, on three separate occasions and had a noon appointment
on May 11, 2009. At approximately 1:41 p.m., on May 11, 2009, the United States Army Criminal Investigation Command (CID) was notified of the
shooting of several personnel inside the CSC. The investigation revealed that at approximately 12:30 p.m. on May 11, 2009, SGT Russell, Camp
Stryker, Iraq, entered the CSC and methodically shot and killed five United States Service Members (a Navy Commander and an Army Major, a
Sergeant, and two Private First Classes). SGT Russell was also listed for the offense of attempted murder and aggravated assault when he fired at two
soldiers and missed. The Navy Commander was the only victim known to SGT Russell. SGT Russell, who did not have a weapon, gained possession
of his escort’s weapon (an M16 rifle), ordered his escort from the vehicle, then drove back to the CSC where he opened fire on unarmed personnel.
Due to the regulatory requirements, all soldiers were required to carry their assigned weapons at all times in the combat environment on most camps;
the only exception was a medical facility. Soldiers entering the CSC were required to place their weapons in an arms room while being treated; therefore,
all soldiers in the Combat Stress Center were unarmed and vulnerable. SGT Russell was subsequently disarmed and placed under apprehension.

More than 28 CID special agents in Iraq were involved in processing the crime scene and interviewing the victims, witnesses and subjects. More CID
special agents around the world were involved in the autopsies, background investigation of the subject, and developing information for the court-
martial. The preliminary crime scene reconstruction took about one week (the crime scene was maintained for many years, until it had to be bulldozed).
The special agents conducted bloodstain spatter analysis, ballistic reconstruction, and a plethora of other forensic analyses of the five separate areas
where the victims were murdered.

SGT Russell was evaluated and determined not mentally competent to stand trial, so SGT Russell was placed in a mental health facility where he was
evaluated for approximately four years. During this time, he was seen by several mental health professionals, questioned to determine his mental status,
and medicated until he was considered restored to competency and returned to military custody.

On May 15, 2012, prosecutors decided to seek the death penalty and SGT Russell’s defense stated he would pursue an insanity defense. On May 18,
2012, I Corps, Joint Base Lewis-McChord (JBLM) released the General Court-Martial Convening Authority (GCMCA) findings. The GCMCA referred
court-martial charges against SGT Russell to a General Court-Martial empowered to adjudge a capital sentence.

During the court-martial proceedings, the defense blamed the combat mental health professionals for SGT Russell’s actions and indicated that they
could have prevented this mass casualty. SGT Russell was subsequently found guilty and on May 16, 2013; an Army judge sentenced SGT Russell to
life without the possibility of parole for the shooting death of two care providers, two patients, and an escort. The judge stated “You are not a monster,
but you have knowingly and deliberately done incredibly monstrous things.”

Murder, Investigation, Stress
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L1 The Disappearance and Murder of Sierra LaMar: A Multidisciplinary Case Study

Melissa A. Dupée, MSFS*, Santa Clara County Crime Laboratory, San Jose, CA 95110; Michelle L. Bell, BA*, San Jose, CA 95110

Learning Overview: The goal of this presentation is to inform attendees of a complex homicide investigation that was heavily fueled by physical
evidence examinations, including DNA, trace evidence, digital and video evidence, latent prints, and questioned documents.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by showcasing the ability for multiple
forensic disciplines to work together to achieve the maximum potential of the evidence items submitted in a missing person case turned homicide.

Fifteen-year-old Sierra LaMar left her Morgan Hill, CA, home on March 16, 2012, but never made it to school. Her school bag, containing the clothes
she’d been wearing the day she disappeared, and her discarded cell phone were found a short time later. Thus began an investigation that utilized
multiple crime lab disciplines, culminating in a months-long 2017 trial that found Antolin Garcia Torres guilty of kidnap and murder, even though
Sierra’s body has never been found.

DNA was instrumental in identifying a suspect. Biological evidence found on Sierra’s clothes matched to Garcia Torres in the Combined DNA Index
System (CODIS), and a later search of his vehicle yielded additional evidence. The DNA testing for this case, much of which was developed in the
first few days following Sierra’s disappearance, utilized a plethora of DNA techniques and resulted in a variety of conclusions, each of which required
a different type of statistical analysis, including mixtures, paternity testing, and Y-chromosomal Short Tandem Repeats (Y-STRS).

Trace evidence played a big part in this case. The trace evidence analyses required travel to assorted sites in Morgan Hill to collect comparison samples
for testing. Examinations of Sierra’s clothing and Garcia Torres’” vehicle revealed various types of trace evidence, including hair, fibers, glass beads,
soil, botanicals, and insect parts. Extensive examinations were performed on Sierra’s cell phone, which had turned on and off several times following
her disappearance. This prompted a visit to the Samsung® facility in South Korea by an investigator involved in the case.

Questioned documents examination was performed when a notebook of Sierra’s was discovered at school, with notes written in it suggesting she was
thinking of running away. Video evidence was paramount in this case. At the beginning of the investigation, video evidence from near the school bus
stop and from the school bus itself was reviewed to see if Sierra had made it that far that morning. Later, video from the parking lot of the defendant’s
home and from his transactions at a bank were converted to a format that could be more easily viewed in court. In addition, video showed the defendant
a few nights before Sierra’s disappearance purchasing only a gallon of bleach and a turkey baster—a strange purchase for a
21-year-old male to be making by himself at night.

Prior to the abduction of Sierra, there were multiple attempted kidnappings in Morgan Hill. Investigators, interested to see if they could somehow link
these attacks to Sierra’s disappearance, requested that a Taser®, left at one of the scenes by the perpetrator, be processed for latent prints. A latent
fingerprint was developed on the battery of the Taser® and was identified as Antolin Garcia Torres’ print. Therefore, these attempted kidnappings
became a part of the Sierra LaMar trial, showing that the defendant had a history of attacking women, and he was found guilty of these crimes as well.
The work conducted by all these forensic disciplines in conjunction helped find a suspect, connected him to other crimes, and put to rest several defense
theories. Antolin Garcia Torres was sentenced to life in prison without the possibility of parole.

Multidisciplinary, DNA/CODIS Hit, Trace Evidence
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L2 Fingerprinting the Brain: Mind, Memories, and Malingering

Charles Scott*, University of California, Davis School of Medicine, Sacramento, CA 95817; Jorien Campbell, MD*, University of California, Davis
Medical Center, Sacramento, CA 95817; Gary Ciuffetelli, MD*, University of California, Davis Medical Center, Sacramento, CA 95817; Ambarin
Faizi, DO*, University of California, Davis Medical Center, Sacramento, CA 95817; Bethany Hughes*, University of California, Davis Medical Center,
Sacramento, CA 95817

Learning Overview: After attending this presentation, attendees will better understand the role of brain fingerprinting to detect concealed information
in forensic criminal cases.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by informing the competence of attendees
through increasing the ability to interpret an emerging scientific method used to detect concealed information stored in the brain via the use of
Electroencephalographic (EEG) brain responses/brainwaves.

Between 10% and 70% of criminal defendants claim crime-related amnesia; there is limited published literature on objective assessments of memory
loss in a criminal setting. Interview techniques combined with psychological testing have been developed to assess possible malingering of memory
loss. Investigators have long sought a reliable means of detecting deception. The Guilty Knowledge Test (GKT) is an early predecessor to brain
fingerprinting and measures the individual’s autonomic response to information known or not known about a crime.!

Recently, brain fingerprinting techniques using brain wave response have emerged as a scientific method to detect potentially concealed information
stored in the brain. Brain fingerprinting techniques measure EEG brain responses/brainwaves and compute a determination of “information present”
(the subject knows the critical information) or “information absent” (the subject does not).t According to this theory, if the individual is familiar with
the information presented, a P300 brainwave is emitted and measured by an EEG.?

Dr. Farwell reports that in more than 200 test cases, brain fingerprinting yielded a 100% accuracy rate with a 0% error rate in distinguishing those who
possessed specific target knowledge from those who did not.! As an example, in an experiment on 17 Federal Bureau of Investigation (FBI) agents,
analysis using this P-300 brain fingerprinting technique yielded a 100% identification rate of FBI agents with FBI-relevant knowledge.! Dr. Farwell
has coined the term “Farwell Brain Fingerprinting” (FBF) that he proposes has the ability to detect concealed information.!

The application of this FBF technique to forensic criminal cases was highlighted in the 2003 case of Harrington v. State.® Terry Harrington sought to
overturn his 1978 murder conviction on several grounds, including new evidence in the form of FBF that was not available at his original trial. Dr.
Farwell administered his test to Mr. Harrington and rendered a report to the lowa District Court analyzing Mr. Harrington’s responses to information
about the crime. Dr. Farwell asserted that his analyses supported Mr. Harrington’s assertion that he was not guilty and, therefore, it should be allowed
into evidence to help overturn his conviction. In contrast, the district attorney challenged these results, noting several factors that could have impacted
the FBF outcome. The panel will review how the admissibility of this newly emerging FBF technique was addressed by the district and appellate courts
and its impact, if any, on the legal outcome of Mr. Harrington.* The strengths and limitations of this approach will be discussed and admissibility under
the Daubert standard will be highlighted.

Reference(s):

L Farwall L.A. Brain fingerprinting: a comprehensive tutorial review of detection of concealed information with event-related brain potentials. Cogn
Neurodyn 6:115-154, 2012.

2 Farwall L.A., Richardson D.C.; Richardson G.M. Brain fingerprinting field studies comparing P300-MERMER and P300 brainwave responses in
the detection of concealed information. Cogn Neurdyn 7:263-299.

3 Harrington V. State, 659 N.W. 2d 509 (lowa; 2003).

4 Farwell L.A., Makeig T.H. Farwell brain fingerprinting in the case of Harrington v. State. Indiana State Bar Assoc., Open Court X [10]:3, 7-10,
2005.

Brain Fingerprinting, Lie Detection, Malingering
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ES1  Dracula, Twilight, and Blood Cults: Why Is It That Vampires Never Die?

Corina Freitas, MD*, Syracuse, NY 13202; George D. Annas, MD*, State University of New York Upstate Medical University, Syracuse, NY 13202;
Jarrod A. Marks, MD*, Tufts Medical Center, Boston, MA 02111

Learning Overview: After attending this presentations, attendees will: (1) gain knowledge in the historical, medical, and psychoanalytic theories
behind vampire beliefs; (2) advance skills regarding the manner in which “vampirism,” “vampire cults,” and “vampire communities” may present
clinically and forensically; and (3) improve knowledge in historical reports of sadistic mass murder that may have contributed to vampire lore.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by increasing the existing knowledge of
the fundamentals of the current field and thus improve forensic competence and performance.

From the ancient world to the present, vampires have held a tight grip on our fascination and fear and this has yet to be released. Traces of the legend
are found in some of the oldest surviving mythologies and have spilled over into history and lore. Such mythology associated vampires with female
figures representing potential destruction and with children in a state of dependency and helplessness. Similar beliefs are traced to ancient cultures
across the globe, often depicting demonic female figures who fused relationships between the living and the dead, expressed through blood rituals as
well as sexualized and aggressive exchanges.!

However, it was Bram Stoker who introduced us to the great Dracula in the late 19" century, and it was this quintessential Byronic hero who fathered
countless other characters. From the monstrous presentations of Nosferatu, and Underworld’s Markus, to the charming Lestat and adorable sparkly
Edward, and everything in between, our fascination with Dracula and his ever-evolving progeny shows no signs of decay.

In the modern era, some vampires have been transformed from evil beasts to misunderstood, and ostracized, supernatural heroes.? With this change,
some of their ideologies went from that of those cursed with turmoiled “un-deadness” to those having (and sometimes offering) immortality; from
forced isolation to offering a new community; from subhuman viciousness to displaying animal traits that convey energy and natural instincts. Flaunting
the appeal of the aristocrat or outlaw and inciting adventure at once terrifying and safe, the vampires in these stories have “evolved” into uncannily
irresistible figures.® What is it that so intrigues us about them? This presentation will lead us on a journey where we can explore this fascination via
culture and psychoanalytic theory, as well as historical figures purported to have inspired the legend—tales of which include sadism and mass murder
eclipsing any terror found in fiction.

Also discussed will be cases from the early 1800s where the misperception of infectious illness caused mass hysteria, leading to the belief that the dead
were rising from their graves and literally sucking vitality out of the living. This hysteria ultimately culminated in the cannibalistic rituals of the recently
deceased to stop the dead from harming the living. However, such a ritual has been documented as recently as 2003, proving that these seemingly old
beliefs from a forgotten time of darkness and irrational superstition for some reason draw appeal to this day.

Indeed, we are far from immune to such seeming madness. Modern vampire “cults” tragically show us how an obsession with these creatures can go
too far. What drives such people into these alternate realities? Mental illness? Sadism? Or is there more complexity to these stories? Perhaps we will
never know, but one thing is certain: while legends postulate many ways that vampires may be killed, time has proven that they will, indeed, live
forever.

Reference(s):

L Jaffe, P.D. and F. DiCataldo. Clinical Vampirism: Blending Myth and Reality. Bulletin of the American Academy of Psychiatry and the Law 22,
no. 4 (1994): 533-44.

2 Melton, J. Gordon and Alysa Hornick. The Vampire in Folklore, History, Literature, Film and Television: A Comprehensive Bibliography.
Jefferson: McFarland & Company, Publishers, 2015.

3 Bosky, Bernadette Lynn. Making the Implicit, Explicit: Vampire Erotica and Pornography. In The Blood Is the Life: Vampires in Literature.
Edited by Heldreth, Leonard G. and Mary Pharr. Bowling Green, OH: Bowling Green State University Popular Press, 1999.

Mass Murder, Blood Cults, Vampire
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w1 Drug Delivery Homicide: Prosecution, Defense, and Expert Testimony

Barry K. Logan, PhD*, NMS Labs, Willow Grove, PA 19090; MJ Menendez, JD*, NMS Labs, Horsham, PA 19044-2208; Gregory G. Davis, MD*,
Jefferson County Medical Examiner’s Office, Birmingham, AL 35233-1601; Michael J. Hunter, JD*, Department of Justice Organized Crime Drug
Enforcement Task Force, Columbus, OH 43215; Christopher Young, JD*, Dallas County Public Defender’s Office, Dallas, TX 75207

Learning Overview: The goals of this presentation are to: (1) discuss the theories of prosecution and defense under “drug-delivery-resulting-in-death”
statutes and sentencing; (2) describe and explain the nuances of the Supreme Court of the United States (SCOTUS) decision in Burrage v. United
States; (3) analyze the strengths and weaknesses of fact patterns drug-delivery-resulting-in-death cases; (4) identify and articulate the limitations of
toxicological and medical testimony in these cases; and (5) prepare for testimony and direct and cross-examination in drug-delivery-resulting-in-death
cases.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing background on the legal
challenges for charging, defending, or providing opinions and testimony in cases in which an individual’s death is alleged to have resulted from another
individuals actions in supplying the drugs that caused the death. Prosecutors, defense attorneys, and testifying experts will be better prepared to provide
scientifically supported evidence in the appropriate context to triers of fact in these cases.

With the advent of the opioid crisis, in addition to traditional prosecutions for drug possession and trafficking, there has been an increasing move
toward prosecuting specific individuals who obtained or procured the drugs used by a decedent proximate to the time of their death for drug delivery
resulting in death, also known as drug delivery homicide, and “but-for” causation. In addition, under federal law, in large-scale drug trafficking cases,
drug distributors, or purveyors, including prescribing physicians in “pill mill” cases, members of transnational organized crime groups and illegal drug
distribution syndicates, are liable for significant enhanced penalties including 20-year mandatory minimum sentences if deaths resulted as a direct
result of their involvement in the distribution of their product.

In 2014, the United States Supreme Court handed down Burrage v. United States, which constitutes prevailing authority on the standard of causation
required for imposition of the federal sentencing enhancement. The court focused on the specific text found in 21 U.S.C. § 841(b), the federal law
requiring heightened sentences for drug sales causing death or serious bodily injury. In a unanimous decision, the Court ruled that a defendant cannot
be held liable under the penalty enhancement provision of the Federal Controlled Substances Act unless a “but-for” cause of death or injury is
established due to the distribution of a particular drug or drugs. The Court also held that the federal sentencing enhancement applies when it is proven
beyond a reasonable doubt that the drug or drugs distributed by the defendant are “an independently sufficient cause of the victim's death or serious
bodily injury.” The opinion states that the Government does not have to prove that the drug/drugs were the only cause of the decedent’s death; but it
must have been “the straw that broke the camel’s back.”

The Burrage opinion has engendered differential interpretations in lower federal and state courts, which has resulted in corresponding ambiguities and
incertitude among the scientific community called to testify in such cases. Among the challenges of presenting this evidence is the fact that many of
these cases involve deaths of individuals who have been using multiple drugs that may or may not have come from the same supplier, and the timing
of ingestion of the specific substances, the decedent’s potential tolerance to the effects of the drug, and other factors are unknown.

This workshop will review the underlying Federal and corresponding state statutes that address these issues and how cases are being charged and
prosecuted. The complex nature of certification of drug-related deaths, especially in the context of multiple mixed drugs being detected in the
toxicological analysis, will be reviewed. Some exemplar case scenarios, and identifying key corroborating elements of physical evidence scene
investigation, medical history, or eyewitness testimony that may weaken or strengthen the introduction of expert testimony will also be reviewed.

The expert panel will provide perspectives on the nuances of the terms “independently sufficient cause,” “resulting from,” “but-for causation,” and the
interpretation of the “straw the broke the camel’s back” analogy from both a legal and an applied science perspective. This presentation will lead the
attendees to appreciate that the importance of the evidence that supports or undermines confidence in the expression of these scientific opinions in the
context of charging, prosecuting, defending, testifying, and achieving just sentences in cases of this type.

Reference(s):
L Burrage v. United States e, 571 U.S. 134 S. Ct. 881 (2014)

Drug Delivery Homicide, But-For Drug Death Causation, Drug Delivery Resulting in Death
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W2  Statistical Learning Algorithms for Forensic Scientists

Alicia L. Carriquiry, PhD*, Center for Statistics and Applications in Forensic Evidence, lowa State University, Ames, 1A 50011; Heike Hofmann, PhD*, Center for
Statistics and Applications in Forensic Evidence, lowa State University, Ames, IA 50011; Michael J. Salyards, PhD*, Compass Scientific Consulting LLC,
Sharpsburg, GA 30277; Robert M. Thompson, MFS, National Institute of Standards and Technology, Gaithersburg, MD 20899

Learning Overview: The goals of this workshop are to: (1) introduce attendees to the basics of supervised learning algorithms in the context of forensic
applications, including firearms and footwear examination and trace evidence, while placing emphasis on classification trees, random forests, and, time
permitting, neural networks; (2) introduce the concept of a similarity score to quantify the similarity between two items; (3) show how learning
algorithms can be trained to classify objects into pre-determined classes; (4) discuss limitations of Machine Learning (ML) algorithms and introduce
methods for assessing their performance; and (5) discuss the concept of a Score-based Likelihood Ratio (SLR): computation, advantages, and
limitations.

Impact on the Forensic Science Community: The use of learning algorithms will increase as measurement of features in various types of evidence
improve. This is particularly true in the case of pattern evidence. Forensic scientists will greatly benefit from understanding the basic ideas that underpin
statistical learning since these types of methods have already been proposed for firearms examination, fingerprints, glass comparison, and shoe print
evidence.l?> Most quantitative training for forensic scientists emphasize classical statistical ideas, so a workshop in which forensic practitioners are
exposed to learning algorithms is novel and timely.

When a task consists of deciding whether two items are similar enough to suggest that they could have a common source, an alternative approach is to
use statistical or machine learning. Machine learning is the term used to refer to a family of statistical methods and computer algorithms that find
patterns in data and has been around for decades.® There are many different types of algorithms, but a basic taxonomy is to distinguish between
supervised learning algorithms and unsupervised learning algorithms.* The focus of this presentation is on supervised learning methods.

Supervised algorithms rely on training data, for which ground truth is known, and on test data, on which the performance of the algorithm can be tested.
In a simple example, several bullets are fired from a large number of guns. To train an algorithm to recognize whether a pair of bullets was fired from
the same or from a different gun, one might begin by creating all possible pairs of bullets, and compute, for example, the difference in the average
striation depth for each pair. This difference is a feature, and perhaps it takes on low values when two bullets were fired from the same gun and high
values otherwise. Presented with the value of the feature for pairs of bullets known to have been fired from the same or from different guns, the
algorithm then “learns” that same-gun bullets tend to exhibit values of the feature in a certain range that is different for different-gun bullets. With this
knowledge, the algorithm can then classify other pairs of bullets for which it does not know in advance whether the bullets were shot from the same or
from a different gun.®

In real applications, the number of features can be very large, and the number of classes can also be large. In classification examples, the response
variable—or class—is discrete, but algorithms can also be used when the response is continuous; in this case, the problem is to predict the value of a
variable given information on a large number of features.

Reference(s):

L Park, Soyoung, and Alicia Carriquiry. Learning algorithms to evaluate forensic glass evidence. The Annals of Applied Statistic., 13 (2019): 1068-
1080.

2 Park, Soyoung, and Alicia Carriquiry. Comparing 2D images using SURF and graph theory. Submitted.

3 Burkov, Anatoliy. The Hundred-Page Machine Learning Book. Self-published, 2019.

4 Efron, Bradley, and Hastie, Trevor. Computer Age Statistical Inference: Algorithms, Evidence and Data Science. New York: Cambridge
University Press. 2016.

5 Hare, Eric, Heike Hofmann, and Alicia Carriquiry. Automatic matching of bullet land engraving. The Annals of Applied Statistics. 11 (2017):
2332-2344.

Machine Learning, Algorithms, Similarity Score
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W3 Recent Advances in Understanding Fire Pattern Production

John J. Lentini, BA*, Scientific Fire Analysis, LLC, Islamorada, FL 33036; Douglas J. Carpenter, MS*, Combustion Science & Engineering, Inc,
Columbia, MD 21045; Daniel Madrzykowski, PhD*, UL Firefighter Safety Research Institute, Columbia, MD 21045-5887

CANCELED
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W4 The Impact of the 2018 Farm Bill on the Forensic Analysis of Cannabis

Sandra E. Rodriguez-Cruz, PhD*, Drug Enforcement Administration, Dulles, VA 20166; Linda C. Jackson, MS*, Department of Forensic Science,
Richmond, VA 23219; Shawn K. West, MSFS*, Colorado Bureau of Investigation, Pueblo, CO 81007; Richard P. Meyers, MSFS*, Drug Enforcement
Administration, Springfield, VA 22152

Learning Overview: After attending this presentation, attendees will understand the legal and forensic landscape of marihuana/hemp analysis and also
understand a validated analytical approach that meets these new requirements.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a framework for meeting
the forensic requirements of the 2018 Farm Bill.

In December 2018, the President of the United States signed into law the Agriculture Improvement Act of 2018 (Farm Bill). This law introduced two
significant changes to our drug laws. First, the term “hemp” was defined as, “the plant Cannabis sativa L. and any part of that plant, including the seeds
thereof and all derivatives, extracts, cannabinoids, isomers, acids, salts, and salts of isomers, whether growing or not, with a delta-9
Tetrahydrocannabinol (THC) concentration of not more than 0.3 percent on a dry weight basis.” Second, the law excluded the term hemp from the
definition of marihuana in the Controlled Substances Act. In response to the changes at the federal level, states have enacted their own varied legislation
to allow for hemp cultivation and processing and the sale of hemp products. This also led to additional analytical challenges for the states.

This workshop will provide an overview of changes in the law, describe an analytical approach to providing reliable results that conform to the new
legal requirements, and provide an overview of the work conducted to validate the methods incorporated into the analytical approach. State laboratory
managers will describe their varying approaches to meeting these new challenges from a state that had legalized marijuana prior to changes in federal
law and a state that had not.

Analytical testing requirements of suspected cannabis submissions to seized-drug laboratories have changed. Formerly used testing protocols—
analytical schemes—included tests such as macro/microscopical analysis, the Duquenois-Levine color test, and separation analyses like thin-layer- Gas
Chromatography/Flame lonization Detector (GC/FID) and Gas Chromatography/Mass Spectrometry (GC/MS). These testing procedures allowed for
the identification of cannabis, but they are no longer sufficient to distinguish between marihuana and hemp because of the new requirement to
quantitatively analyze the sample and assess the THC content (the quantitative property that separates hemp from marijuana).

To address the new legal requirements, Drug Enforcement Administration (DEA) scientists developed a new testing protocol. The new analytical
scheme includes macro/microscopical analysis (to identify cannabis plant material), a cannabis typification color test (to assess the ratio of THC to
Cannabidiol (CBD)), and GC/MS (to identify THC and assess THC concentration at the 1% level). This workshop will guide attendees through the
background and design of this new testing protocol, including the method development and validation and implementation processes, as well as revised
reporting language.

Additionally, scientists from the Virginia Department of Forensic Science, where marijuana has not been legalized, collaborated with the Drug
Enforcement Administration (DEA) in the development and validation phases of the project. Validation studies were performed on the
4-aminophenol color test with a variety of concentration combinations of CBD reference materials and their acids, as well as non-controlled substances.
The DEA 1% assessment method was further evaluated to include GC/MS instruments with a second chromatographic column and FID. This allows
comparisons of peak height and peak area data from both detectors.

In Colorado, recreational marijuana and hemp were allowed by legislation passed in 2012, known as Amendment 64. As scientists considered the draft
of the 2018 Farm Bill, the Colorado Bureau of Investigation selected an instrument and developed and validated a method to quantify THC in plant
materials. This workshop will describe the process and the many lessons learned in the evolving area of forensic analysis.

Marijuana, Hemp, Forensic Analysis
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W5  The Psychopathology of Homicide

Alan R. Felthous, MD*, Saint Louis University School of Medicine, St. Louis, MO 63104-1027; Felice F. Carabellese, MD*, University of Bari, Bari 70124,
ITALY; Giancarlo Di Vella, MD, PhD*, University of Torino, Department Public Health Sciences, Torino 10126, ITALY; Carlo P. Campobasso, MD, PhD¥*,
University of Campania, Napoli 80138, ITALY; Gabriele Mandarelli, MD, PhD*, University of Rome ““Sapienza,” Rome 00100, ITALY; llaria Rossetto, PhD*,
Residences for Execution Safety Measures, Castiglione delle Stiviere 46043, ITALY; Silvia Trotta*, Institute of Legal Medicine, Bari 70124, ITALY

Learning Overview: After attending this presentation, attendees will better understand the relationship between psychopathology and the phenomenon of homicide.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how the identification of the features
of psychopathology of homicide can inform treatment planning.

Introduction: Homicide is the most serious form of antisocial behavior. Despite its personal, social, and economic impact, homicide is among the least studied
comprehensible forms of antisocial and violent behavior. The relationship between major psychiatric disorders and homicides has been much debated in the scientific
literature.1* Although it is known that most extreme violent acts are committed by subjects without any history of psychiatric pathology, some research suggests
there is a correlation between schizophrenia spectrum disorders, severe personality disorders, and homicide.>*

The homicides associated with a psychotic dimension present specific characteristics.® The relationship between the murderous ability to plan an antisocial act does
not necessarily exclude a possible diagnosis of schizophrenia. Even more controversial is the relationship between the psychopathic dimension and homicide.
Psychopathic homicides are usually goal-oriented. A non-psychopathic murderer usually commits a crime with a different type of violence, often as a result of
frustration. Moreover, some gender differences can also be observed in the homicide phenomenon, whether the murder is committed by an offender affected by a
psychotic disorder or is committed by a man or a woman with a psychopathic personality profile. Besides the diagnosis, it is important to point out that usually
women express this antisocial behavior in a different way compared to men.2

In homicide, suspected homicide, and other suspicious or obscure cases, the role of an experienced forensic pathologist at the scene of death is generally to assess
the environment, the local circumstances, and the position and the condition of the body.>” Homicide grows out of a transaction between individuals, which is a
product of the individuals and their relationship. Behaviors can thus be seen to follow a definite pattern that can be related to underlying psychological principles,
which closely relate to how an offender interacts with the victim at the crime scene.®°

Homicide can occur together with suicide in the same episode. An earlier classification of combined homicide-suicide, which considered the perpetrator’s
psychopathology and relationship with the victim(s) will be updated to incorporate recent studies. Individual acts of homicide-suicide can be understood by
considering three contributing factors: (1) ego weaknesses or psychopathology of the perpetrator, (2) stressors, and (3) the psychological vector directing this specific
act. Studied attention will be given to female homicide-suicide perpetrators and gender differences. Within this context will be considered homicide-suicide terrorists
and female bombers in particular.

In the light of these premises, it can be understood how the forensic expert evaluation of the criminal responsibility of murder defendants presents specific difficulties,
as well as having a significant impact in the criminal trial. Crime scene investigation requires a multidisciplinary approach by an expert team in order to shed light
on difficult cases, such as murders staged as suicides or accidents.

This workshop’s speakers will debate from different point of views the scenarios outlined above. The psychopathology of men and women who Kkill;
psychopathology of men and women of criminal organizations, such as the Sicilian mafia; combined homicide suicide; the Not Guilty by Reason of Insanity (NGRI)
killers—a national sample; forensic psychiatric evaluation of defendants in homicide cases—literature analysis and forensic cases; and treatment outcomes following
a conviction of killing. Several general pathologists will speak on topics that pertain to the killer’s mental state from the perspective of forensic pathology and
investigation of homicide. The criminological and psychiatric data from a multicenter national Italian sample of forensic psychiatric patients will be also discussed.

Conclusions: The main purpose of this workshop is to highlight the pathological aspects of homicide: attendees will acquire information about the psychopathology
of homicide from the different presentations, in which there will be an opportunity to describe the history of the disease, the treatment, the outcomes, and the criminal
history of individuals who committed the crime of murder without mental responsibility because of their psychiatric illness. The speakers with different professional
experiences will include in their presentations original data from recent not-yet-published investigations.
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W6 High-Impact Practices in Forensic Science Education

Gina Londino-Smolar, MS*, Indiana University—Purdue University Indianapolis, Indianapolis, IN 46202; Karen S. Scott, PhD*, Arcadia University,
Glenside, PA 19038; Dwight E. Adams, PhD*, University of Central Oklahoma, Edmond, OK 73034; Uzoma A. Okafor, PhD*, Chemistry & Forensic
Science, Albany, GA 31705; Caitlin E. Porterfield, MS*, Forensic Science Institute—University of Central Oklahoma, Edmond, OK 73034; Joseph Levi
White, MS*, Defense Forensic Science Center, Forest Park, GA 30297; Dean J. Bertram, PhD*, The University of Southern Mississippi, Hattiesburg, MS
39406; Amy N. Brodeur, MFS*, Boston University School of Medicine, Boston, MA 02118; Carraugh Reilly Nowak, MFS*, Hilbert College, Hamburg, NY
14075; Douglas A. Ridolfi, MS*, Buffalo State College, Buffalo, NY 14222; Mark R. McCoy, EdD*, University of Central Oklahoma, Edmond, OK 73034

Learning Overview: After attending this presentation, attendees will learn how High-Impact Practices (HIPs)can be used in forensic science education
and discover how to adapt their courses using common programing for students by: (1) identifying and describing a variety of HIPs;
(2) recognizing useful HIPs dependent on the environment; and (3) discovering innovative HIPs that could be incorporated into their classroom.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by exploring a variety of HIPs and gaining
insight into a broader scope of common methods useful in forensic science teaching. By discussing multiple types of HIP techniques and the application of
these practices in forensic science education, attendees will be able to incorporate tools into their forensic science classrooms and programs.

HIPs are defined as active learning practices that promote deep learning through student engagement. Based on this definition, there are ten different
learning experiences identified as HIPs: (1) first year seminar and experiences; (2) common intellectual experiences; (3) learning communities;
(4) writing intensive courses; (5) collaborative assignments and projects; (6) undergraduate research; (7) diversity/global learning; (8) service learning or
community-based learning; (9) internships; and (10) capstones courses / projects. These increase student engagement and success throughout their college
career. Students should participate in at least two experiences throughout college, but it is highly recommended they participate in one experience per year.*
Due to the importance of these experiences in students’ college careers, these are also required for forensic science programs accredited through Forensic
Science Education Programs Accreditation Commission (FEPAC). This workshop explores seven ways these can be incorporated in forensic science
curriculum.

Over the years, there have been issues on student success, retention rate and attrition rate. A detailed insight on the impact of First-Year Seminar Experience
(FYSE) on the forensic science program at Albany State University that resulted in increased retention and graduation rate will be provided. Data will be
shown on the impact of FYSE and the way forward to repositioning of the program to enable greater learning experiences for students.

Living-Learning Communities (LLC) promote collaborative learning experiences by grouping students of a similar interest or major within the same area
of a residence hall. LLCs focus on students’ curricular experiences to create purposeful connections between the academic and social environments of
college life. The development and organization of the LLC at the University of Central Oklahoma and examples of student growth and transformation will
be discussed.

The “Forensic Science Seminar at Sea” and “Field Study in Forensic Science” are two programs implemented by the School of Criminal Justice, Forensic
Science, and Security at the University of Southern Mississippi. These programs provide student-centered instruction by working with forensic scientists
across multiple agencies. Topics will include program planning, curriculum development, risk management, benefits, and meeting guidelines for academic
accreditation.

The case practicum model provides students with information to independently perform evidence assessment and laboratory analysis in a realistic forensic
case setting. Active involvement from forensic science practitioners, an extensive peer review process, and completion of a forensic proficiency test
contribute to this hands-on course. An overview of Boston University’s practicum course, including insight into planning, delivery, and assessment, will
be shared.

Project-based learning promotes critical thinking and problem-solving skills. Coupling this concept with casework and scholarly research bridges the real
expectations and outcomes in forensic investigations and research expected in academia. Using current missing person cases, students complete an
experiential learning project and their work has the potential to impact a real case.

A series of semester-long projects are used to create problem-solving methods used in a forensic chemistry course. The project supplements lecture and
labs in crime scene and laboratory forensics with separate tracks related to bloodstain pattern interpretation, gamification of a forensic chemistry lab, and
developing contemplative methods to enhance observational skills. The lectures, projects, and assignments that accompany these three tracks will be
discussed.

The University of Central Oklahoma’s (UCQO’s) Student Transformative Learning Record (STLR) is a non-proprietary model with a proven track record
for increasing retention, student academic achievement, and workforce readiness. An overview of the STLR process, how it is assessed, and examples of
transformational learning experiences within the UCO Forensic Science Institute will be shared.

Reference(s):
L Kuh, G.H. High-Impact Educational Practices—What they are, who has access to them, and why they matter. Association of American Colleges
and Universities. 2008.

Education, High-Impact Practices, Student Experiences
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w7 New Advances in Forensic Human Identification. Issues and Approaches

Sara C. Zapico, PhD*, Florida International University, International Forensic Research Institute, Miami, FL 33199; Sarah Ellingham, PhD*,
International Committee of the Red Cross, IRAQ; Joe Adserias-Garriga, DDS, PhD*, Mercyhurst University, Erie, PA 16546; Douglas H.
Ubelaker, PhD*, Smithsonian Institution, Washington, DC 20560; Josep De Alcaraz-Fossoul, PhD*, University of New Haven, West Haven, CT 06516;
Leslie E. Fitzpatrick, PhD*, Mercyhurst University, Erie, PA 16546; Alexander S. Forrest, FFOMP*, Queensland Health Forensic and Scientific
Services, Coopers Plains, Queensland 4108, AUSTRALIA

Learning Overview: After attending this presentation, attendees will have a heightened understanding of: (1) the factors affecting human identification;
and (2) how the application of new, innovative, and cross-disciplinary techniques have the potential to overcome these issues, which will be detailed
through case examples.

Impact on the Forensic Science Community: This presentation will impact the forensic science community through the presentation of
multidisciplinary approaches toward human identification, pointing out the novel techniques suitable for this purpose, encouraging collaboration and
innovation among different forensic specialties to document and integrate several lines of evidence.

Human identification always has been a complex task; the degree of complexity, however, is highly dependent on the context in which death occurred.
Phenomena such as the human mass migration and displacement witnessed in the past years add challenge, such as an increased difficulty in tracing
an individual’s geographical origin, thus complicating antemortem data and reference sample collection.

The traditional identification approaches of forensic anthropology and odontology, as well as their advantages and limitations, will be covered before
delving into the introduction of new forensic procedures. Additionally, challenging cases of human identification will be presented, and step-by-step
approaches on how to tackle them from different disciplines will be delivered.

Time frame and geographical origin of the remains are crucial data to achieve a positive identification of the unknown. New advances in microbiota
characterization can provide insights about the time-since-death; additionally, the analysis of radiocarbon can offer important information regarding
when the individual was born and died. The estimation of a fingerprint’s age can provide valuable information that can help relate an individual
temporally in a certain location.

Geographical origin can be established by isotope analysis, also providing information about the diet of the deceased.

New trends in forensic genetics point out the use of Small Nucleotide Polymorphisms (SNPs) to determine eye and hair color and ancestry, leading to
a facial approximation based on genetic traits. In the past years, 2D and 3D imaging techniques have been developed and have been very useful in
forensic science, especially for comparison of postmortem and antemortem images, and several of these techniques will be demonstrated.

This workshop will further cover the topic of appropriate documentation and temporary disposition of unidentified remains in order to maximize the
potential for future identification.

All these new and innovative methods will help forensic scientists create the biological profile of human remains and achieve a positive identification.

This workshop will demonstrate how the awareness of the problems faced in human identification and thinking out-of-the box and applying and
integrating new techniques with traditional procedures are essential to facilitate the correct identification of the victims. This is particularly important
in mass disaster scenarios, where the large number of deceased pose challenges to this task as human remains are often incomplete, commingled, and
sometimes only fragmentary remains are present. Such complexities require comprehensive approaches and new tools that contribute to obtaining
different lines of evidence to positively identify the deceased. Thus, this workshop will provide a step toward finding solutions to these complications
by improving the knowledge on the most state-of-the art procedures available to forensic identification.

Human Identification, Multidisciplinary Approach, State-of-the-Art Forensic Technique
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W8 Death Investigations in the Military: Case Studies From Around the World

Steven Geniuk, MS*, United States Army Military Police School, Fort Leonard Wood, MO 65473; Precious JeanBatiste, MS, United States
Army Criminal Investigation Command, Fort Meade, MD 27055; Armando B. Dela Rosa, Jr., MA*, United States Army Criminal Investigation
Command, Fort Carson, CO 80913; Derek J. Kingsbury, MBA*, United States Army Criminal Investigation Command, Joint Base Lewis-McChord,
WA 98387; Vanessa R. Neff, MS*, United States Army Criminal Investigation Command, Fort Hood, TX 76544; Joshua L. Adams, PhD*, United States
Army Criminal Investigation Command, Fort Myer, VA 22211; Sarah N. Crosby, MS*, United States Army, Arlington, VA 22213; John W. Dunlap,
MSFS, MSCJ, U.S. Army Criminal Investigation Division, Joint Base Lewis-McCord, WA 98433; Adam C. Armstrong, MS*, United States Army
Criminal Investigation Division, Fort Bragg, NC 28310; Keith M. McCullen, MFS*, Black River, NY 13612-0624; Edmund D. Tamburini, MFS*,
McDonough, GA 30252

Learning Overview: After attending this presentation, attendees will understand: (1) processing a variety of death scenes; (2) forensic capabilities of
military investigators; (3) investigative considerations in foreign countries; (4) coordination with international agencies; (5) domestic violence impact
on child death; (6) staged suicide; (7) scene reconstruction; and (8) laboratory capabilities.

Impact on the Forensic Science Community: This presentation will impact the forensic science community through detailed accounts of a variety of
death investigations as described by Army Special Agents who participated in the cases. The investigations represent various circumstances and
illustrate the worldwide capabilities and responsibilities of military investigative agencies, along with legal and laboratory support.

In June of 1956, a soldier assigned to Fort Riley, KS, failed to show up to his assigned place of duty and was declared Absent Without Leave (AWOL).
Fifty years later, a family in New Brunswick, Canada, came forward with the information that their grandfather was the missing soldier from Fort
Riley. Army Criminal Investigation Command (CID) working with numerous agencies verified (through DNA) the grandfather in Canada was the
missing soldier from 1956. The investigation helped bring some answers and closure to both families.

In 2018 an 11-year-old committed suicide at an Army installation. Investigation into the death of the child found numerous law enforcement interactions
with the family at different Army installations, including child abuse involving the victim and his siblings. Domestic violence by the stepfather and
biological mother included a firearm-related incident. The firearm was returned by law enforcement and was used in the suicide.

During the draining of a lake, a vehicle antenna appeared on the surface. Divers identified a submerged car and found a foot stuck under the driver’s
headrest. Identifying the victim, recovering data from a cell phone, and following leads more than five years old led to a suspect. The suspect ultimately
confessed to strangling the victim, driving the car onto post, and submerging the car in the lake.

In March 1991 a soldier’s wife was found dead with a single gunshot wound to the head, pistol in hand. Several suicide notes and a history of depression
and marital problems led to a closed suicide. Later information developed, including a possible earlier attempted murder by arson. The soldier was
tried for murder and attempted murder.

A case study examines a unique multiple gunshot wound suicide of a 36-year-old, Caucasian male Army service member who shot himself nine times
with a Walther® P22 pistol (.22LR). Entrance wounds included the head, neck, and chest.

A soldier used a network of friends to help harass and stalk his estranged soldier wife. After seeing her with male friends, the subject and an accomplice
broke into one of the other the men’s residence and killed two of them.

On Christmas day, 2005, a United States soldier was attacked by a translator in Mahmoudiya, Iraq. The translator opened fire, striking the soldier, who
luckily survived the attack; he returned fire, striking and killing the translator.

Homicide Investigation, Forensics, Suicide
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W9 Interpersonal Violence and Elder Abuse: Maltreatment That Crosses All Borders

Amy Y. Carney, PhD*, California State University San Marcos, San Marcos, CA 92078; Patricia M. Speck, DNSc*, Hoover, AL 35226; Debra
Holbrook, MSN*, Academy of Forensic Nursing, Baltimore, MD 21225; Kathleen S Thimsen, DNP*, Goldfarb School of Nursing, Barnes Jewish
College, St. Louis, MO 63110; Rachell A. Ekroos, PhD*, Center for Forensic Nursing Excellence International, Las Vegas, NV 89128; Stacey A
Mitchell, DNP*, Texas A&M University, Bryan, TX 77354; Diana K. Faugno, MSN*, Dallas, GA 30321; David A. Williams, DDS*, Randallstown,
MD 21133; Joyce P. Williams, DNP*, Randallstown, MD 21133

Learning Overview: After attending this presentation, attendees will be able to identify multiple forms of abuse and mistreatment, recognize the
impact of abuse across the lifespan, and specify key points for the prosecution of abusers.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by broadening the education of those
working with victims of violence. This presentation will enhance not only the ability to intervene in maltreatment but to prosecute the abuser.

Interpersonal violence and maltreatment are recognized criminal and social problems both in the United States and internationally. Most societies
considered child abuse and interpersonal violence, once called “domestic violence”, private family matters. As more research became available,
intervention increased, with cases of both child and adult abuse moving into law enforcement and the criminal court system. The actual study of elder
abuse is relatively recent in the United States. Mentions of elder mistreatment date back to the mid-1970s, but research and resources were years in
coming. Similar to child abuse and domestic violence, harm to an older relative was considered a family matter and stayed behind closed doors. Much
of early theory was based on patterns of family violence that had been studied in child abuse and the battered wife syndrome. With the growing
understanding of the nature and extent of elder mistreatment came the awareness of the lack of forensic and medical markers that could be useful in
the identification of abuse. There was no research that could assist investigators in establishing lacerations, bruising, fractures, or decubiti as elements
of abuse or neglect. The aging patient frequently has physiological characteristics or medical conditions, which can mask or mimic markers of neglect
and abuse, making it even more difficult to detect or evaluate. Unless an actual crime could be proven, such as homicide, charges were rarely filed
against a suspected abuser. Arrest and prosecution for financial abuse or neglect was unheard of. Testimony in both young and older patients could be
difficult to obtain.

Multiple aspects of abuse have been examined in the research, including measures for detection, assessment, and documentation, and yet crimes of
abuse continue to be difficult to document and prosecute. In this workshop, attendees will learn the challenges of detection and intervention of abuse
and the tools that lead to successful prosecution in criminal cases of abuse. The impact of trauma on the victim’s health will be discussed, with specific
examples of the impact of strangulation, neglect, and self-neglect. Examples from the literature on child abuse will be used as illustrations. Age-related
changes and co-morbidities will be presented, with emphasis on differentiating abuse from other conditions. The intersection of elder abuse and
interpersonal violence will be explored. Investigating abuse and neglect in health care facilities is presented, with an intensive case review of elder
sexual abuse. The response to the elderly in disasters will be described, with a panel review at the end of both the morning and afternoon sessions.

Interpersonal Violence, Abuse, Maltreatment
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W10 The Investigation and Analysis of Health Care Serial Killers

Laura M. Labay, PhD*, NMS Labs, Willow Grove, PA 19090; Donna M. Papsun, MS, NMS Labs, Willow Grove, PA 19090-2910; Michael M. Baden, MD, New
York, NY 10019 Beatrice Yorker, JD*, California State University, Los Angeles, Los Angeles, CA 91103; Steven M. Marcus, MD*, Montville, NJ 07045; Tim
Braun*, National Center for Missing & Exploited Children, Alexandria, VA 22314; Paul Uribe, MD*, Armed Forces Medical Examiner System, Dover Air Force
Base, DE 19902; Kevin M. Legg, PhD*, Center for Forensic Science Research and Education, Willow Grove, PA 19090; Vincent Marks, DM*, University of Surrey,
Guilford, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will: (1) state the different motivations of health care serial killers; (2) understand
some of the challenges associated with analytical testing and result interpretation; (3) list the agents that have been used in medical killings and describe
their mechanism of action; and (4) understand how to best prepare for case presentation in a legal proceeding.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a multidisciplinary approach
to understanding, identifying, and investigating health care serial Killers.

A health care serial killer, sometimes referred to as an Angel of Death or an Angel of Mercy, is a unique type of criminal offender who, while employed
as a medical provider, intentionally ends the life of a patient. Infamous examples include: physician Michael Swango, who is estimated to have killed
more than 60 people; LVN Genene Jones, who murdered infants and children; and physician Harold Shipman, who killed hundreds of patients. The
motivations are varied, but include ending the suffering of a patient who likely will not recover, minimizing the emotional toll on relatives and loved
ones, achieving recognition from their colleagues by accomplishing life-saving resuscitation measures, and exerting dominance over a helpless or
weaker individual.

These cases are challenging to recognize as they typically occur over an extended period of time, involve different employers, and include patients who
are severely ill and/or have a terminal diagnosis. The latter situation means that because a reasonable competent cause of death already exists, the death
may not be heavily scrutinized. Furthermore, analytical evidence or proof may be lacking since hard-to-detect substances, such as epinephrine,
succinylcholine, insulin, and heparin, may be used. Instead, identification and in-depth investigations tend to occur when a correlation between a care
provider’s presence and a cluster of deaths is observed. A high-profile prime example is the Cullen case. Cullen was a nurse who was able to move
from facility to facility in New Jersey and Pennsylvania in spite of his questionable employment record and even though suspicions were raised by
coworkers that he was harming patients. He eventually confessed to killing more than 40 patients over the course of 16 years.

Medical and forensic science practitioners must be well-versed in detecting these deaths and, when required, be equipped to perform a thorough and
lengthy investigation. Due to the complexity of these cases, most will require a multidisciplinary approach and include input from legal investigators,
toxicologists, and forensic pathologists. Another facet is the prevention of these deaths. For example, what systems are in place at care facilities to
monitor the dispensing and use of medications, and are there any mechanisms or safeguards from a psychiatric standpoint that allow for the profiling
and identification of at-risk care providers? Greater insight learned from previous cases and more understanding about the perpetrators may aid in
limiting future deaths and helping direct investigations.

Medical Killers, Health Care Serial Killers, Angels of Death
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W11 The Native American Graves Protection and Repatriation Act (NAGPRA) and the Medicolegal System:
Legal, Practical, and Ethical Considerations for Practitioners

Megan K. Kleeschulte, MA*, University of Tennessee, Knoxville; Amy Mundorff, PhD, University of Tennessee, Knoxville; Ellen Lofaro, PhD,
University of Tennessee, Knoxville; Bruce E. Anderson, PhD, Pima County Office of the Medical Examiner, Tucson, AZ
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W12 KidStats: Improving the Subadult Biological Profile

Kyra E. Stull, PhD*, University of Nevada, Reno, Reno, NV 89557; Heather M. Garvin, PhD*, Des Moines University, Des Moines, IA 50312-4198;
Alexandra R. Klales, PhD*, Washburn University, Topeka, KS 66621; Louise K. Corron, PhD*, University of Nevada, Reno, Reno, NV 89557; Michael
H. Price, PhD*, Santa Fe Institute, Santa Fe, NM 87501

Learning Overview: After attending this workshop, attendees will be trained on the most up-to-date techniques to estimate subadult age and sex and
on KidStats, a freely available web-based graphical user interface.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing attendees with applied
experience in collecting subadult data from 3D printed remains of individuals between birth and 15 years and the application of these data in a statistical
framework.

A lack of modern subadult samples has greatly limited the development and validation of subadult biological profile techniques, as well as practitioners’
experiences working with subadult remains. The computer tomography sample of more than 1,100 individuals aged between birth and 20 years,
collected from the University of New Mexico Office of the Medical Investigator and from the Office of the Chief Medical Examiner in Baltimore MD,
enabled this study to collect more than 200 variables (i.e., age and sex indicators) from most individuals, resulting in an extraordinary amount of
knowledge regarding skeletal and dental growth and development and variation within a large, modern sample of North American children. This
workshop will take the attendees through the subadult skeletal research experience, from research design challenges to the results obtained, as well as
a discussion on how the project results vary from previous publications.

Although subadult age estimation has been historically considered a reliable practice, current age estimations continue to face limitations. For example,
methods tend to focus on only a single variable, such as dental development. One of the main methods that will be discussed is the mixed cumulative
probit algorithm that was designed specifically for dealing with continuous (diaphyseal dimensions) in conjunction with ordinal age indicators
(epiphyseal fusion and dental formation) to predict a continuous outcome variable (age). Previously in subadult age estimation techniques, the age
estimation methodology has been limited to a single variable and a single indicator without any statistical way to combine different age estimations.
This model enables individuals to enter any combination of data for epiphyseal fusion, diaphyseal dimensions, appearance of ossification centers, or
dental formation and yields one age estimate with 95% confidence intervals, thus meeting the best practices of our field. Not only is this novel algorithm
applicable in KidStats, it is also freely available in an R package that has been released. While the main focus of the workshop is on age estimation and
KidStats, other topics (or research) will be presented, including the utility of the subadult pelvis for sex estimation, subadult body mass estimation, and
subadult stature estimation.

Overall, this workshop seeks to provide attendees with experience working with subadult remains, familiarize them with modern techniques in
estimating subadult biological profile parameters, and ensure they understand both the capabilities and challenges in performing such analyses. Three-
dimensional (3D) prints of subadult remains will be used to guide attendees through the newly proposed age and sex methodologies. Because subadult
skeletal samples are rarely available, the 3D printed material provides a unique opportunity for attendees to see how age and sex indicators vary
throughout ontogeny.

Forensic Anthropology, Biological Profile, Juvenile
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W13 A Primer on Multidisciplinary Investigations of Pediatric Injuries and Deaths

J.C.U. Downs, MD*, forensX, LLC, Savannah, GA 31406; Joanna L. Collins, MFS, LINUS Investigations & Consulting, San Antonio, TX 78258;
Bonnie Armstrong, BS*, The Shaken Baby Alliance, Boyd, TX 76023; Robert N. Parrish, JD*, Salt Lake County District Attorney’s Office, Salt Lake
City, UT 84111

Learning Overview: Attendees will be able to demonstrate the ability to analyze and evaluate available data in a pediatric death or injury case to
formulate a viable hypothesis regarding the actual mechanism of the pathology in question. After attending this presentation, attendees will be better
able to differentiate and implement effective investigative techniques from lesser alternatives.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by exposing practitioners to an effective
multidisciplinary team approach to prospectively work through investigations as they progress to a conclusion.

Pediatric cases are some of the most difficult cases for investigators to work, particularly those involving the injury and/or death of a young child.
Multiple intersecting stressors can impact the investigation, as well as the investigator. Medical findings may be equivocal or complicated. Subtle
and/or minimal findings pose diagnostic challenges, while physical injuries, especially to vulnerable victims, can be emotionally challenging. Existing
medical conditions can add a layer of confusion while excluding possible mimics, or other conditions may prove labor intensive. In addition, parents,
families, and communities want answers. Thorough investigations require enough time to ascertain the truth—whatever that might be. All these, and
other, aspects tax the limited resources available to the investigator. In cases where the justice system becomes involved, all the myriad elements receive
further intense scrutiny.

Multidisciplinary teams have proven popular in providing a retroactive analysis in dealing with such cases, due to their significant successes. Key
elements in such cases involve the clinical medical team, forensic pathologist, social workers, advocacy center, law enforcement, legal community,
and others. These teams are obviously targeted at deceased individuals; however, there exists no reason why the same concept cannot be applied with
equal effort to living victims. Likewise, if applied at the inception of a case moving forward, as the investigation is ongoing, such multidisciplinary
collaboration can achieve excellent investigative conclusions.

This workshop will condense a two-day workshop into a one-day overview of how this concept can be applied in practice. All these cases begin with
the medical recognition of suspicious child deaths and injuries and, as such, a review of common findings may help in isolating elements that make
some deaths “suspicious” or worthy of further scrutiny. Once concerns are raised in a case, the typical investigation escalates from routine to a more
intensive and focused search for answers. A large part of attempting to ascertain the truth of events will arise from informal and formal interviews of
persons with knowledge about case particulars. A critical element to better understand events is the development of a timeline allowing visualization
of potential inclusionary and exclusionary information. Such a process is very similar to the singularly most important diagnostic element in medicine—
establishing a patient history based on open-ended, direct questioning of person(s) with direct knowledge about the patient’s condition.

Using this investigative model, the technique will then be demonstrated in one of the more challenging and contentious areas of forensic medical
practice: pediatric head injuries. Recognizing that there are differing points of view about how such trauma occurs and presents is critical to understand
an individual case. Reflex application of dogma can hinder impartial case analysis. As such, an objective overview of present medical knowledge will
be mixed with investigative techniques and timeline development to arrive at an investigative endpoint, regardless of whether it tends to inculpate,
exculpate, or provide no definite answer.

This workshop is intended to enhance attendees’ knowledge of excellent techniques for the multidisciplinary investigation of pediatric injury and/or
death, positioning them to better implement objective analysis and appraisal of case data to formulate an overall evaluation for potential subsequent
action(s), if needed. Such a strategy would improve patient outcomes by enhancing the final investigative conclusions.

Multidisciplinary, Pediatric, Trauma
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W14 Mass Disasters and Disaster Victim Identification (DVI)

John A. Williams, PhD*, Western Carolina University, Cullowhee, NC 28723; Victor W. Weedn, MD, JD*, The George Washington University,
Washington, DC 20007; Jason M. Wiersema, PhD*, Harris County Institute of Forensic Science, Houston, TX 77054; Anthony B. Falsetti, PhD*,
College of Science, Forensic Science Pro, Fairfax, VA 22030; Kenneth W. Aschheim, DDS*, New York, NY 10065; Bryan Johnson, MSFS*, Federal
Bureau of Investigation, Quantico, VA 22135; Taylor M. Dickerson 111, MSFS*, SNA International, Armed Forces DNA Identification Laboratory,
Dover Air Force Base, DE 19912; Jason H. Byrd, PhD*, University of Florida, Gainesville, FL 32608; Cynthia Gavin, PhD*, Parkville, MD 21234

Learning Overview: After attending this presentation, attendees will be able to: (1) understand the historical background of DVI, (2) recognize the
need for standards and best practices, (3) understand the integrated contributions of the various forensic sciences to DVI, and (4) understand the critical
relationship of the Victim Information Center to the identification process.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing attendees with an
understanding of the current state of mass fatality victim identification as it exists in the United States. Presentations will encompass the breadth of the
forensic sciences, including ethical considerations and the role of the Victim Information Center in mass fatality identifications.

DVI is the comprehensive process of human identification as applied to mass fatality events. Although by definition a mass fatality event is any situation
that overwhelms local resources, we generally think of a situation is which identification is hampered by the event and recovery process. Human
remains that have been badly traumatized, heavily decomposed, or recovered outside of their normal context are examples that fit this description.

In 2014, responding to the 2009 NAS Report, the United States Department of Commerce’s National Institute of Standards and Technology (NIST)
established the Organization of Scientific Area Committees (OSAC) to assist the development of standards in the forensic sciences. The OSAC includes
a DVI subcommittee that has promulgated recommended standards. In 2016, the American Academy of Forensic Sciences’ American Standards Board
(ASB) was established as a Standards Development Organization (SDO). The ASB includes a DVI Consensus Body to produce American National
Standards for DVI. Using the OSAC DVI recommendations, the ASB has published several DV standards and best practices.

While DVI may take place locally, it is by its nature a governmental process (i.e., based in the office of a coroner or medical examiner). At the United
States Federal level 15, Emergency Support Functions (ESF) outline how the public and private sectors respond to national emergencies. Buried in the
scope of ESF#8 is the role of the Public Health Service in disaster response, specifically mass fatality management and DVI. Here is where standards
or best practices of DVI would prove highly beneficial in providing guidance to the varied agencies that may be involved in a mass fatality event.

Human identification, and by association DVI, has changed over the past century. In the not-too-distant past, visual identification was the norm. The
advent of fingerprints and later odontology led to dramatic improvements in identification, especially after decomposition or traumatic injury has taken
place. Today, these so-called traditional methods, along with anthropology, still dominate the field of human identification. Continued improvements
in DNA technology point to the direction that the future of DVI will be taking. Time and cost are deciding factors in DVI; expedient and cost-effective
methods will not be falling by the wayside any time soon.

An often neglected, but immeasurably critical, aspect of DVI is the gathering of antemortem information concerning the victims. Identification would
be impossible, or nearly so, without the Victim Information Center. Interviews of family members and others acquainted with the victim’s identifying
features, as well as medical and dental records, are collected and compared against the biological profile of the victim’s remains.

DVI therefore is the concerted and combined efforts of dedicated scientists, specialists, and governmental and private agencies. It is practiced under
far less-than-perfect conditions under circumstances that are often politically and cultural charged.

Identification, Disaster, Victim
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W15 Dementia Workup for Forensic Pathologists Following a Condensed National Institute on Aging-
Alzheimer’s Association (NIA-AA) Protocol

Desiree A. Marshall, MD*, University of Washington Medical Center, Seattle, WA 98195; Rebecca A. Yoda, MD*, University of Washington Medicine,
Seattle, WA 98104; Nicole A. Yarid, MD*, King County Medical Examiner’s Office, Seattle, WA 98104; Rebecca Folkerth, MD*, New York City Office
of Chief Medical Examiner, New York, NY 10016; Richard C. Harruff, MD, PhD, King County Medical Examiner Office, Seattle, WA 98104; C. Dirk
Keene, MD, PhD*, UW Harborview Medical Center, Seattle, WA 98104

Learning Overview: After attending this presentations, attendees will: (1) become familiar with the diagnostic workup and grading schemes for
common classes of dementia; (2) be able to accurately identify and sample appropriate regions of the brain according to the Condensed Protocol for
dementia workup; and (3) understand the benefits and limitations of the Condensed and NIA-AA Protocols for dementia workup.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting a method that reduces the
cost of histopathologic dementia workup while maintaining diagnostic performance.

Alzheimer’s Disease (AD) is the fifth most common cause of death for Americans ages 65 and older.! In the United States, the number of people
affected by AD and related dementias is projected to increase substantially, rising from an estimated 5.4 million in 2015 to 11-16 million by 2050.2
Individuals who die with dementia may be susceptible to non-natural factors such as neglect, abuse, or accidental injury, and investigation into potential
dementia cases will likely be increasingly common in the forensic autopsy setting. Definitive diagnosis of a specific type of dementia necessitates
neuropathological examination, which if performed according to the Original NIA-AA guidelines (20 blocks and 13 special stains from key brain
regions), may be cost-prohibitive in a forensic setting.3* In response, a Condensed Protocol was developed that consolidates the sampling and staining
proscribed by the Original NIA-AA Protocol into five cassettes for a single round of histochemical or immunohistochemical staining, resulting in
approximately 75% lower cost (institution specific) while maintaining diagnostic performance.>8 The Condensed Protocol has been studied for use in
a forensic setting and was found to be a useful tool in diagnosing a wide range of neurodegenerative diseases.® One drawback of the Condensed
Protocol is decreased sensitivity for detecting Microvascular Lesions (MVL), which can be remedied by submitting addition Hematoxylin-Eosin (H&E)
sections when MV L represents a strong consideration. While not intended as a replacement for the original NIA-AA guidelines, the Condensed Protocol
serves to make the guidelines accessible to forensic practices, maintaining reasonable diagnostic performance for various types of dementia while
conserving precious resources.

This workshop will walk attendees through specific considerations for dementia evaluation in the forensic setting. There will be an overview of the
Original NIA-AA guidelines for the diagnosis of AD and related neurodegenerative disorders and the creation of the Condensed Protocol. The
application and performance of the Condensed Protocol at a large urban medical examiner’s office will be highlighted and compared to that observed
at an academic medical center clinical autopsy service. Finally, there will be a practical demonstration of the use of the Condensed Protocol with an
interactive session.

Reference(s):

L Alzheimer’s Association. 2015 Alzheimer’s Disease Facts and Figures. Alzheimer’s & Dementia: The Journal of the Alzheimer’s Association 11,
no. 3 (Mar, 2015): 332-384.

2 Hyman, B.T., C.H. Phelps, T.G. Beach, E.H. Bigio, N.J. Cairns, M.C. Carrillo, D.W. Dickson, et al. National Institute on Aging—Alzheimer’s
Association Guidelines for the Neuropathologic Assessment of Alzheimer’s Disease. Alzheimer’s & Dementia: The Journal of the Alzheimers
Association 8, no. 1 (Jan, 2012): 1-13.

3 Montine, T.J., C.H. Phelps, T.G. Beach, E.H. Bigio, N.J. Cairns, D.W. Dickson, C. Duyckaerts, et al. National Institute on Aging-Alzheimer’s
Association Guidelines for the Neuropathologic Assessment of Alzheimer’s Disease: A Practical Approach. Acta Neuropathologica 123, no. 1
(Jan, 2012): 1-11.

4 Flanagan, M.E., D.A. Marshall, J.B. Shofer, K.S. Montine, P.T. Nelson, T.J. Montine, and C.D. Keene. Performance of a Condensed Protocol that
Reduces Effort and Cost of NIA-AA Guidelines for Neuropathologic Assessment of Alzheimer Disease. Journal of Neuropathology and
Experimental Neurology 76, no. 1 (Jan 1, 2017): 39-43.

5 Bharadwaj, R., P.J. Cimino, M.E. Flanagan, C.S. Latimer, L.F. Gonzalez-Cuyar, G. Juric-Sekhar, T.J. Montine, D.A. Marshall, and C.D. Keene.
Application of the Condensed Protocol for the NIA-AA Guidelines for the Neuropathological Assessment of Alzheimer’s Disease in an Academic
Clinical Practice. Histopathology 72, no. 3 (Feb, 2018): 433-440.

6 Priemer, D., R. Folkerth. Dementia in the Forensic Setting: A Survey of Diagnoses Using a Condensed Protocol at a Resource-Limited Large
Urban Medical Examiner’s Office. Journal of Neuropathology & Experimental Neurology. Volume 78, Issue 6, June 2019, Pages 520-579.

Dementia, Neuropathology, Cost-Effective
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W16 Forensic Multimedia Authentication: Real-Life Challenges

Catalin Grigoras, PhD*, Denver, CO 80202; Zeno J. Geradts, PhD*, Netherlands Forensic Institute, Den Haag, SH 2497 GB, NETHERLANDS; Jeff
M. Smith, MS*, National Center for Media Forensics, University of Colorado Denver, Denver, CO 80204; Leonid I. Rudin, PhD*, Cognitech,
Pasadena, CA 91117; Gregory S. Wales, MS*, United States Department of Interior, Office of Inspector General, Lakewood, CO 80228

Learning Overview: After attending this workshop, attendees will: (1) become familiar with the latest developments in forensic video and audio
authentication, enhancement, and restoration; (2) understand criteria used for media authentication; (3) understand how to conduct analysis within a
forensic framework; and (4) explore the latest technologies in the generation of synthetic imagery, including deepfakes, face2face, and others.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by: (1) explaining the scientific approach
in forensic media authentication, enhancement, and restoration; (2) demonstrating an authentication investigation framework; and (3) discussing tools
used to create and combat multimedia forgery.

Digital multimedia authentication seeks to determine the validity of digital multimedia containers and contents by investigating their format, structure,
time, frequency, and pixel and/or sample level features. This workshop will discuss the multimedia authentication process, providing the user with
methods of authenticating both video and audio, including deepfakes and deepvoices. This workshop 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.

This half-day workshop will cover video and audio authentication analyses. 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. First covered will be a video
authentication framework, focusing on camera verification/identification and image and video attack detection. This includes a quick overview of the
digital video file creation chain for contextual information of the artifacts that influence the final digital media streams based upon a general description
of camera sensor noises for both complementary metal-oxide-semiconductor and charge couple device type sensors. Photo Response Non-Uniformity
(PRNU) are small artifacts of the sensor and can be used as a sort of fingerprint for the sensor. For video and images, it can be determined with a high
likelihood that a certain image or video has been made with a specific camera. PRNU can also be used for detecting deepfakes. Splicing, copy-move,
and removal artifacts are also investigated in a complex video authentication process and will be discussed and exemplified with original and
manipulated videos.

The use of articulated 3D face models is a double-edged sword: it can be used to make deepfakes, but it also can be used to recover true image/video
details. A theory and the method for video resolution enhancement restoration with data adaptive 3D facial models will be presented. This method
starts with a generic facial 3D model, then simultaneously recovers the finer facial feature details in the video frames and also adapts the 3D model to
fit the observed face in the video.

In the second section of the workshop, real-life audio challenges and solutions will be presented. The proposed audio authentication framework
combines 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.

Multimedia Forensics, Authentication, Deepfake
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W17 The Murder of Women: A Global Issue That Demands Action

Cinzia Gimelli, PsyD, PhD*, Science & Method, Reggio Emilia 42124, ITALY; Vivian Shnaidman, MD*, 10 Vreeland Drive, Skillman, NJ 08558;
Luciano Garofano, PhD*, President of Accademia Italiana di Scienze Forensi, Parma 43100, ITALY; Maurizio Saliva, MD*, Pozzuoli 80078, ITALY;
Ariel V. Tabachnik, BS*, Rutgers Robert Wood Johnson Medical School, Piscataway, NJ 08854

Learning Overview: After attending this presentation, attendees will understand and recognize how discrimination against women prevails throughout
the world and how violence against women, a serious violation of human rights, is the most severe consequence of such discrimination. The Inter-
American Court of Human Rights defined femicide as “the murder of women by gender” considering that these deaths result from structural and social
attitudes, rooted in a culture of gender-based violence and discrimination. Acts of violence against women based on their status as women demand the
serious and specific attention of the international community.

Impact on the Forensic Science Community: Attendees will become more aware of the various types of violence that are manifested in many ways.
Most victims are raped and many are mutilated, tortured, or dismembered. Femicide is a complex phenomenon, ranging from the murder of women by
their partners or ex-partners, to their kidnapping followed by rape and subsequent killing committed by unknown perpetrators, to ritual crimes
performed by sects or other groups.

This presentation will impact the forensic science community by empowering attendees to understand that is an obligation of the European Union, the
United States, and the entire world to prevent and eradicate femicide and to adopt administrative, legislative, and judicial measures to prohibit gender
discrimination. States must ensure the exercise of the rights of women and pursue, by all appropriate means and without delay, policies that prevent,
punish, and eradicate violence against women. States have the obligation to standardize all their protocols and manuals; to update their research criteria;
and to restructure the administration of justice related to investigate disappearances, sexual violence, and murder of women. These measures have
implications not only for the United States, but also for other systems of human rights protection, such as the European Court of Human Rights. After
implementation of various policies addressing this crucial issue, states should be held responsible for lack of diligence in investigations, lack of access
to justice for the families of the victims, and, therefore, for the impunity of the perpetrators. To sum up, states are responsible for taking the necessary
steps to ensure a life free of violence for women.

The study shows that is reasonable to create scientifically based monitoring with a proper strategy together with all national and international partners.’->
Such a structure must promote the creation of comparable national databases, while also systematically involving existing international systems of data
collection and their experience. The database is designed to provide easy access to comprehensive and up-to-date information on measures undertaken by
governments to address all forms of violence against women; increase opportunities for the exchange of experiences in addressing violence against women;
strengthen the knowledge-base for effective policy responses to prevent and address violence against women; and encourage the further collection,
availability, use and dissemination of data on violence against women, as well as analysis of such data.

Data are collected using a survey based on interviews of women who turn to support centers who were asked about their experiences of physical,
sexual, and psychological violence, including incidents of intimate partner violence (“domestic violence”).

The research highlighted that the collection of police data alone would not be sufficient for analyzing the cases in the detail needed for prevention and
intervention. Therefore, the strategy of collecting information on all the cases known to the media and collating it with the criminological data and,
insofar as is possible, data recorded by health and support systems. All data together provide the opportunity to obtain more background information
on femicides, which is important for future prevention and early interventions.

Reference(s):

L Chamber of Deputies and Senate of the Republic of Italy. Law n. 19 of 15 October 2013.

2 Council of Europe. Council of Europe Convention on preventing and combating violence against women and domestic violence, 2011.

3 Council of Europe. EU signs the Istanbul Convention. Council of Europe Newsroom, June 2017.

4 Garofano, L., Diaz, R. | labirinti del male—Femminicidio, stalking e violenza sulle donne: che cosa sono, come difendersi. Modena: Infinito

Edizioni, 2014.
5 Organization of American States. Inter-American Convention on the Prevention, Punishment, and Eradication of Violence against Women. Status
of signatures and ratifications. July 2017.

Violence Against Women, Murder of Women, Femicide
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W18 Injury Biomechanics: An Interdisciplinary Approach and Forensic Applications

Amanda M. Agnew, PhD*, The Ohio State University, Columbus, OH 43210; Angela L. Harden, MA*, The Ohio State University, Columbus, OH 43210;
John H. Bolte, PhD*, The Ohio State University, Columbus, OH 43210; Yun-Seok Kang, PhD*, The Ohio State University, Columbus, OH 43210

Learning Overview: After attending this workshop, attendees will comprehend the advantages of using an interdisciplinary team to address questions
concerning injury biomechanics and associated trauma analysis. Attendees will be exposed to the applications of injury biomechanics across multiple
scientific disciplines through presentations and hands-on experiences. Additionally, attendees will be introduced to the value of experimental testing
in developing and validating forensic methods of injury analysis and the importance of scientific validity and error rates.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by providing attendees with an introduction
to injury biomechanics and the applications of this research to forensic anthropology, engineering and applied sciences, and forensic pathology.

Injury biomechanics is the science that relates mechanical forces to disruption of anatomical regions of the human body. As a multidisciplinary field
encompassing engineering, physiology, anatomy, and medicine, an understanding of injury biomechanics would benefit forensics, specifically in regard
to analyzing injuries, the mechanisms that cause them, and recreating traumatic events.

The focus of this workshop is to introduce the principal aims of injury biomechanics research and discuss how these aims are relevant in forensic fields
and methods. The utilization of a multidisciplinary team encompassing injury biomechanics, forensic anthropology, forensic pathology, and human
anatomy allows for a holistic approach to investigating the relationships between injury and physical mechanical properties. By doing so, identifying
mechanisms of injury will satisfy Daubert standards and provide quantifiable methods to support expert testimonies. Ultimately, this interdisciplinary
pursuit will increase accuracy and precision in the reconstruction of traumatic events.

Presentations will begin with an introduction to injury biomechanics and the importance of an interdisciplinary team of scientists. Following the
introduction, attendees will learn about the applications and limitations of forensic injury biomechanics. The development of injury criteria, injury risk
assessment, and injury thresholds of the human body will then be discussed. Experimental design will next be presented in detail, addressing what goes
into the design, interpretation of experiments, and the importance of quantitative data and error rates. Experimental testing methods and applications
will then be addressed; specifically, the role of experimental testing in the development and validation of forensic methods. Attendees will be presented
with current injury biomechanics research conducted in the Injury Biomechanics Research Center focusing on the injury mechanisms of different
anatomical body regions. Each research presentation will address the following: objectives and hypotheses of the project, interdisciplinary
contributions, applications of the research to various fields and professions with an emphasis on forensic applications. Attendees will be provided the
opportunity to observe and discuss the soft tissue and skeletal trauma associated with each presentation and discuss interpretations. At the end of this
workshop, attendees will be provided with the opportunity to discuss injury biomechanics in general and direct questions to the panel of experts who
are engineers, anatomists, and forensic anthropologists.

Trauma, Methods, Fracture
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W19 Think Tank on the Leading Edge of Forensic Science, Including Robotics, Drug Intelligence, Analytical
Chemistry, Technology Rules, Bayesian Approach, Legal Technology Developments, Research and
Development (R&D) in a Forensic Lab, Veterinary Forensics, and Aquatic Death Investigation

Laura L. Liptai, PhD*, BioMedical Forensics Headquarters California/Florida, Moraga, CA 94556; Annemieke de Vries, PhD*, Netherlands Forensic
Institute, The Hague 2497 GB, NETHERLANDS; Jeri D. Ropero-Miller, PhD*, RTI International, Research Triangle Park, NC 27709; Ivo Alberink, PhD*,
Netherlands Forensic Institute, The Hague, Zuid-Holland 2497 GB, NETHERLANDS; Sheila Willis, PhD*, National Institute of Standards and Technology,
Gaithersburg, MD 20899; Stephanie Domitrovich, JD, PhD*, Sixth Judicial District of Pennsylvania, Erie, PA 16501; Andrea Zaferes, BA*, Dutchess County
Medical Examiner Office/Team LGS, Shokan, NY 12481; Arian C. Van Asten, PhD*, University of Amsterdam, Amsterdam 1098XH, NETHERLANDS; Kevin
W.P. Miller, PhD*, Hamilton Robotics, Reno, NV 89501; Martha Smith-Blackmore, DVM*, Forensic Veterinary Investigations LLC, Boston, MA 02116; Zeno
J. Geradts, PhD*, Netherlands Forensic Institute, Den Haag, SH 2497 GB, NETHERLANDS

Learning Overview: After attending this presentation, attendees will better understand the various new advances in forensic science that promise to
have an important impact on their work.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by discussing the absolute latest new
developments in robotics, drug intelligence, analytical chemistry technology rules, Bayesian approach, legal technology developments, R&D in a
forensic lab, veterinary forensics, and aquatic death investigations. This workshop will help attendees be on the leading edge.

The history of forensic science dates back thousands of years. Ancient Chinese were credited with being the first to attempt to define the difference
between natural death and criminal intent. By the early 1800s, the recognition of fingerprint patterns was studied, but decades would pass before that
observance was applied to criminal and personal identification. Now, in today’s world, new developments are being established in a single year, not
decades, but the real question is how long it will take for disruptive technologies and the leading edge to obtain general acceptance in the scientific
community.

Legal technology developments and technology rules are expanded on by a prominent state judge with decades of experience so that the forensic
community can keep up with the quickly advancing frontiers of legal technology and innovations. Analytical chemistry, statistical revelations, and
R&D in the forensic lab are improving and expanding. However, the limitations and the error rates of the algorithms utilized need to be closely
monitored. Artificial intelligence and robotic advancements may help us better monitor algorithm error rates.

Aquatic death/abuse investigations are also discussed to reveal how the investigators have been revolutionizing scene investigation standards. The use
of proper and specialized training, while it may take up more time initially, will provide better accuracy and understanding of the common errors
repeated for decades in scene and aquatic death investigations.

With regard to investigating animal abuse, neglect and cruelty will also be discussed, including how veterinarian forensic experts are able to properly
interpret evidence and ensure animal welfare.

Drug intelligence has been an important topic of interest due to the increase of distribution of synthetic novel drugs. Exploration is needed in how
government agencies, law enforcement officials, forensic laboratory personnel, medical examiners/coroners, researchers, and other experts can
collaborate in order to respond to increasing problems that are seen with drug abuse.

This year’s think tank is a collection of topics and speakers that will make us all work smarter in response to an awareness of what is happening on the
leading edge of forensic science.

BioMedical Engineer, Drug Intelligence, Aquatic Death/Abuse Investigations
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W20 Genetic Genealogy: Science, Law, and Ethics

Donald E. Shelton, JD, PhD*, University of Michigan-Dearborn, Dearborn, Ml 48128-2406; Henry T. Greely, JD*, Stanford University, Stanford, CA 94305;
Frederick R. Bieber, PhD*, Brigham & Women’s Hospital, Boston, MA 02115; CeCe Moore*, Reston, VA 20190; Ellen M. Greytak, PhD*, Parabon NanoLabs,
Inc, Reston, VA 20190; Ted R. Hunt, JD*, United States Department of Justice, Washington, DC 20530; Russell S. Babcock, JD*, Law Office of Russell Babcock,
San Diego, CA 92101; Roderick T. Kennedy, JD*, Los Ranchos, NM 87107

Learning Overview: After attending this workshop, attendees will have a better understanding of how genetic genealogy works, how it is used by law
enforcement, its admissibility in court, and the ethics of using personal DNA data of relatives to solve crimes.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by providing a clear understanding of the
use of genetic genealogy to solve crimes and to better equip forensic scientists to appreciate the legal and ethical issues that it presents.

Since the identification and arrest of the suspect in the “Golden State Killer” investigation in early 2018, using novel DNA and genealogy tools, dozens
of law enforcement investigators in North America have effectively used such methods in high-profile cold cases. A combination of advanced DNA
methods, using thousands of Single Nucleotide Polymorphisms (SNPs) along with searching of ancestry databases has allowed genealogists to assist
investigators in identifying possible persons of interest as suspects in unsolved crimes. These tools have significantly changed the face of genealogic
searching and those changes now offer new investigative methods of crime solving.

Several DNA-based public genealogy databases can be searched for even distant relatives of those who leave crime scene DNA evidence, regardless
of whether their profile is in a law enforcement database such as the Combined DNA Index System (CODIS). Investigators can submit the raw data
files from the crime scene DNA profile to one of these new genealogy databases to help identify individuals who could be biological relatives of the
person who left the evidence. While the suspect may not be in CODIS and have never submitted their DNA to any ancestry company, the DNA of
relatives who submitted their own data for genealogy search purposes can lead police to a range of possible persons of interest. Confirmatory Short
Tandem Repeat (STR) testing is then needed before any arrest is made.

This workshop includes a description of the DNA technology used, the database search process itself, and the methods of genealogy searching from
expert leaders in those fields. The results of DNA-based genealogy searching still require careful data analysis and follow-up investigation by police
to further narrow the range of possible persons of interest based on age, locale, and other factors associated with the crime. Law enforcement officials
will describe how police investigators follow up on the possible suspect(s) generated by the genealogical research to obtain a current DNA specimen
upon which to seek a warrant. The entire process may raise potential issues under the 4™ Amendment, particularly considering the recent Carpenter
United States Supreme Court opinions, as well as online privacy laws. These admissibility issues will be presented from both the prosecution and
defense perspectives. There are also significant ethical questions presented by this process and those will be discussed by biomedical experts,
particularly considering recent actions seeking to expand the “informed consent” for DNA contributors or even to legislatively prohibit the use of
genetic genealogy to solve crimes.

Genetic Genealogy, DNA Genealogy, Genealogy Crime Solving
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W21 A Decade of Designer Drugs: Lessons Learned and Future Directions

Donna M. Papsun, MS*, NMS Labs, Willow Grove, PA 19090-2910; Barry K. Logan, PhD*, NMS Labs, Willow Grove, PA 19090; Michael H.
Baumann, PhD*, Intramural Research Program, National Institute on Drug Abuse, National Institutes of Health, Baltimore, MD 21224; Michael B.
Gatch, PhD*, University of North Texas Health Science Center, Fort Worth, TX 76107; Alex J. Krotulski, MS*, Center for Forensic Science Research
& Education, Willow Grove, PA 19090; Christopher Moraff, MS*, Temple University, Philadelphia, PA 19122; Amanda L.A.
Mohr, MSFS*, Center for Forensic Science, Willow Grove, PA 19090; Marilyn A. Huestis, PhD*, Huestis & Smith Toxicology, LLC, Severna Park,
MD 21146; Jennifer Bonetti, MS*, Virginia Department of Forensic Science, Norfolk, VA 23510; Aaron Urbas, PhD*, National Institute of Standards
and Technology, Gaithersburg, MD ; Donna M. lula, PhD*, Cayman Chemical, Ann Arbor, Ml 48108; Robert A. Middleberg, PhD*, NMS Labs,
Willow Grove, PA 19090

Learning Overview: After attending this workshop, attendees will be able to: (1) discuss current and past trends in Novel Psychoactive Substances
(NPS); (2) describe and explain the means by which new substances are assessed for their potency and toxicity; (3) identify resources and strategies
for the investigation of NPS toxicity outbreaks and impacts on user populations; (4) assess the available analytical techniques for resolving the identity
of positional isomers of new drugs; and (5) apply best practices in the use of standard reference materials and proficiency testing for forensic NPS
casework.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a ten-year perspective on
how forensic and research sciences responded to the phenomenon of designer drugs, later NPS, the tools and workflows that have been developed,
current approaches to evaluating drug toxicity, the impact of NPS on drug user behavior, and best practices for the future identification of structural
identity and detail of newly emergent substances.

The emergence of novel stimulants mephedrone and methylone in 2007, followed by the first wave of synthetic cannabinoids in 2008, marked the
outbreak of the “designer drug” phenomenon. Due to the number of terms used to refer to the different substances, including “legal highs”, K2, Spice,
“bath salts,” and others, the scientific community agreed to refer to emergent substances as Novel Psychoactive Substances or NPS.

Attempting to agree on a universal term for emergent substances was the first of many challenges associated with NPS, and the field still struggles with
consistent naming. The large number of substances are diverse in terms of their effects and chemistry, and this has created significant analytical
challenges resulting from unavailability of standard reference materials and availability of the necessary technology. There have also been significant
impacts on drug user practices and behaviors as a result of the changing market.

This workshop will begin with an overview of the challenges, successes, opportunities, and future threats posed by NPS and will introduce the tools
and workflows that have developed to more quickly identify new substances and their potential harms, including in vitro and in vivo studies that help
categorize new substances and their potency and toxicity, that are essential to decisions about scheduling these substances. Later presentations will
cover examples of how investigators and laboratories have mobilized to respond to the investigation of NPS toxicity outbreaks and how the analytical
data are used to support public health measures. Other speakers will provide perspective on how the lack of consistency in the drug supply have led
users to change their behavior and take precautionary measures in their drug procurement and how successful or otherwise these strategies have been.
While analytical methods are now becoming well established for many types of NPS detection, identifying the absolute configuration of the drug
analogs is now receiving more attention, and the latter part of the workshop will assess emerging analytical techniques for resolving the identity of
positional isomers of new drugs. The last part of the program will look at how the forensic community and their partners have addressed issues of rapid
access to standard reference materials and expanding proficiency testing programs, including NPS detection.

Novel Psychoactive Substances, Designer Drugs, Emergent

Copyright 2020 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 -35-




- Workshops—2020

W22  “All Rise”: Successfully Navigating the Judicial System as an Expert Witness

Laura C. Fulginiti, PhD*, Forensic Science Center, Phoenix, AZ 85007; Daniel G. Martin, JD*, Superior Court of Arizona, Phoenix, AZ 85003; Betty
Layne DesPortes, JD, MS*, Benjamin & DesPortes, PC, Richmond, VA 23220; Kristin Larish, JD*, Maricopa County Attorney’s Office, Phoenix, AZ
85003; Kristen Hartnett-McCann, PhD*, Office of the Chief Medical Examiner, Farmington, CT 06032; Katelyn L. Bolhofner, PhD*, Arizona State
University, Glendale, AZ 85306; Andrew C. Seidel, PhD*, Arizona State University, Tempe, AZ 85287-2402

Learning Overview: After attending this workshop, attendees will be well-versed in the decorum, procedures, expectations, and environment of a
modern United States courtroom through active participation in the process.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by offering real-world experience in
expert testimony in an environment conducive to productive learning without the stress of an actual trial.

Forensic scientists are trained in the techniques, theory, history, and standards associated with their particular discipline. Often lacking, however, is
training in the application of those skills to the courtroom setting and, in particular, the presentation of expert testimony. A forensic expert’s ability to
effectively communicate in a courtroom setting is vital if that expert is going to make meaningful contributions to the justice system.

This workshop seeks to improve courtroom communication skills by providing a combination of lectures and hands-on learning that will introduce the
basic foundations of the United States court system, the roles of the participants, the types of pre-trial and trial processes that occur, and the opportunity
for attendees to practice testifying in a true-to-life courtroom environment with case-based scenarios.

Discussion will include the structure of the judicial system and the expert’s role in it. This brief introduction will be followed by a number of different
legal proceedings that may be encountered by an expert witness. Pretrial hearings (such as Daubert hearings) and trial testimony are among the topics
that will be explored. This workshop will be set up as a traditional courtroom with a judge, jury, court reporter, clerk of the court, and bailiff. Two
experienced attorneys will perform direct and cross-examination derived from real-life scenarios. The attorneys will demonstrate common techniques
used in court, such as focused direct examination, impeachment based on prior statements, personal interests or biases, and detailed cross-examination
about the limitations of the discipline or analysis. Time permitting, the judge and jury will be allowed to ask questions as well (as occurs in many
jurisdictions). The cases will all be criminal cases in order to provide the most commonly encountered scenarios in forensic science practice.

The goal of this workshop is to provide as many attendees as possible with a real-life courtroom experience. To that end, registrants will be selected to
participate in the “trials,” “hearings,” and other legal proceedings. The jury will be peopled with registrants as well in order to provide real-time feed-
back, critique, and suggestions. All attendees will be actively engaged in the process in some way, with the end result that all will feel more comfortable
and familiar with the courtroom. This workshop is geared toward scientists who have not yet testified, those that have limited experience, and those
that have a lot of time at the Bar (the Bar, not the bar ...). This mix of experience will benefit all attendees and provide active, engaging interactions.

Expert Witness, Judicial System, Testimony
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W23 Dispelling the Myths About the Forensic Examination of Handprinting

Linton Mohammed, PhD*, Forensic Science Consultants, Inc, Burlingame, CA 94010-2017; Lloyd Cunningham*, Alamo, CA 94507; Katelyn E. Bruno,
MFS*, Quantico, VA 22135; Linda L. Mitchell, BS*, Forensic QDE Lab, LLC, Escondido, CA 92025-4116; Brett Bishop*, Cheney, WA 99224

Learning Overview: After attending this workshop, attendees will be informed about the development of manuscript handprinting, motor-control
theories regarding how handprinting is learned, examination techniques with handprinting, and will conduct hand-on examinations of genuine and
simulated handprinting.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by informing attendees on the history and
development of manuscript handprinting and will enhance their abilities to conduct handprinting examinations. Attendees will also be prepared to
defend the reliability of handprinting examinations in court.

Handprinting examinations have been conducted successfully for many years by Forensic Document Examiners (FDEs). However, there have been
some recent court decisions in which handprinting evidence was deemed to be inadmissible due to a perceived lack of testing of the reliability of FDEs
in handprinting examinations. This workshop will seek to dispel the myths created by these court decisions and statements of some critics of
handprinting examination.

This workshop, which has a significant hands-on component, was designed to address the history and development of manuscript handprinting, the
various styles of manuscript handprinting, and its fine and subtle elements. Research in handprinting together with casework examples will be presented.
Motor-control theories of the development of handprinting will be presented and discussed. A review of empirical research conducted into the reliability
of handprinting examinations will also be conducted.

Avre there different examination techniques and methodologies applied to manuscript handprinting than applied to cursive writing? The transition from
manuscript handprinting to cursive writing will be covered as will the similarities and dissimilarities between the different styles of handwriting.

Critics of the forensic identification of handwriting have now attempted to create an illusion that manuscript “handprinting” is not identifiable. As one
critic stated recently, “Handwriting is different from handprinting as typewriting is different from either.” Unfortunately, some in the legal profession
have accepted this absurd illusion, and the identification of manuscript “handprinting” is now separately under attack. One judge stated, “Typical
handwriting analysis involves cursive writing, and the record is devoid of evidence that there is even a recognized field of expertise in the identification
of handprinting.”* Another court opined, “Ultimately, the limited testing that exists is inconclusive as to the reliability of handprinting analysis.”?
Recent court decisions and statements by critics of handprinting examination will be discussed and critiqued.

The issue of the techniques used to simulate manuscript handprinting and the difficulty factors in simulating cursive handwriting versus manuscript
handprinting will be the main focus of this workshop, which will also include the study and examination of practical problems by the attendees.

Reference(s):
L United States v. Fujii, 152 F. Supp. 2d 939 - Dist. Court, ND Illinois 2000.
2 United States v. Johnsted, 30 F. Supp. 3d 814 - Dist. Court, WD Wisconsin 2013.

Document Examination, Handprinting, Reliability
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W24  Forensic Postmortem Radiology: Crossing the Border Between Radiology and Pathology

Summer J. Decker, PhD*, University of South Florida Department of Radiology, Morsani College of Medicine, Tampa, FL 33606; Edward
Mazuchowski 1, MD, PhD*, Joint Trauma System, Joint Base San Antonio-Fort Sam Houston, TX 78234; Lars C. Ebert, PhD*, Universitat
Zurich, Zurich 8057, SWITZERLAND; Rachel M. Carew, MSc, University College Longon, UCL Security & Crime Science, London, UNITED
KINGDOM WC1H 9EZ; Jonathan M. Ford, PhD*, Department of Radiology, Tampa, FL 33606-3571; Frances E. Hollingbury, MBChB*, East
Midlands Forensic Pathology Unit, Leicester, Leicestershire LE2 7LX, UNITED KINGDOM; Jeroen J.F. Kroll*, Maastricht University Medical
Center, Maastricht 6229HX, NETHERLANDS; Natalie L. Adolphi, PhD, McCormick Lab, Albuquerque, NM 87131; Chris O’Donnell, MD*, Victorian
Institute for Forensic Medicine, Melbourne 3006, AUSTRALIA; Lars Oesterhelweg*, Institut fiir Rechtsmedizin der Charité, Berlin 10559, GERMANY;
Rick R. Van Rijn, MD, PhD*, Amsterdam University Medical Center & Netherlands Forensic Institute, Amsterdam, Noord Holland 1105AZ,
NETHERLANDS; Michael Thali, MD*, Universitat Zurich, Zurich 8057, SWITZERLAND

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

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

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

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

In the United States, only a few Medical Examiner’s (ME’s)/coroner’s offices (approximately 13) have access to this advanced medical imaging at this
time and very few have the budget to purchase the expensive equipment or to build a suitable facility with staff to maintain it. The current public health
crisis of opioid deaths is stretching an already strained ME’s system with regard to autopsy caps set by the National Association of Medical Examiners
(NAME) standards. Postmortem medical imaging can play a critical role in easing these demands for full autopsy on offices through triage screening
from PMCT.

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

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

Forensic Pathology, Forensic Radiology, Postmortem Computed Tomography
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W25 Working Toward a Wellness Mindset for Forensic and Investigative Personnel: Addressing Stress and
Trauma in the Workforce and Taking Steps to Change Agency and Professional Culture

Amanda L. Farrell, PhD*, Marymount University, Arlington, VA 22207; Jonathan D. Bethard, PhD*, University of South Florida, Tampa, FL 33620-
8100; Timothy J. Ainger, PhD*, University of Kentucky, Lexington, KY 40536; Christopher J. Scallon, MS*, Survival Mindset Consulting, LLC,
Newport News, VA 23602; Daniel E. Katz, MFS*, Maryland State Police, Pikesville, MD 21208; Lurena A. Huffman, BS*, EMDC Forensics, LLC,
Hampton, VA 23666

Learning Overview: After attending this workshop, attendees will understand and recognize how stress and trauma are tied to the forensic professions,
including in the form of vicarious trauma, and how exposure to trauma and stress impacts an employee’s personal and professional performance.!”
Attendees will also learn evidence-based strategies to mitigate and reduce the impacts of stress and trauma, as well as learn from the experience of the
anthropology program at the University of South Florida and the Maryland State Police’s Crime Laboratory efforts to address stress and trauma.
Attendees will be more aware of the various types of trauma that investigators and investigative personnel routinely encounter and the potential impacts
this may have, not only on the individual, but on the investigation and/or service provision. This workshop builds upon and expands the content of the
half-day workshop presented at the American Academy of Forensic Sciences Annual Scientific Meeting in 2019.8° Paths forward and the
implementation and incorporation of Evidence-Based Policy (EBP) will also be addressed so attendees can examine what policies and assistance are
available in their own agencies or assist in policy development.i%-18 This workshop will address concerns related to both line-level and supervisory
personnel.t®

Impact on the Forensic Science Community: This workshop will impact the forensic science community by providing attendees with the
understanding that the human experience is variable, and trauma exposure and symptoms even more so, leading to behavior patterns that can be complex
and abstract and by recognizing the manifestations of a variety of psychological—both behavioral and cognitive—impacts as a reaction to trauma and
stress exposure on the job. This workshop will also address the concept of trauma-informed agencies, ensuring that appropriate resources are available
to employees, focusing on evidence-based interventions. By attending this workshop, attendees will be better equipped to understand the potentially
short- and long-term impacts of trauma, as well as how to adapt investigative approaches and provide resources that will lead to increased chances of
not only a positive work environment, but likely a more efficient and cost-effective solution to maintaining employee health and well-being to avoid
burn-out and decreased cognitive abilities that may impact service provision and job performance.

In seeking to serve communities as forensic professionals, individuals are exposed to things the average citizen cannot understand; sometimes these
experiences stay with the individual. Recognizing that trends (e.qg., the opioid crisis) can exacerbate levels of stress and trauma faced by personnel, best
practices suggest that a trauma-informed agency has made preparations for employees and will have better success in terms of employee resilience and
productivity. This discussion is still in its infancy, due largely to issues of mental health stigma and the lack of research exploring how forensic
personnel experience trauma.

This workshop aims to broaden and continue discussions on a topic often considered taboo and highlights the variety of traumatic experiences faced
by personnel. Similar conversations have begun in different arenas associated with forensic sciences, evidenced by the creation of the American Society
of Crime Laboratory Directors (ASCLD) Stress and Trauma Task Force, the development of the Forensic Technology Center of Excellence (FTCoE)
webinar series, attention of the Organization of Scientific Area Committees (OSAC) Human Factors Committee, and mention in the forthcoming
Department Of Justice (DOJ) Needs Assessment of Forensic Laboratories (NAFL) report.?0-23

Cognitive implications subsequent to traumatic exposure are varied in presentation and require management, but may be difficult for forensic
professionals to detect. Amnestic complications of dissociation, as well as shifts in cognitive schemas following trauma have implications on both
cognitive functioning and possible treatment.?42> The cognitive impact of trauma can be seen in both primary and vicarious/secondary trauma exposure
(e.g., peers, treating clinicians).? Some research has suggested a negative impact on executive functioning and memory, which may be compounded
by repeated exposure to trauma.?”-3 These cognitive skills (necessary for effective forensic job performance) are being shown in the literature to be
impacted by trauma exposure.3132

Employee burnout can represent the loss of an employee, but also an agency’s financial investment in individuals (e.g., training, development). This
highlights the importance of striving for well-developed, empirically supported policies protecting the financial interests of the agency and jurisdiction,
in addition to the well-being of personnel. Even if the employee impacted by stress/trauma does not leave the agency, they may represent a financial
loss in terms of decreased productivity, workers’ compensation, litigation, absenteeism, and other similar costs.33-3% Professionals may not recognize
the psychological impacts of trauma exposure or cumulative stress, and the easiest response may be identifying these impacts as an individual
problem.3637 These effects may also relate to the human factors discussion taking place in the Academy.34° Research suggests cost-effective
approaches, and EBP should involve effective training, preparation, and swift intervention to avoid personnel developing longitudinal cognitive and/or
psychological deficits following trauma exposures. Utilizing Seamone’s argument to apply intervention and prevention programs, this workshop will
discuss multiple EBP options, as well how appropriate training can have preventative effects.50-67

This workshop will help attendees identify factors associated with these aforementioned needs, in addition to implementing empirically supported
strategies for proper management of cognitive/psychological concerns. This will impact the forensics community by elucidating that the human
experience is variable (as are symptoms of trauma exposure), leading to complex and abstract behavior patterns. This workshop addresses the concept
of trauma-informed agencies and ensuring that appropriate, evidence-based resources are available to employees. Attendees will be better equipped to
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workshop will use many cases, videos, and discussion points to illustrate the conceptual and applied understanding of how trauma and its impacts
fest. Given the nature of the material, this workshop is not recommended for those persons who are sensitive and/or in some form of crisis.
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W26 Overcoming Analytical Challenges Inherent in New Psychoactive Substances With Gas Chromatography
Coupled With Vapor Phase Infrared Detection (GC-IRD)

Agnes D. Winokur, MS*, Drug Enforcement Agency, Southeast Laboratory, Miami, FL 33182; Reta Newman, MA*, Pinellas County Forensic
Laboratory, Largo, FL 33778; Randall Clark, PhD*, Auburn University, School of Pharmacy, Auburn, AL 36849; Jose R. Almirall, PhD*, Florida
International University, Department of Chemistry, Miami, FL 33199

Learning Overview: The goals of this presentation are to obtain: (1) a more comprehensive awareness and understanding of the analytical challenges
inherent in the analysis of novel and emerging drugs; (2) an overview and better understanding of the role of GC-IRD applications in the analysis of
seized drugs; and (3) knowledge and tools for the optimization of GC-IRD methodology for the analysis of opioids, synthetic cathinones, and synthetic
cannabinoids.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by informing attendees that GC-IRD is
a useful alternative for the rapid detection and identification of novel substances when routine analytical techniques yield limited information.

After attending this session, participants will gain comprehensive knowledge and understanding on the unprecedented analytical challenges associated
with the influx of novel psychoactive substances in the illicit market during the past several years. Synthetic substances, such as synthetic cannabinoids,
opioids, and synthetic cathinones, continue to be illicitly manipulated to create more and new substances of equal or greater toxicity and potency.

With the emergence of these novel compounds, forensic crime laboratories are facing analytical challenges for the reliable detection and identification
of these substances. Due to their structural similarities, routine analytical methodology (e.g., gas chromatography/mass spectrometry) is often not
sufficient. To increase the complexity of the problem, a large number of seized drug evidence is now poly-drug, creating another challenge in the
separation of these substances. Laboratories have had to explore other options to increase their scientific capabilities.

Forensic scientists are frequently finding themselves turning to GC-IRD as a suitable alternative to routine instrumental techniques. Understanding the
theory and application of GC-IRD methods for the analysis of seized drugs will assist forensic scientists in better addressing the analytical challenges
that are inherent with today’s emerging psychoactive substances. Many of these substances generate the same or significantly similar mass spectra,
present co-elution problems, or may have associated thermally degradable concerns.

While the technology of GC-IRD is not new, its application to the forensic analysis of seized drugs continues to increase. Attendees will be introduced
to the most current analytical challenges associated with seized drugs analysis and will be introduced to GC-IRD background and theory. Attendees
will learn how to optimize GC-IRD methods and apply them to overcome existing challenges associated with synthetic cannabinoids, opioids
(specifically, fentanyl-related substances), and synthetic cathinones. Attendees will also learn how modern technological advances can be utilized for
even complex mixtures, such as the volume programmable temperature vaporization inlet and light pipe temperature options.

An overview of the role of GC-IRD in forensic laboratories will be provided, and how its applications are increasing their capabilities and making them
better equipped to address our nation’s opioid crisis and influx of novel and unknown substances.

GC-IRD, Psychoactive Substances, Opioids
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Al Collaborative Approaches in the Identification of Transgender and Gender Variant Decedents

Amy Michael, PhD*, Durham, NH 03824; Mariyam I. Isa, MA*, Michigan State University, East Lansing, M1 48824; Lee Redgrave, Athol, MA 01331;
Anthony Redgrave, MS, Athol, MA 01331

Learning Overview: After attending this presentation, attendees will have learned about a non-traditional, collaborative approach to aid positive
identifications in unsolved cases involving transgender and gender variant decedents.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by: (1) opening discussion about obstacles
to positive identification of transgender victims; and (2) presenting a collaborative forensic anthropology/genealogy approach to assist in recovering and
honoring the identities of these victims.

In cases involving skeletal remains, positive identification requires both osteological expertise and the ability to translate biological and contextual
information into a culturally appropriate representation of gender identity expressed during life. Anthropologists are uniquely suited to address the issue of
identifying transgender and gender variant individuals in forensic cases.

As osteological specialists, forensic anthropologists routinely estimate sex as part of the biological profile, often the first step toward identification.
However, an increasing percentage of the United States population (up to 3.0% or 9.8 million people) identifies as transgender or gender variant, thus
complicating the estimation of sex as a factor in positive identification.! Traditional sex estimation methods, while largely successful for cisgender
individuals, may be insufficient for cases involving transgender individuals.?3

A recent report demonstrates that as a result of systemic discrimination, transgender individuals experience disproportionately high rates of fatal violence
and suicide.* This same discrimination also creates barriers to identification in death. Missing persons may be unreported or incorrectly reported because
authorities or families refuse to acknowledge their gender identities.* Furthermore, transgender people may be mis-gendered on medical or legal documents
on file; 68% do not possess identification that accurately reflects both their name and gender.* As a result, transgender Does may be described as either
Jane or John, which may not match their lived gender or descriptions provided for them.

The Anthropology section of the American Academy of Forensic Sciences (AAFS) has actively worked toward increasing diversity and inclusion in the
section and in anthropological research in recent years. However, the problem of identifying transgender and gender variant decedents remains
underexamined in our field. This presentation focuses on one potential avenue toward identification resolution: collaboration with the Trans Doe Task
Force (TDTF), an organization created to find and research cases involving transgender decedents to assist the non-profit forensic genealogy-focused DNA
Doe Project. Both organizations are focused on generating positive identifications for John and Jane Does, though the TDTF focuses on researching and
identifying Doe cases who were likely transgender or gender variant during life. Forensic genealogy is, in part, the application of genealogical research to
the positive identification process. To date, AAFS does not recognize forensic genealogy as a forensic discipline due to an insufficient number of
practitioners in its membership. This study posits that the TDTF is an important component of the growing conversation around challenges in identifying
transgender victims in the field of forensic anthropology.

To illustrate the potentially productive collaboration between forensic genealogists and anthropologists, this presentation will present a case study in which
a creative and collective approach to identification was pursued. The Doe involved was likely mis-gendered via forensic art and the original police
investigation in the 1980s. The TDTF has identified this particular case as one that reflects the challenges surrounding cold cases involving gender variant
decedents. The necessary steps in case identification are presented to illustrate a successful research process and submission to the DNA Doe Project.
Traditional (e.g., the National Missing and Unidentified Persons System (NamUs)) and non-traditional means (e.g., archived LGBTQ+ zines, Trans Day
of Remembrance lists, Facebook® pages dedicated to missing and murdered transgender victims, etc.) are used during case research; these factors will be
of interest to forensic anthropologists who suspect they may be working on cases involving transgender individuals. Additionally, the case study will
demonstrate why and how sex estimation methods should be augmented in cases of transgender victims. Finally, a discussion of the possible privacy
concerns and case access issues involved in a combined forensic genealogy/anthropology approach will be reviewed.

In some cases, the translation of forensic genealogical data, in association with thorough police investigation and forensic sex estimation, are all necessary
to resolve identities of transgender decedents. A thoughtful, culturally informed approach anchored by an appreciation of gender diversity and identity in
marginalized populations will better serve the victim by more quickly resolving identifications and honoring the lived identity of the decedent.

Reference(s):

L GLAAD. 2017. Accelerating Acceptance. https://www.glaad.org/files/aa/2017_GLAAD_Accelerating_Acceptance.pdf.

2 Warren M.W., Roberts C., Altes K.B. Skeletal Markers of Gender Reassignment. A48. Proceedings of the American Academy of Forensic Sciences,
67" Annual Scientific Meeting, Orlando, FL. 2015.

3 Warren M.W. Context and Cognitive Bias: Informed Applied Science vs. Working in the Blind. A112. Proceedings of the American Academy of
Forensic Sciences, 67" Annual Scientific Meeting, Orlando, FL. 2015.

4 Human Rights Campaign Foundation. 2018. A National Epidemic: Fatal Anti-Transgender Violence in America in 2018.
https://assets2.hrc.org/files/assets/resources/AntiTransViolence-2018Report-Final.pdf? ga=2.64681327.1191269802.1570129723-
2062334073.1570129723.
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A2 The Frontal Versus Basal Region of the Cranium: A Comparison of the Best Sex Prediction Parameters
Using Discriminant Function Analysis

Preetika M. Chatterjee, PhD, Guru Ghasidas Central University, Bilaspur 495551, INDIA; Kewal Krishan, PhD*, Panjab University, Chandigarh 160 014,
INDIA

Learning Overview: After attending this presentation, attendees will understand the usefulness and methodology of sex estimation, especially from
various measurements of the cranium, which will help attendees choose the preferred parameters for different regions of the cranium and enable them
to conduct further research.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting standards for sex estimation
from various measurements of the cranial regions when the cranium as a whole or its parts, especially the frontal or facial and basal regions, is brought
for forensic examination.

One of the primary goals of any medicolegal investigation of human skeletal remains is to ascertain its identity. To achieve this goal, estimation of the
biological profile is the first step, which helps to narrow the area of search and potential number of suspects and, thus, helps in the medicolegal
investigation. A biological profile includes estimation of age, sex, stature, and ancestry. Sex determination needs to be performed ahead of age, stature,
and ancestry estimation as these factors are sex dependent. The cranium is among the most dimorphic parts of the skeleton, followed by the pelvis,
when it comes to sex determination from skeletal remains. However, implications of factors such as age, stature, and secular trends in craniofacial
morphology are yet to be understood and controlled completely and thus this variability in skull is so important that it has a direct bearing on the
accuracy and reliability of forensic anthropology tools. These variations are population-specific due to their genetic, environmental, and socio-economic
dependence. In this context, the present study was conducted to make discriminant function equations for determination of sex from the frontal and
basal region of the cranium in a central Indian population. The study is based upon a random sample of 187 adult crania (116 male, 71 female) aged
from 18 to 50 years. A total of 33 cranial measurements have been taken on each sample (24 on the frontal region; 9 on the basal region) according to
the standard procedures. The data were statistically analyzed using the Statistical Package for the Social Sciences (SPSS) computer software. Sex
differences in frontal and basal measurements were analyzed using Discriminant Function Analysis (DFA) and discriminant equations were calculated.
The best parameters for sex prediction were estimated from various measurements of the two regions of the cranium using linear and stepwise DFA.

Statistically significant differences (p <0.001) were observed between males and females for most of the measurements of the cranium in both regions.
A DFA was run on the measurements taken from both regions of the cranium separately. Mastoid breadth followed by bi-mastoid breadth proved to be
the best assessors of sex among nine parameters of basal region when subjected to direct (80.7%) as well as stepwise (79.1%) DFA. However, in the
frontal region, basion-bregma height followed by nasal height gave the best sex prediction among 24 parameters, with an overall accuracy of 81.8%
with linear analysis and 78.1% when subjected to stepwise DFA. Height measurements showed higher degree of sexual dimorphism in the frontal
region. However, the cranium showed maximum univariate sexual dimorphism in breadth parameters such as mastoid breadth and foramen magnum
breadth. The present study shows that both the regions can be helpful in sex determination with almost comparable accuracy, the only difference being
the dominant parameter in the frontal region is height dependent while that in the basal region is breadth dependent. Thus, in cases, where cranial
fragmentary remains are from the basal region, breadth measurements should be preferred over other measurements and when only frontal parts of
cranium are encountered, height measurements should be preferred over width measurements.

Forensic Anthropology, Sex Estimation, Cranial Measurements
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A3 Sex Determination Through the Evaluation of Foramen Magnum Measurements on an Italian Population

Carmelinda Angrisani, MD*, Institute of Legal Medicine, Bari, ITALY; Federica Mele, MD, Institute of Legal Medicine, Bari, ITALY; Roberto Maselli,
Istituto di Medicina Legale Bari, Bari, Puglia 70124, ITALY; Francesco Introna, MD, Dim Sezione Di Medicina Legale, Bari 70124, ITALY; Antonio
De Donno, PhD, Bari 70124, ITALY

Learning Overview: After attending this presentation, attendees will understand a new system for sex determination using head Computed
Tomography (CT) scan measurements of the foramen magnum.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a new metric sex
determination for Caucasians from ages 18 to 90 years.

This method is applicable for complete remains (cases in which it is comparable to other parameters) and incomplete ones due to dismemberment,
trauma (with no affection of the cranial base), and advanced states of decomposition.

Sex determination is an important initial step in forensic identification of unknown skeletal remains and it could be reached in different ways. One of
these, less described, is the morphometric evaluation of the foramen magnum. A few studies have been published, both on dry skull and on CT scan
evaluations. In the literature, CT scan measurements of the foramen magnum have been obtained on Turkish, Swiss, South Indian, and Iraqi populations,
but no study has been conducted on an Italian population. Furthermore, measurements taken into consideration in the present study were used in only
one study on a Saudi Arabian population.!

The CT images included in the present study were obtained from Caucasian patients undergoing head CT for medical or surgical reasons. The sample
was composed of 50 adults, 25 males and 25 females. Subjects with congenital or acquired cranial deformities were excluded. Measurements were
made using Horos™ Software Version 3.0. The following measurements of the foramen magnum were taken: Length of the Right Occipital Condyle
(LROC), Length of the Left Occipital Condyle (LLOC), Width of the Left Occipital Condyle (WLOC), Width of the Right Occipital Condyle (WROC),
Maximum Bicondylar Distance (MBD), Length of the Foramen Magnum (LFM), Width of the Foramen Magnum (WFM), Area of the Foramen
Magnum (AFM ), and Minimum Bicondylar Distance (MiBD).

The parameters 1 to 8 were evaluated from the Saudi Arabian study; the MiBD was a new parameter chosen for a more complete evaluation of
bicondylar distances.!

The primary purpose of this study was to validate the use of Saudi Arabian measurements even on an Italian Caucasian sample. Another goal was
determining whether the new measurement (MiBD) could also be used in sex determination. In the Saudi Arabian study, concordance was assessed for
sex with LROC, LLOC, LFM, WFM, and AFM. In this study, results from preliminary statistical analysis suggest a statistical association of sex with
LROC, LLOC, LFM, WFM, and AFM. Furthermore, no statistically significant concordance was found between sex and this new parameter (MiBD).

In conclusion, results were encouraging; therefore this study’s goal is to broaden the sample in order to obtain more statistically significant results.
Furthermore, this method could be reliable and repeatable and may provide forensic anthropologists with an additional tool for sex determination,
especially in situations where remains do not include other bones, especially the long ones.

Reference(s):

L Mohammed Madadin, Ritesh G. Menezes, Hind S. Al Saif, Hossain Abu Alola, Afnan Al Muhanna, Abid H. Gullenpet, K.R. Nagesh, Magdy A.
Kharoshah, Bander Al Dhafery. Morphometric evaluation of the foramen magnum for sex determination: A study from Saudi Arabia. Journal of
Forensic and Legal Medicine 46 (February 2017): 66-71, https://doi.org/10.1016/j.jflm.2017.01.001.
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A4 Assessing the Utility of Vertebral Body Heights as a Sex Indicator in United States Whites and Koreans

Yangseung Jeong, PhD*, Middle Tennessee State University, Murfreesboro, TN 37129; Eun Jin Woo, Sejong University, Seoul, Gwangjin gu, SOUTH
KOREA; Simon Pergande, Middle Tennessee State University, Murfreesboro, TN 37132; Omar Aly, Middle Tennessee State University, Murfreeshoro,
TN 37132

Learning Overview: After attending this presentation, attendees will understand that the vertebrae have a potential to be used for sex estimation in
United States Whites and Koreans. However, their utility differs between the two populations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by testing for the utility of United States
White and Korean vertebral body heights as a sex indicator, which has not been studied previously. Sex estimation using the vertebrae will enhance
the likelihood of identification of unknown skeletal remains, particularly when other sex indicators are missing or damaged. Additionally, this study
emphasizes that the vertebrae-based sex estimation methods need to be population-specific.

Sex estimation is a crucial part of a biological profile in forensic anthropology. The cranium and pelvic bones are regarded as the most useful sex
indicators. Other parts of a skeleton are also used for sex estimation, mostly due to size differences between sexes. The vertebrae have been studied for
this purpose, but it has been reported that the accuracy of sex estimation using the vertebrae may vary in different populations.! This study explores
how significant the contributions the vertebrae can make to sex estimation are in United States Whites and Koreans.

Vertebral body heights from C2 to L5 were measured from 140 Koreans (75 males and 65 females housed at eight institutions in South Korea) and 102
United States Whites (51 males and 51 females at the Bass Donated Skeletal Collection of the University of Tennessee) following Raxter et al.2 Then,
the discriminant function analyses were conducted on the individual vertebrae, followed by the stepwise analyses to find a set of the most influential
vertebrae.

Discriminant equations using the Korean samples yielded decent-to-good Correct Classification Ratios (CCRs) ranging from 65% (L2)-92.1%
(stepwise analysis). The CCRs of 75% or greater were obtained from 19 out of 24 equations (i.e., equations with the C2-T11, L1, and stepwise analysis).
On the other hand, the performance of the equations using the United States White samples was poorer, with the CCRs ranging from 48% (L2)-81.4%
(stepwise analysis). Only four equations (i.e., equations with the C4, C6, T2, and stepwise analysis) yielded the CCRs of 75% or greater. For both the
United States Whites and Koreans, the lumbar-involved equations tend to yield lower CCRs, except for the Korean equation with the L1.

In this study, the United States males (176.2cm) and Korean males (162.2cm) are taller than the United States females (163.3cm) and Korean females
(148.4cm) by 12.9cm and 13.8cm, respectively. The summed vertebral body heights correspond to approximately 30% of the total stature in both
populations. In Koreans, the difference in the summed vertebral body heights between sexes (4.2cm) explains 30.3% of their stature difference;
however, in the United States Whites, only 20.2% of the stature difference can be explained by the difference in the vertebrae (2.6cm). These findings
indicate that the vertebral column of the United States Whites does not contribute to the stature difference as much as that of the Koreans. Poorer
performance of the United States discriminant equations may also be explained by the smaller differences in the vertebral body heights between the
United States males and females. Vertebral body heights have potential as a sex indicator. However, their utility appears to depend on the biological
characteristics of the target population. Therefore, if the vertebrae are used for sex estimation, population-specific methods need to be generated and
validated before use.

Reference(s):

L Hora M., Sladek V. 2018. Population specificity of sex estimation from vertebrae. Forensic Science International 291:279e1-279e12.

2 Raxter M.H., Auerbach B.M., Ruff C.B. 2006. Revision of the Fully technique for estimating statures. American Journal of Physical Anthropology
130(3):374-384.
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A5 Estimation of Sex Based on Postcranial Elements in North American and Latin American Populations

Sara C. Zapico, PhD*, Florida International University, International Forensic Research Institute, Miami, FL 33199; Joe Adserias-Garriga, DDS, PhD*,
Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will have gained a better understanding of the potential use of postcranial elements
for sex determination in North American and Latin American populations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating the usefulness of the ulna
and humerus for sex estimation with high accuracies.

Sex estimation is one of the first components to be assessed toward the determination of the biological profile in skeletal remains. Classically, the visual
analysis of the pelvis is the preferred indicator of sex with a high degree of reliability. However, different scenarios render incomplete skeletons, leading
to the examination of various parts of the body and the application of different techniques for the correct assessment of this parameter.

Although different studies pointed out that the skull is the second best estimator of sex through visual assessment, when applied to statistical models,
it was not possible to reach the same accuracies as the pelvis. In fact, some studies indicated that postcranial sex estimates are generally superior to
skull estimates. Consequently, several studies have been focused on the analysis and measurement of long bones toward this purpose, including, in
some of them, the clavicle and scapula, and on increasing the accuracies of sex estimation. Although these studies indicated an improvement in sex
estimation when using postcranial elements, an issue is the scarce work on Latin American populations, since the majority of these studies were
developed on African- and European-Americans.

Previously described metric traits (maximum length of clavicle; cranial-caudal diameter of clavicle; diameter of humerus head; humerus condylar
breadth; scapular height; scapula breadth; femur epicondylar breath; and ulna minimum breadth of the olecranon) and a new one (olecranon-coronoid
distance from ulna) were measured from 72 North American individuals (41 males and 31 females) and 59 Latin American individuals (32 males and
27 females) from the American Museum of Natural History Collections in New York City and the Texas State University Collections in San Marcos,
TX. Statistical analyses was performed using the Statistical Package for Social Science (SPSS) version 15. Comparison between groups was conducted
using parametric or non-parametric tests. Discriminant function analysis models were performed to develop specific formulas for sex estimation.

Three independent measurements in three independent days were taken. After statistically corroborating that there was not intra-observer error, the
average of these three independent measurements was calculated and used to analyze their significance between males and females. In both populations,
all parameters showed significant differences between these two groups. However, when these measurements were introduced into discriminant
function analysis in the North American population, only the minimum breadth of the olecranon correctly classified 91.3% of individuals and through
cross-validation 89.9% of individuals. When this parameter was combined with the diameter of the humeral head, 98% of individuals were correctly
classified and 98% through cross-validation.

In the Latin American population, the introduction of all parameters into discriminant function analysis retrieved the same results, although with lower
classification accuracies. Again, the minimum breadth of the olecranon provided the highest classification accuracies (82.4% of individuals) and
through cross-validation (80.4%). In contrast, in this case the diameter of the humeral head correctly classified 79.4% of individuals, with the same
through cross-validation. This discrepancy with respect to the North American population could be due to the reduced number of analyzed individuals
(71 vs. 59).

These results are in agreement with previous studies, which pointed out the humerus as one of the potential bones to take into consideration for sex
estimation based on its accuracy. In addition, the minimum breadth of the olecranon in the ulna showed a high accuracy toward this purpose, rising in
combination with the diameter of humeral head, at least in the North American populations. Thus, these two anatomical regions could be used alone or
in combination with other methodologies for sex estimation, which is particularly important in situations of fragmentary remains. Future research may
be able to expand on these results, increasing the number of individuals to improve the estimation accuracies.

Postcranial Elements, Sex Estimation, Ulna
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A6 Evaluating Sexual Dimorphism Among South African Groups Using Dentition

Goodness P. Shakoane, BS, University of Pretoria, Anatomy, Pretoria 0084, SOUTH AFRICA; Ericka N. L’Abbe, PhD*, University of Pretoria,
Pretoria 00084, SOUTH AFRICA; Marie Christine Dussault, PhD, Brampton, ON L6Z 4B6, CANADA

Learning Overview: After attending this presentations, attendees will have gained knowledge of sexual dimorphism in dentition among South African
groups and the use of dentition, particularly canines, for sex estimation. Sex estimation is an important component of the biological profile as other
parameters, such as age-at-death, ancestry, and stature, are dependent on it. This presentation illustrates how teeth are a good source of information on
sex for extremely fragmented remains, owing to their postmortem longevity.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by contributing to the application of
knowledge of sexual dimorphism among three major South African groups. A more in-depth knowledge of sexual dimorphism within and between
South African populations can assist in the creation of biological profiles for unidentified persons with the use of large dental databases and statistical
software, as well as for improving dental implants and orthodontic treatment.

Human variation is a core component of an accurate biological profile from a heterogeneous population. South Africa is a poly-linguistic society with
more than 49 million people and is ideal for evaluating human variation, particularly sexual dimorphism, among diverse populations. Within the last
500 years, various groups, such as the Dutch, French, Malaysian, and Indian, have migrated to the country. Apartheid segregation laws affected gene
flow among indigenous and migrated groups, which contributed to distinct social/political designations including Black, White, “Colored,” and Indian
South Africans. Today, approximately 80% of the population identify themselves as Black; 9% “Colored”; 8% White; and 3% Indian. “Colored” refers
to a social group primarily from the Western Cape who are descendants of slaves from Indonesia, India, Malaysia, and Asia, and who were mixed with
Europeans and indigenous Khoi and San. The purpose of this study was to examine sexual dimorphism among the dentition of modern South African
populations and to assess whether observed dental variations were useful for developing population-specific sex estimation formulae for Black,
“Colored,” and White South Africans.

All available teeth (excluding third molars) were used from 906 adult crania with a known demographic profile (526 males, 380 females, 318 Black,
312 White, and 276 “Colored” South Africans). Data was obtained from three large modern 20™-century skeletal collections in South Africa (the
Pretoria Bone Collection, the Raymond A. Dart Collection, and the Kirsten Skeletal Collection). Four permanent crown dimensions were taken:
maximum mesiodistal, maximum buccolingual, and two molar diagonal diameters (mesiobuccal-distolingual and mesiolingual-distobuccal).! Technical
Error of Measurement (TEM), Analysis of Variance (ANOVA), sympercents, and Linear Discriminant Analysis (LDA) were computed in R (R. Core
Team, 2014) to describe the data and to generate population-specific sex estimation formulae.

All dental dimensions are highly repeatable with low inter- and intra-observer errors. All dimensions show statistically significant differences between
sexes, with males possessing larger dimensions than females. All dimensions and all groups exhibited sexual dimorphism. Canines had the highest
degree of sexual dimorphism, followed by molars, premolars, and incisors. Black and “Colored” South Africans presented with more sexual dimorphism
than White South Africans for all variables. LDA provided cross-validated correct classification rates up to 87%. Mandibular models performed best
for Black South Africans (79.45% to 87.50%) and White South Africans (60.71% to 85.71%), while models including upper and lower canines and
premolars performed best for “Colored” South Africans (73.68% to 83.33%).

Despite much research into sex and ancestry estimation among South Africans, less attention has been paid to human variation in the dentition within
and among these groups.? While all teeth were sexually dimorphic, the best multivariate combinations yielded accuracies similar to those of the cranium
(<90%). The long bones, scapula, and pelvis outperform the skull and dentition.® In any forensic investigation, the pelvis and long bones, respectively,
take preference over teeth. However, the dentition can be useful in circumstances of extreme fragmentation, burning, and/or commingling.

Reference(s):

L Hillson S. Teeth. Cambridge University Press; 2005. Jul 21.

2 Kriiger G.C., L’Abbé E.N., Stull K.E. Sex Estimation from the Long Bones of modern South Africans. Inter J Leg Med. 2017 Jan 1; 131(1):275-85.
3 Spradley M.K., Jantz R.L. Sex Estimation in Forensic Anthropology: Skull versus Postcranial elements. J For Sci. 2011 Mar; 56(2):289-96.
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A7 The Relationship Between Soft Tissue Anatomy and Skeletal Sexual Dimorphism in the Cranium and Clavicle

Jade S. De La Paz, MS*, University of Otago, Department of Anatomy, Dunedin, Otago 9016, NEW ZEALAND; Stephanie Woodley, PhD, University
of Otago, Dunedin 9016, NEW ZEALAND; Nawaporn Techataweewan, PhD, Khon Kaen University, Khon Kaen, THAILAND; Hallie Buckley, PhD,
University of Otago, Dunedin, Otago 9016, NEW ZEALAND; Sian Halcrow, PhD, University of Otago, Dunedin 9016, NEW ZEALAND

Learning Overview: After attending this presentation, attendees will understand the relationship between muscle, ligament, and skeletal enthesis size as it
relates to human skeletal sexual dimorphism in both the cranium and clavicle.:?

Impact on the Forensic Science Community: This presentation will impact the forensic science community by identifying how soft tissue affects the
morphology of the underlying skeleton and how this relates to sexual dimorphism at three skeletal landmarks: the nuchal crest and the mastoid processes of the
cranium, and the rhomboid fossa of the clavicle. Additionally, the forensic science community will have the opportunity to discuss future directions for
establishing a metric sex estimation method from the dissection phase of this study, which will be the focus of this presentation.

The overall goal of this research is to explore ways of establishing accurate metric sex estimation methods from the cranium and clavicle, through the dissection
of donated human cadaveric material and analysis of skeletal and soft tissue sexual dimorphism. In forensic anthropology, an absent pelvis requires sex
estimation from other areas of the skeleton, and many morphological and metric methods are available.* However, morphological sex assessment can
sometimes lack reliability due to the subjectivity and experience required for scoring skeletal morphology.>® It is important to have accurate sex estimation
methods to help with identification in modern forensic cases and to understand populations in archaeological settings. Metric methods can provide not only
accuracy, but also limit the subjectivity and expertise that is required for morphological methods.* This is a multidisciplinary research project, which approaches
a forensic anthropology question from an anatomical perspective.

This presentation focuses on the dissection phase of this project and the analysis of soft tissue associated with sexually dimorphic skeletal landmarks. Relevant
soft tissue attaching to the nuchal crest includes the upper trapezius (distal limit at the clavicular attachment), semispinalis capitis, and the nuchal ligament.
Muscles of interest for the mastoid processes are the sternocleidomastoid, splenius capitis, and longissimus capitis. Soft tissue related to the rhomboid fossa
includes the clavicular head of the pectoralis major, sternohyoid, subclavius, and the costoclavicular ligament.

A total of 22 bequeathed cadavers from modern European New Zealand and Thai populations were dissected using standard dissection equipment. Right and
left sides of each element, where available, were dissected for a total of 406 elements: 352 muscles and 54 ligaments. Muscles were dissected by individual
fascicles, which were measured for length and weighed for mass (converted to volume, per muscle density constant: mass/1.0576g/cm?). This was used to
calculate the physiological cross-sectional area, or overall size, of the muscle (fascicle volume/length). Ligaments were measured for cross-sectional area (overall
volume/length) and assessed separately from muscles.

Skin and fascia were removed to expose the relevant superficial muscles: the upper trapezius, sternocleidomastoid, and pectoralis major. Following their dissection,
further muscles, such as the rhomboid major and minor, were removed to expose the deeper muscles: the splenius capitis, longissimus capitis, and semispinalis
capitis. After the removal of each muscle, a grease pencil was used to outline all areas of attachment on the skeleton, providing the footprint of the entheses.

A 3D scan of the specimens was then taken, using a 3D scanning tablet attachment, to measure the total area of each enthesis as they related to the muscles and
ligaments, as well as the skeletal landmarks with which they are associated. Following this, the sternum, clavicles, and partial first ribs were removed en bloc to
access the sternohyoid, subclavius, and costoclavicular ligament for dissection. After all muscles and ligaments were dissected and recorded, the remaining elements
were 3D scanned. Finally, the skull, vertebral column, clavicles, and sternum/manubrium were prepared for maceration for future analysis of the dry skeleton.

Preliminary results indicate that males show generally larger muscles than females, with some exceptions. Following standard methodology, the individuals are
consistent with the male and female skeletal morphology.*-3 Even muscularly robust females show standard female characteristics, skeletally. The implications
for this muscular data can provide further insight into human sexual dimorphism in these well-understood skeletal landmarks, in addition to the lesser-understood
sexual dimorphism of the neck muscles. Future development of a population-specific metric sex estimation method from these data will contribute to improving
the accuracy of sex estimation from the cranium and clavicle.

Reference(s):.
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2 Walker P.L. Sexing skulls using discriminant function analysis of visually assessed traits. Am J Phys Anthropol. 2008 May;136(1):39-50.
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6 Garvin H.M., Ruff C.B. Sexual dimorphism in skeletal browridge and chin morphologies determined using a new quantitative method. Am J Phys
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A8 Sexual Dimorphism in the Shape of the Auricular Surface of the Ilium

Madeline Parker, MS*, Columbus, OH 43232-5451; Stephen P. Nawrocki, PhD, University of Indianapolis, Indianapolis, IN 46227-3697; Krista E.
Latham, PhD, University of Indianapolis, Indianapolis, IN 46227

Learning Overview: The goals of this presentation are for attendees to: (1) develop a better understanding of the factors influencing the shape of the
auricular surface; and (2) recognize the limitations of using the shape of the auricular surface to determine the sex of the decedent from skeletonized
remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a statistically rigorous study
of the shape of the auricular surface using a large recent skeletal sample, helping to resolve the contradictory findings of prior research.

The following null hypotheses are tested: the shape of the auricular surface does not covary with any independent (profile) variables, including:
(2) sex, (2) age, (3) collection of origin, (4) body size, or (5) the interaction between sex and collection of origin.

The coxa is considered to be the most sexually dimorphic bone in the adult human body and one of the most useful for sex determination from the
skeleton. The auricular surface of the ilium preserves well and is often present in archeological assemblages and forensic cases. While the shape of the
auricular surface has been analyzed with both metric and non-metric techniques, these studies tend to simplify the feature’s complex shape or else rely
on the use of a number of arbitrarily defined landmarks, which can limit the researcher’s ability to describe subtle shape differences or to elucidate the
causal effects of independent variables.

In this current study, the auricular surfaces of 964 identified “White” individuals from the United States (Bass Collection and Hamann-Todd Collection)
and Portugal (Coimbra Collection) were photographed, outlined, and subjected to elliptical Fourier analysis and principle component analysis. Analysis
of Covariance (ANCOVA) was then applied to the resulting eigenvalues for each principle component to tease out the effects of each independent
(profile) variable on auricular shape. Five effective principle components were distinguished. The first principal component (PC1) explains ~38% of
the variation in the shape of the auricular surface and reflects the posterior extension and curvature of the posterior border; it is not influenced by any
of the tested independent variables and may reflect difficulty in accurately locating the vaguely defined posterior edge of the surface. PC2 explains
~18% of the variation in the shape of the auricular surface and depicts what has traditionally been described as its “C-shaped” or “L-shaped” appearance.
PC2 is significantly affected by sex, with male surfaces being straight and “L-shaped” and females being more curved and “C-shaped”.

The stature of the decedent is also significant in females, where taller females tend to have more “feminine” auricular surfaces. PC3 explains ~14% of
the variation in shape and describes the pinching of the caudal limb and whether the center line running through the apex is twisted, creating an
asymmetrical appearance. Females have a more pinched caudal limb and the apex is oriented toward the cranial limb (asymmetrical), while males have
a less pinched caudal limb and the apex is oriented directly above/in front of the posterior indentation (symmetrical). The collection of origin is a
significant influence, with individuals from the Bass Collection having less pinched caudal limbs than individuals from the Coimbra or Hamann-Todd
Collections. PC4 explains ~6% of the variation in shape and describes the thickness of the cranial limb relative to the caudal limb. Only the collection
of origin was found to influence the shape variation described in PC4, where the bulbous cranial limbs in the Bass Collection differ from the thinner
cranial limbs of the other groups. PC5 explains ~5% of the variation in shape and describes whether both limbs are pointed or bulbous and whether
there are one or two indentations in the posterior border. Again, only the collection of origin was found to influence the shape, where the double
indentation of the Bass Collection differs from the single indentation of the other groups.

Overall, the best predictor of the shape of the auricular surface is the sex of the individual, but this factor only accounts for ~0.6% of the total shape
variation as described by the effective principal components. Therefore, while the traditional understanding of sexual dimorphism in the shape of the
auricular surface is verified here, anthropologists should give priority to other pelvic features over the auricular surface when determining the sex of a
decedent.

Forensic Anthropology, Sexual Dimorphism, Auricular Surface
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A9 Application and Evaluation of Adult Morphological Sex Traits Using the Subadult Innominate

Stephanie J. Cole, MS*, University of Nevada, Reno, Reno, NV 89557; Kyra E. Stull, PhD, University of Nevada, Reno, Reno, NV 89557

Learning Overview: After attending this presentation, attendees will understand the age at which adult morphological sex traits of the innominate can
be applied to subadults without compromising accuracy.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by showing that the innominate can be
used to estimate the sex of individuals younger than previously thought possible.

Sex estimation is arguably the most important parameter of the biological profile, as accurate estimates of age, ancestry, and stature are often contingent
on sex. Morphological evaluation of the ventral arc, subpubic contour, and medial aspect of the ischio-pubic ramus, as originally described by Phenice
and later modified by Klales et al., has shown to consistently provide accurate estimates of sex when applied to adults.> However, Phenice has warned
against applying these traits in individuals younger than 20 years of age.! Further, it is fairly ubiquitous among anthropologists that sex indicators are
not valid and/or sex estimation is not applicable in individuals less than 18 years of age. Indeed, attempts to estimate sex in subadults have routinely
yielded low classification accuracies and, therefore, it is advised against, especially in forensic contexts, for fear of misidentification. Unfortunately,
this has led to a paucity of research on the subject and stagnation in contributions to this area of the field.

To evaluate the performance of these three traits when applied to subadults and to determine the age at which adult levels of accuracy are achieved, the
Klales et al. method was applied to a sample of 301 individuals aged between 8.29 and 20.96 years using Multi-Slice Computed Tomography (MSCT)
postmortem scans.? Age cohorts were created using two-year intervals for individuals 11 years and older, and a three-year age cohort was created for
individuals aged 8.29 to 10.9 years to help increase the comparatively small sample sizes for younger individuals. Fisher’s exact test with Monte Carlo
simulation was used to test for sexual dimorphism in trait score frequencies between subadult males and subadult females for each trait in each age
cohort. To determine at which age trait score frequencies are comparable within the sexes (e.g., subadult and adult females), subadult score frequencies
for each cohort were compared to adult score frequencies previously reported in a comprehensive global study.® A Kruskal-Wallis test was applied and
if rejected, a Dunn’s test with Holm’s stepwise adjustment was used to determine which age cohorts differed.

Significant differences in score frequencies between subadult males and females were observed for all traits and all age cohorts (p<0.001) with the
exception of subpubic concavity for the 8 to 10.9 year cohort (p=0.827). Score frequencies between subadult and adult males differed in all cohorts,
but only for the medial aspect of the ischio-pubic ramus (p<0.018). Differences in score frequencies between subadult and adult females were more
common than in males and significant differences were observed in all traits in all cohorts (p<0.01), with some exceptions in older cohorts. Subadult
accuracy rates for combined sexes showed an extreme bias toward male classification for the 8 to 10.9 year and 11 to 12.9 year cohorts, with males
achieving perfect accuracies and females achieving 55.6% and 66.7% accuracies, respectively. A notable change was observed in the 13 to 14.9 year
cohort, with males achieving an accuracy of 92.9% and females achieving an accuracy of 86.4%. By 15 years, both sexes in all remaining cohorts
classified at rates at or above 90%, with sex biases switching to favor female classification. The accuracies achieved by 15 years are comparable to
those obtained for adults, and sex biases in favor of female classification are consistent with results observed in adults.??

The results of this study suggest that adult morphological sex traits of the innominate can be used to estimate sex in individuals as young as 13 years,
though comparable performance of the indicators are not observed until 15 years of age. The findings suggest sex can be estimated prior to individuals
reaching skeletal maturity, which is minimally five years younger than previously advised. While these results are encouraging, it is recommended that
more research be conducted to corroborate these findings before widespread application of the Phenice/Klales et al. methods to subadults in forensic
casework.12

This research was funded in part by a National Institute of Justice (NI1J) grant.

Reference(s):
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Al0 Sex Estimation of the Subadult Pelvis Prior to Acetabular Fusion

Heather M. Garvin, PhD*, Des Moines University, Des Moines, 1A 50312-4198; Katherine A. Marciniec, BS, Des Moines University, Des Moines, 1A
50312; Laura E. Cirillo, MA, University of Nevada, Reno, Reno, NV 89557; Michala K. Stock, PhD, High Point University, High Point, NC 27268-
4260; Kyra E. Stull, PhD, University of Nevada, Reno, Reno, NV 89557

Learning Overview: After attending this presentation, attendees will understand the limitations in sexing the subadult pelvis prior to fusion of the
acetabulum.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing sex estimation results and
recommendations for ilium outlines and basic pelvic measurements on a large sample of modern United States subadults.

The Scientific Working Group for Forensic Anthropology (SWGANTH) suggests that sex estimation should not be performed on subadults less than
12 to 14 years of age. A review of the literature, however, reveals multiple studies on the subadult pelvis that report significant levels of sexual
dimorphism and suggest a potential utility for subadult sex estimation, particularly using variables related to the ilium. The goal of this study was to
test the ability of ilium outlines, greater sciatic notch measurements, and pelvic length indices to differentiate males from females in a large, modern
sample of subadults.

Pelvic 3D surface models were extracted from postmortem Computed Tomography (CT) scans of 392 subadult individuals obtained from the University
of New Mexico Health Sciences Center, Office of the Medical Investigator aged 0 to 14 years. Only individuals in which the tri-radiate cartilage of the
acetabulum remained unfused were included in the study. Once orientation was standardized, 2D images of the internal/visceral surface of the ilia were
extracted from the 3D models, and elliptical Fourier analyses were performed on the ilium outlines (contours), followed by a Principal Component
(PC) analysis. Pubic length, ischial length, iliac height, maximum ilium breadth, and minimum ilium breadth were collected from the virtual specimens,
as were five measurements from the greater sciatic notch. The PCs and various indices of the pelvic and greater sciatic notch measurements were
subjected to Multivariate Analysis of Variance (MANCOVA) analyses to test for sex differences given age as a covariate. Discriminant Function
Analyses (DFAs) were performed to evaluate correct sex classification rates. It was hypothesized that sexual dimorphism in the pelvis should increase
with age; thus, analyses were rerun systematically eliminating the youngest one-year cohort one at a time in an attempt to determine a minimum age at
which the subadult pelvis can be sexed.

MANCOVA results indicate significant sex differences in ilium outline shape and pelvic measurements (p<0.05), and Analysis of Covariance
(ANCOVA) results revealed sexually dimorphic features related to greater sciatic notch shape and relative pubic length. Despite significant sex
differences, less than 70% of the individuals could be sexed correctly with the DFAs, regardless of the variables included. Eliminating the youngest
cohorts did not improve results. Scatter plots illustrate a large overlap between males and females in all variables. These results highlight the fact that
statistically significant sex differences do not equate to forensically acceptable classification results. Previous studies may be confounding those results
or their sample biases may be contributing to their positive results. When limiting analyses to only those individuals over the age of five years in the
current study, sample sizes were greatly reduced; thus, additional samples and analyses should be performed to evaluate potential sex classification in
subadults over the age of five years. Individuals aged five years or less, however, do not have high enough levels of sexual dimorphism in overall ilium
shape, greater sciatic notch morphology, or pelvic length indices to have utility in forensic anthropological assessments. Age was a significant covariate
for almost all variables, and morphological variation related to growth and development likely obscures any potential sex-discriminating variables at
these young ages.

This project was supported by the National Institute of Justice, Office of Justice Programs, United States Department of Justice. The opinions, findings,
and conclusions or recommendations expressed in this presentation are those of the authors and do not necessarily reflect the views of the Department
of Justice.
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All 3D Models of Paranasal Sinuses to Establish Age, Sex, and Ethnicity Across Three Modern Populations

Madeline H. Robles, MS, MRes*, University College London, London, England WC1H 9EZ, UNITED KINGDOM; Ruth M. Morgan, PhD, University
College London, London WC1H 9EZ, UNITED KINGDOM; Carolyn Rando, PhD, University College London, London WC1H OPY, UNITED
KINGDOM

Learning Overview: The objective of this research is to assess if the shape or size of the paranasal sinuses provide patterns that distinguish between
age, sex, and ethnicity on unknown remains that may assist with victim identification in forensic reconstructions.

Impact on the Forensic Science Community: This presentation will impact the forensic science community as attendees will leave with an
understanding of the production, accuracy, and utility of Three-Dimensional (3D) modeling as a primary visualization technique for 3D entities and
the ability of using this method for human identification. Attendees will be introduced to the findings of preliminary research that highlights the
potential of 3D modeling as a novel method for examining the paranasal sinuses to identify patterns that may assist with distinguishing between
individuals and victim identification.

The identification of unknown human remains can be an essential element to a forensic investigation or crime reconstruction. Technological advances
have furthered the development and understanding of trace evidence such that DNA and fingerprints have become the foundation of human
identification. However, when a body undergoes extreme damage, such as in cases of arson, these methods of identification may not be possible. In
conditions such as these, alternative methods of identification become critical.

Previous research has quantified the variability of the frontal sinus between individuals and has likened the distinctiveness of this structure to that of
fingerprint comparison. As a result, the frontal sinus has been successfully used as a primary source for identification supported by expert testimony in
the court of law. Therefore, examining the effectiveness of the paranasal sinuses in determining age, sex, and ethnicity is a valuable next step. However,
the existing literature on the paranasal sinuses are targeted toward practicing physicians for medical care and not explicitly intended for human
identification in a forensic context. For example, morphological patterns of the ethmoid sinus between populations has been documented solely as a
precautionary guide to mitigate complications during endoscopic sinus surgery. Consequently, the ability of the paranasal sinuses to provide biological
information to assist with forensic identification is under-researched. Therefore, there are no standard approaches for measuring or analyzing these
structures.

This study addressed this gap by developing a new approach for human identification using 3D models of the paranasal sinuses. Models were produced
from a database of modern Computed Tomography (CT) scans provided by University College London Hospital (UCLH). Elliptic Fourier and linear
analysis of 30 3D models produced from the CT data demonstrated notable variations and patterns with regard to discriminating age, sex, and ethnicity
across three distinct ethnic groups. The most promising classification rates ranged from 93% (p=.000) to 70% (p=005). This study also aimed to assess
the correlation between these variables to determine if one particular sinus has a more successful prediction rate than others to assist with identification.

The findings from this study lay the foundations for developing the means for fast and reliable identifications to be made as a result of computer-
assisted methods based from 3D reconstructions of the paranasal sinuses.

Identification, Three-Dimensional Reconstructions, Paranasal Sinuses
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Al2  Assessing the Accuracy of Current Ancestry and Sex Estimation Methods on a Japanese Sample

Cassie E. Skipper, MA*, University of Nevada, Reno, Reno, NV 89557; Marin A. Pilloud, PhD, University of Nevada, Reno, Reno, NV 89557-0096

Learning Overview: After attending this presentation, attendees will have gained a better understanding of the accuracy of current ancestry and sex
estimation methods on a Japanese skeletal sample.

Impact on the Forensic Science Community: This study will impact the forensic science community by investigating the suitability of currently
available reference samples. As these reference samples serve as the basis to estimate ancestry and sex within a medicolegal context, it is critical to
understand their accuracy in estimating these parameters on known skeletal samples. This work also highlights the diversity present in skeletal
populations and the need for large diverse reference samples.

According to the Migration Policy Institute, from 1960 to 2014 there was a 2,597% increase in Asian migrants to the United States, thus representing
30% of the United States’ foreign-born population.® Further, the 2010 Census reported that the Asian population is the fastest growing of any population
in the United States. Specifically, the Japanese population experienced an increase of up to 59%.2 However, most current biological profile estimation
methods in the United States are based on individuals of European and African ancestry, which are then used to estimate the biological profile of
unknown decedents in forensic cases. Despite studies stating the need for population-specific biological profile estimation methods, there is a scarcity
of research that has focused on ancestry and sex estimation methods for Asian populations. As Asian migration into the United States continues to rise,
so will the necessity for Asian-specific methods and reference data.

Heritable traits under investigation in biological anthropology include four major data types: craniometrics, cranial non-metrics and
macromorphoscopics, odontometrics, and dental morphology. Each data type reflects different biological, environmental, and evolutionary influences.
While similar research projects typically utilize only one or two data types, this study includes all four data types in a single project to present a holistic
approach to analyzing ancestry and sex estimation methods on an Asian sample. The aims of this study are: (1) to test the accuracy of current ancestry
and sex estimation methods on a Japanese sample, and (2) to explore the applicability of available reference populations when estimating the biological
profile of unknown Asian decedents.

Data were collected from a modern Japanese sample curated at the Jikei University School of Medicine in Tokyo, Japan (n=33). Data for each individual
were input into various statistical estimates typically used by forensic anthropologists. Craniometric data were assessed using FORDISC® 3.1 to
estimate sex and ancestry.® Cranial non-metric and macromorphoscopic data were analyzed using tetrachoric Mahalanobis distance and visualized
using multidimensional scaling to assess population affinity.* Odontometric data were compared to data presented in Pilloud et al. using FORDISC®
3.1 to estimate sex and ancestry.® Dental morphological data were input into the statistical program rASUDAS to estimate ancestry.®

Preliminary results using the craniometric, odontometric, and dental morphology datasets produced correct classification rates from 21.10%-36.40%
for ancestry, and the craniometric and odontometric datasets produced correct classification rates from 24.20%-36.40% for sex. The craniometric
dataset produced the most accurate estimates of ancestry, while the odontometric dataset provided the most accurate sex estimates.

These varied results likely stem from inappropriate or insufficient reference samples, unexplored variation in the study sample, and/or the statistical
treatments used in the current ancestry and sex estimation methods. Within forensic anthropology, there is a need to establish more robust reference
samples that represent a broad range of global variation. It may also be necessary to explore additional statistical treatments and the incorporation of
more than one type of data to accurately quantify population variation and sexual dimorphism.
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5 Pilloud, Marin A., Joseph T. Hefner, Tsunehiko Hanihara, and Atsuko Hayashi. The Use of Tooth Crown Measurements in the Assessment of
Ancestry. Journal of Forensic Sciences 59, no. 6 (2014): 1493-501.

6. Scott, G. Richard, Marin A. Pilloud, David Navega, Jodo d’Oliveira Coelho, Eugénia Cunha, and Joel Irish. Rasudas: A New Web-Based
Application for Estimating Ancestry from Tooth Morphology. Forensic Anthropology 1, no. 1 (2018): 18-31.
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Al13  Crossing the Borders of Linguistics, Ancestry, and Race in the Field of Forensic Anthropology

Alba E. Craig, BA*, Indianapolis, IN 46227; Krista E. Latham, PhD, University of Indianapolis, Indianapolis, IN 46227

Learning Overview: The learning objectives for this presentation include: (1) attendee appreciation of the linguistic complexities of applying
biological information obtained from the human skeleton to medicolegal statements regarding racial identity; (2) a discussion of the strengths and
limitations of current terminology utilized in scientific publications; and (3) a call for further discussion regarding the language used to describe
ancestral affiliations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating that the presence and
acceptance of the overlap between biological ancestry and social race should be used as a way to open discussion about appropriate usage of terminology
to reach a more holistic way of defining an individual’s ancestry and racial identity based on their skeletal traits.

Forensic anthropologists must often navigate the borders between a holistic, theoretical science and the practical applications of the United States
medicolegal system. On the one hand, forensic anthropologists recognize that humans display normal human variation that is not categorical in nature;
yet, on the other hand, they provide medicolegal authorities with ancestral assessments to aid in the identification of unidentified human remains. To
do so, forensic anthropologists rely on correlations between the expressions of certain biological traits and an individual’s social race. While forensic
anthropologists should be cognizant of the differences between assessed skeletal ancestry and social race, the scientific literature suggests otherwise,
as the terminology for ancestry and the terminology for social race are often used interchangeably in the context of human identification and human
identification research.

As the field of forensic anthropology continues to grow and populations continue to change, an emphasis on the use of terminology used to define an
individual’s ancestry and race becomes increasingly important to discuss. A review of forensic anthropology articles in the Journal of Forensic Sciences
and the American Journal of Physical Anthropology from 2008 to 2019 demonstrates a notable shift in how ancestry is defined and discussed. This
may reflect larger trends in terminology and thinking in the field of anthropology as articulated by the American Anthropological Association statement
on race.! Some authors have actively made the decision to emphasize that the specific terminology used in their publication may not be encompassing
of all individuals classified within said group. While this emphasis in terminology is more commonly geared toward minority groups (such as Hispanics
and Blacks), this idea can and should be applied to all ancestral groups of focus in the field. If the terminology used to describe an ancestral group
cannot fully embrace the variation that exists within the group, a push toward a change in terminology should be the next step.

Anthropologists recognize that social race is complex, personal, and political. Colleagues in the American Association of Physical Anthropologists
have recently articulated concerns regarding the overly simplistic equating of skeletal biology and social race and the potential sociopolitical
consequences.? This presentation serves as an avenue to present questions and concepts to consider, such as: Why do researchers continue to narrow
the definition of Hispanic and Black into distinct smaller and smaller subpopulations (for example: Caribbean Black, South Carolina Slave, Mexican,
or North American Hispanic) while the definition of White seems to encompass individuals from a variety of geographic, cultural, and linguistic
backgrounds? Why are these distinctions never addressed or discussed in forensic anthropology reports aiding in the identification of human remains?
Should the Anthropology Section of the American Academy of Forensic Sciences consider standardizing racial terminology used in forensic
anthropology reports? What is the obligation of the forensic anthropologist to consider the broader cultural ramifications associated with the use of
certain racial terminologies in their reports in regard to identification and investigation efforts?

The data in this presentation collected from the scientific literature supports the hypothesis that social race is culturally defined and evolves over time.
Therefore, forensic anthropologists should consider not only how racial terminology impacts identification, but also the ways in which skeletal variation
and social race are understood—or misunderstood—~hy the larger medicolegal community. Not only is this type of discussion important to the field of
forensic anthropology in relation to biological profile construction, but its importance also expands to the medicolegal system, as improved terminology
could ultimately lead to an improved identification process for unidentified human remains.

Reference(s):

L AAA Statement on Race, American Anthropological Association, May 17, 1998,
https://www.americananthro.org/ConnectWithAAA/Content.aspx?ltemNumber=2583.

2 AAPA Statement on Race and Racism, American Association of Physical Anthropologists, March 27, 2019, https://physanth.org/about/position-
statements/aapa-statement-race-and-racism-2019/.
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Al4  The Use of Eye Tracking Technology in Forensic Anthropology: An Empirical Approach to Advancing the
Understanding of Complex Visual Tasks in Cranial Macromorphoscopic Trait Evaluations

Sherry Nakhaeizadeh*, University College London, London WC1H 9EZ, UNITED KINGDOM; Micayla C. Spiros, MS, East Lansing, MI 48823;
Joseph T. Hefner, PhD, Michigan State University, East Lansing, M1 48824; Tim Thompson, PhD, Teesside University, Middlesbrough, Cleveland TS1
3BA, UNITED KINGDOM; Ruth M. Morgan, PhD, University College London, London WC1H 9EZ, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will gain insights into the successful usability of eye tracking technology in forensic
anthropology, method development in ancestry assessments specifically, and visual skeletal assessments more broadly.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating how eye tracking
approaches have the potential to be utilized to measure empirically the extent of visual attention used in complex tasks. The goal of this presentation is
to demonstrate to attendees the usability of eye tracking technology as a research tool in forensic anthropology to study empirically visual gaze patterns
involved in the interpretation of skeletal remains.

This presentation provides insight into the application of eye tracking technology in forensic anthropology by first, providing an overview of key
research that has been conducted within this area in forensic science and, second, by presenting specific eye tracking data collected from a preliminary
study in visual Macromorphoscopic (MMS) trait analyses for ancestry estimations.

The use of eye trackers as a research tool has increased in recent years, with a growing interest from a number of different disciplines.® Eye trackers
are measurement devices used to capture eye movements and have been applied to assess tacit knowledge from human experts and their performance
within multiple domains.? In forensic science, however, the use of eye tracking technology as a tool to study forensic decision-making is largely
underutilized, with only a few published studies conducted to date.> Forensic anthropologists rely heavily on well-established visual methods when
conducting the task of creating a biological profile. To some extent, this practice takes full advantage of the human perceptual system.

This presentation will showcase the results from an initial empirical study conducted using eye tracking technology to consider the MMS procedures
used in ancestry estimation. This study sought to assess the capabilities of using eye trackers as a tool in studying visual processing and strategies
involved in MMS procedures by looking at participants’ fixation points (what features participants focus on), fixation duration (total time participants
spend looking at the different features involved in the method), scan path (the order in which participants look at the features), and visit count and
duration (the number of total visits and duration to particular areas).

The results of this preliminary study identified differences in gaze “strategies” with regard to fixation points, visit duration, and visit counts between
the participants. The data generated provide a starting point for assessing how such technologies could be used in order to understand the decision-
making processes involved in forensic anthropological interpretations and their role in forensic reconstructions more fully. These results will be
discussed from an “applied” point of view, in terms of presenting the type of data collected, and how the data was quantified and analyzed.

Ultimately, the findings provide valuable insights into how to interpret and use the data in order to advance our understanding of the decision-making
processes involved in the assessment of skeletal remains, and provide more transparent and reproducible evaluative reconstructions.

Reference(s):

L Horsley, M., Eliot, M., Knight, B.A.& Reilly, R. (2014). Current Trends in Eye Tracking Research, Springer International Publishing, Cham,
2014. doi:10.1007/978-3-319-02868-2.

2 Duchowski, A.T. (2017). Eye tracking methodology : Theory and practice, 3rd ed., Springer.

3 Dyer, A.G., Found, B., and Rogers, D. (2006). Visual Attention and Expertise for Forensic Signature Analysis, J. Forensic Sci. 51 (2006) 1397—
1404. do0i:10.1111/J.1556-4029.2006.00269.X.

4 Busey, T., Yu, C., Wyatte, D., Vanderkolk, J., Parada, F., and Akavipat, R. (2011) Consistency and Variability Among Latent Print Examiners as
Revealed by Eye Tracking Methodologies, Journal of Forensic Identification, 61(1), 60-91.

5 Arthur, R.M., Hoogenboom, J., Green, R.D., Taylor, M.C., and de Bruin, K.G. (2018). An eye tracking study of bloodstain pattern analysts during
pattern classification. International Journal of Legal Medicine, 132(3), 875-885.
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Al5  Eye Tracking to Assess Decision-Making in Cranial Macromorphoscopic (MMS) Trait Evaluation:
Implications of Education and Training in Method Application

Micayla C. Spiros, MS*, East Lansing, M1 48823; Sherry Nakhaeizadeh, University College London, London WC1H 9EZ, UNITED KINGDOM; Ruth
M. Morgan, PhD, University College London, London WC1H 9EZ, UNITED KINGDOM; Tim Thompson, PhD, Teesside University, Middlesbrough,
Cleveland TS1 3BA, UNITED KINGDOM; Joseph T. Hefner, PhD, Michigan State University, East Lansing, Ml 48824

Learning Overview: After attending this presentation, attendees will better understand the impacts of experience and education on decision-making
processes and how eye gaze behavior is associated with MMS trait analyses, method development, and method improvement.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how eye tracking
technology can grant further insights into the application of forensic anthropological methods with a focus on ancestry estimation. Research in multiple
forensic science disciplines delve into how technology can be used to understand decisions made by experts in their respective fields. Investigating
anthropological methods from this cross-disciplinary approach can help researchers understand human decision-making, specifically how and when
variance occur in method application and thus support the improvement of method development and training.

In this study, ten individuals with various education and experience levels assessed two skulls using the MMS scoring procedure while wearing Tobii
Pro eye tracking glasses. Data from the glasses allowed the creation and analysis of eye fixation patterns. This includes time recorded for each of the
17 MMS traits, time spent on each individual skull, and the overall time of analysis. Individuals were assigned distinct groups based on a preliminary
questionnaire. These groups are separated into the following categories: (1) education level, (2) MMS experience, and (3) a combination of both
education and experience.

For this study, time was used as a proxy for confidence in decision making for the MMS method. A Kruskal-Wallis test was used to compare the times
between the three groups. Kruskal-Wallis and pairwise Wilcoxon rank sum tests were applied comparing the times for each individual MMS trait
between the groups. A two-way mixed-effects model for Intraclass Correlations Coefficients (ICC) was used to measure inter-observer reliability of
the MMS scores on each skull.

When looking at the median times for each trait, the Nasal Aperture Width (NAW) was the quickest scored trait, with an overall median time of 14.59
seconds. The results also show that Nasal Bone Contour (NBC) took the longest to score, nearly 16 seconds slower than the next longest trait to score,
the Transverse Palatine Suture (TPS).

When analyzing the median overall time to score both skulls, a Kruskal-Wallis rank sum test indicates individuals with <2 years of MMS experience
and individuals with >2 years of MMS experience differed significantly (p=0.01052). The results from the Kruskal-Wallis and Wilcoxon rank sum
tests for individual MMS traits show that time differences between experience, education, or a combination of both are not significant. While none of
these differences are significant, individuals with more than two years of experience were consistently quicker than individuals with less than two years
of experience, with the exception of: (1) nasal overgrowth, (2) orbital shape, and (3) postbregmatic depression.

The results of inter-observer error using the single fixed rater ICC indicate reliability between the ten individuals is moderate (ICC=0.72-0.74). When
grouped by education level, the ICC results indicate good agreement between groups (ICC=0.86). ICC results based on the experienced groups show
good to excellent agreement (ICC=0.86-0.92). Overall, when splitting the assessors into the four groups based on experience and education level, the
ICC results indicate good agreement (ICC=0.82-0.88), demonstrating that experience is the key to higher reliability between assessors. The ICC results
indicate that the inter-observer reliability is high for the MMS method, with experience only slightly improving the agreement between groups.

Using the time data, ICC results, and heat maps created from the eye gaze patterns, eye tracking technologies allow researchers to visualize where
variance may be occurring between assessors to identify critical parts of decision-making process. Through empirical decision-making studies, forensic
anthropologists can move forward and improve practice by decreasing observer differences by targeting confusing or problematic aspects of a method.
This allows training to focus on problematic traits when training forensic anthropologists.

Forensic Anthropology, Macromorphoscopic, Decision-Making

Copyright 2020 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 -




Anthropology—2020

Al6  Metric and Non-Metric Ancestry Evaluation Analysis of the Craniofacial Region in Greek-Cypriots:
A Pilot Study

Madyson R. Stephenson*, Newberry, FL 32669; Anna S. La Valley, MS, Reston, VA 20190; Xenia P. Kyriakou, MA, Florida Gulf Coast University,
Fort Myers, FL 33965-6565

Learning Overview: After attending this presentation, attendees will have a better understanding of the need to create population-based standards for
less-studied regions, such as Cyprus and the wider eastern Mediterranean. This study combines different ancestry evaluation techniques developed
around the world in order to determine an ancestry profile for Greek-Cypriots. This study also discusses the value of the Greek-Cypriot population as
a platform for the development of human identification standards that could server the rest of the eastern Mediterranean region.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by offering a new composite method in
ancestry evaluation that could serve as a population-based standard for human identification for Greek-Cypriots. This research utilizes a combination
of metric analysis and non-metric observations to determine the skeletal “face” of Greek-Cypriots. This pilot study evaluates the relationship between
different bones of the facial skeleton and their bordering landmarks. Thus, this study offers a unique insight of how different methods could work
together to the development of a single ancestry evaluation approach for a newly studied population. Furthermore, the genetic makeup of Greek-
Cypriots resembles that of its immediate neighbors; thus the results of this study, with little or no modification, could be applicable in establishing
positive identification for unidentified remains retrieved in those areas.

Ancestry is a topic less studied in Europe and the Mediterranean region than in the United States. Little effort has been made to define the morphological
parameters of the different populations that constitute the continent. The underlying hypothesis that we are all European-White in Europe has played a
major role in ancestry being a less common research subject. However, open borders within the Eurozone and immigrant influx from war-afflicted
countries have increased the need for ancestry standards to be developed as Europe and the Mediterranean are now characterized by mixed and admixed
communities.

Combining both metrics and non-metric traits, the aim of this study is to create an objective methodological framework for analysis for this particular
region of the cranium. The objective of this study is to define the craniofacial character of Greek-Cypriots and establish ancestry-related parameters.
Methods focusing on more area-specific regions of the cranium can further aid in the evaluation of ancestry of fragmentary remains. In a pilot study of
contemporary skeletons from the Cyprus Reference Research Collection (CRRC), focus was placed on the identification of macromorphoscopic and
metric characteristics of the zygomatic bone in relation to the maxilla, orbits, and nasals.

A total of 50 crania were assessed using a total of 17 measurements, 5 of which aimed at recording size differences between males and females. The
presence, frequency, and expression of ten non-metric traits from the zygomatic region was assessed macroscopically. While metrics show that a degree
of sexual dimorphism in the overall size of this region of the facial skeleton is present, in some instances the overlap between male and female ranges
was significant. Furthermore, when compared to other population groups, the mean average of bizygomatic breadth in Greek-Cypriots show distinct
ancestral character specific to this population. With regard to non-metric observations, in many instances zygomatic traits classified within the low
expression categories. However, some traits proved to be population specific. For example, a projecting zygoma was a predominant male (64%) and
female (80%) characteristic, with an overall 72% incidence value; while the malar tubercle was greatly absent in both sexes. Additionally, the shape of
the zygomatico-temporal suture was assessed, and a potentially a new non-metric trait was discovered during this research project.

In conclusion, the results of this study suggest that the combination of both metric and non-metric analysis is a useful tool in ancestry evaluation. The
two approaches are complementary to each other and provide an objective framework for the determination of ancestry in skeletal remains but also
reflect on the underlying similarities and differences between the sexes.

Ancestry Evaluation, Macromorphoscopic, Sexual Dimorphism
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Al7  Craniofacial Modularity and Integration: Implications for Ancestry Assessment

Janet E. Finlayson, MA*, C.A. Pound Human Identification Laboratory, University of Florida, Gainesville, FL 32610; Michala K. Stock, PhD, High
Point University, High Point, NC 27268-4260

Learning Overview: The goal of this presentation is to evaluate the covariance of select craniofacial features to assess integration and modularity of
the facial skeleton. After attending this presentation, attendees will better understand the morphological relationships between select facial features
commonly used in ancestry assessment.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an understanding of the
degree of craniofacial morphological covariance, identifying boundaries of correlated traits, and recognizing the implications integration and modularity
may have for interpreting skeletal ancestry.

Integration and modularity describe covariation of traits and are conceptually linked. Integration refers to the coordinated joint variation of traits. When
such covariation of traits is tightly correlated and internally concentrated within a region, but remains distinct and relatively independent from other
traits, this is recognized as modularity. While integration and modularity of the human cranium are well acknowledged in evolutionary and
morphometric studies, researching these patterns of trait interactions remains valuable as they directly affect phenotypic trait expression. Quantification
of these interactions is relevant to forensic anthropologists because the form and spatial relationships of craniofacial features are commonly analyzed
to estimate an unknown individual’s ancestral affiliation.

Three-Dimensional (3D) coordinate data were collected from 27 identified individuals analyzed at the University of Florida C.A. Pound Human
Identification Laboratory. Selection of individuals included the following criteria: (1) 3D surface scans collected using a NextEngine™ 3D Laser
Scanner were available; (2) the individual’s age-at-death was >18 years; and (3) select craniofacial landmarks were not affected/obscured by
pathological conditions, trauma, or taphonomic modification. Coordinate data of 16 standard craniofacial landmarks were collected for each individual
and partitioned into “upper,” “middle,” and “lower” non-overlapping compartments (modules) of the face. Four possible scenarios of these subdivisions
were organized, each demonstrating different boundaries defining facial compartments and thus including different combinations of landmarks within
compartments.

The data were analyzed in R™ using a simultaneous-fit approach, in which a generalized Procrustes fit was performed on all coordinates, followed by
a series of covariance tests to assess integration and modularity (¢=0.05). Two-block Partial Least Squares (PLS) analyses of the Procrustes coordinates
indicated that of the four compartment scenarios, modules of the face are best compartmentalized by visceral function rather than by the mere proximity
of neighboring landmarks (i.e., this scenario showed the highest degree of independence between compartments). Accordingly, skeletal landmarks on
the boundaries of the orbital, nasal, and oral cavities correspond to the upper, middle, and lower compartments, respectively. Of this visceral
compartmentalization scenario, pairwise PLS analyses of Procrustes coordinates between each module yielded significant results for comparisons of
the orbital:nasal (reLs=0.78) and nasal:oral (re.s=0.89) compartments; the comparison of the orbital:oral compartments approached significance
(rrs=0.71;p=0.06). The average degree of integration between the three visceral modules was not significant (re.s=0.80;p=0.77), suggesting that
integration among these modules occurs in a chain-link pattern, with those compartments that are more closely linked spatially and developmentally
showing greater magnitudes of integration. Pairwise covariance ratio tests were conducted to quantify the degree of modularity of the facial
compartments and yielded insignificant results in all comparisons. These results demonstrate that despite regions of trait correlations defined by visceral
functions, covariation in facial traits crosses the borders delimiting the distinct organs of special sense.

The points selected for this study, while considered standard craniofacial landmarks, correspond directly to facial features that are regularly used in
assessments of skeletal ancestry. Investigating the covariation between these traits can elucidate underlying processes that produce phenotypic variation,
and in this context, aid the understanding of craniofacial traits and which are biologically meaningful for ancestry assessments. In summary, this study
shows that the facial skeleton can be partitioned into three modules based on visceral function that show large magnitudes of integration with one
another. Importantly, this integration is not uniform throughout the face, meaning that some traits are more highly correlated with each other to the
exclusion of other traits. These findings have implications for ancestry assessment, wherein methods rely on relative relationships between traits, or
assessing multiple traits that this study shows to be highly integrated and are consequently not independent of one another. Therefore, this research can
serve as a foundation to advance approaches to ancestry assessment.

Trait Covariation, Geometric Morphometrics, Morphological Variation
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Al8 Re-Evaluating Skeletal Ancestry Traits Using Three-Dimensional Technology

Elisabeth Cuerrier-Richer, MSc*, Brossard, PQ J4Z 0A5, CANADA; Tracy Rogers, PhD, University of Toronto at Mississauga, Mississauga, ON L5L 1C6,
CANADA

Learning Overview: After attending this presentation, attendees will better understand the use of Three-Dimensional (3D) technology to quantify
morphological ancestry traits on the human skull.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating possible advancements
in the field of forensic anthropology, more specifically the development of a new, more precise, and standardized method of ancestry assessment using
modern-day technology. With regard to competence and performance, this method can contribute to making ancestry assessments less dependent on
an anthropologist’s experience with human variation and more accessible to younger forensic anthropologists.

According to the Royal Canadian Mounted Police (RCMP), women of Canadian Indigenous descent, previously referred to as Aboriginal, are at a
higher risk of being victims of violence than other women in Canada.! As of 2015, 204 cases of missing and murdered Indigenous women remained
unsolved, making it a major concern for Canadian Indigenous communities, who are still pressing for the identification of these women.? Forensic
anthropology can contribute to the identification of victims by establishing a biological profile of the skeleton, including the evaluation of sex, ancestry,
and age from human remains.® Ancestry assessment describes population affinity based on two criteria: morphological analyses, which examine size
and shape of bone features, and metric analyses, which use skeletal measurements.* Morphological analyses are difficult to reproduce and standardize,
as they strongly depend on subjective judgments by anthropologists, based on their experience with human variation.®

The purpose of this research was to improve the rigor of morphological analyses of ancestry by using 3D technology to quantify relevant features on
the human skull. More specifically, circumference/perimeter, surface area, and proportion ratios were used to characterize the 3D outline of the orbits,
the nasal cavity, and the palate. The sample was comprised of 24 Canadian Inuit, 50 European-American, and 13 African-American adult female crania,
for a total sample size of 87 individuals. The samples were imaged using photogrammetry, the 3D models were constructed in 3DF Zephyr, and the
shape analysis was performed in 3DS Max. The data were statistically analyzed using a non-Parametric Multivariate Analysis Of Variance
(PERMANOVA), a Linear Discriminant Analysis (LDA), and a Principal Component Analysis (PCA). Results showed that individually, the 3D
measurements were not very informative, since there was significant overlap between groups for the different traits evaluated. However, major
differences between groups were clearest when 3D measurements were combined using multivariate statistics. Overall, European-Americans were
statistically different from the other two groups, while Canadian Inuit and African American individuals were harder to distinguish statistically. The
current method presented a classification rate of 87.36% (jackknifed: 80.46%) and an average repeatability of 97% when all measurements were
combined. Nevertheless, this project had limitations and further research should evaluate the current method with a larger sample size, more
populations, other ancestry-related cranial traits, such as the oval window, and other 3D measurements, such as volume.® Despite its limitations, this
new and simple method of 3D shape analysis has potential and shows promise for the future of ancestry assessment via 3D imaging.

Reference(s):

L Royal Canadian Mounted Police. Missing and murdered Aboriginal women: A national operational overview (London, ON: Royal Canadian
Mounted Police, 2014).

2 Tina H. Mahony, Joanna Jacob, and Heather Hobson. Women in Canada: A Gender-Based Statistical Report—Women and the Criminal Justice
System (Ottawa, ON: Statistics Canada, 2017).

3 Angi M. Christensen, Nicholas V. Passalacqua, and Eric J. Bartelink. Forensic Anthropology: Current Methods and Practice (Amsterdam:
Elsevier Inc., Academic Press, 2014).

4 Cris E. Hughes, Chelsey A. Juarez, Taylor L. Hughes, Alison Galloway, Gillian Fowler, and Shirley Chacon. A Simulation for Exploring the
Effects of the “Trait List” Method’s Subjectivity on Consistency and Accuracy of Ancestry Estimations, Journal of Forensic Science 56, no. 5
(September 2011): 1094-1106.

5 Joseph H. Hefner. Cranial Nonmetric Variation and Estimating Ancestry. Journal of Forensic Science 54, no. 5 (September 2009): 985-995.

6 Tim D. White, Michael T. Black, and Pieter A. Folkens. Human osteology, 3rd ed. (Amsterdam: Elsevier Inc., Academic Press, 2012).
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Al19 A Comparison of Two Data Collection Methods for the (hu)MANid Program on a Diverse Sample of
Mandibles

Paige A. Lynch, MS*, University of New Mexico, Albuquerque, NM 87131; Luis L. Cabo, MS, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will better understand the differences in performance of 3D scans versus direct
measurements in the (hu)MANId program to estimate sex using the mandible.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the different sex
classification results that are produced for two methods of data collection, further helping to improve validation and the usage of (hu)MAN:id.

The (hu)MANId program is a free, web-based software developed by Berg and Kenyhercz that uses mandibular metric and morphoscopic variables to
assess sex and ancestry through Linear Discriminant Analysis (LDA) or Mixture Discriminate Analysis (MDA).! The program’s reference database
contains 1,745 individuals from 15 different populations (including modern, historic, and prehistoric groups). Berg and Kenyhercz report that MDA
renders the highest accuracies among the analytical methods offered by the software, with pooled sex estimation accuracies as high as 83.5%.! A
relative limitation of (hu)MANId program is the use of some mandibulometer measurements, due to: (1) the error rates in some of them, and (2) the
cost of the instrument.?2 3D surface scans (3D scans) may provide an alternative method for data collection. The aim of this study was comparing the
(hu)MAN:Id accuracies of 3D scans and direct measurements of a diverse sample.

Six metric and morphoscopic mandibular measurements were collected from 3D scans of mandibles from recent United States Black, United States
White and Portuguese, as well as medieval Nubian and prehistoric Native American of both sexes (Ntotai=555). The same nine metric and morphoscopic
measurements (including three mandibulometer measurements) were collected by direct measurement of mandibles from modern males and females
from the Maxwell Museum Donated Body Collection (Nwtai=59). These data were run through (hu)MANid for pooled sex classification. MDA was
applied due to its higher reported correct classification and its consideration of both metric and nonmetric measurements.*

For both samples, no significant differences were detected between non-stepwise and stepwise options; therefore, non-stepwise option was employed
in the remaining analysis. Overall, the direct measurements rendered average correct classifications similar to those originally reported for the program
(85% vs. 83.5%, respectively), while those of the digital measurements were lower (65%). Males displayed similar correct classifications for the digital
(93%), direct (92%), and direct-with-mandibulometer (93%) measurements; however, they differed in positive predictive power (60%, 90%, and 87%,
respectively). Females varied significantly in their correct classifications for the digital (36%), direct (55%), and direct-with-mandibulometer (36%)
measurements; furthermore, they differed in positive predictive power (82%, 60%, and 67%, respectively).

For pooled sex estimations, the (hu)MANid program is better than chance, but males are more likely to classify correctly with the direct measurements
than females. Despite the smaller sample size, the direct measurements had higher correct classification, but the mandibulometer measurements did
not increase the overall correct classification. However, further evaluation using more variables is suggested.

Reference(s):

L Berg, Gregory E., and Michael W. Kenyhercz. Introducing Human Mandible Identification [(hu)MANid]: A Free, Web-Based GUI to Classify
Human Mandibles. Journal of Forensic Sciences62, no. 6 (2017): 1592-598.

2 Garvin, Heather M., and Kieran Severa. An Alternative Method to Using a Mandibulometer. Journal of Forensic Sciences, 2019.

3 Byrnes, Jennifer F., Michael W. Kenyhercz, and Gregory E. Berg. Examining Interobserver Reliability of Metric and Morphoscopic
Characteristics of the Mandible. Journal of Forensic Sciences 62, no. 4 (2016): 981-85.
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A20 Craniometric Variation and FORDISC® Misclassification in Latin American and Asian Individuals

Miriam Rangel, BS*, University of La Verne, La Verne, CA 91750; Kanya Godde, PhD*, La Verne, CA 91750

Learning Overview: After attending this presentation attendees will better understand the impact of craniometric variation on the estimation of ancestry
using a unique combination of Latin American and Asian samples.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the limitations of
estimating ancestry for Latin American individuals using craniometrics in regions with population histories derived from both Latin American and
Asian populations. This presentation will also demonstrate the need to include additional samples from these populations in FORDISC®.

This study explores cranial morphology and the usage of traditional morphometric ancestry estimation software to assist in the identification of deceased
individuals in a Latin American sample. Recently, the complexity of morphological variation in Latin Americans has become increasingly discussed
due to the changing demographics of the United States and the challenges admixture poses on identification cases.® Although the term Hispanic is
traditionally used to classify individuals of Latin American descent, this classification fails to accurately describe populations in cultural and biological
contexts, and this misrepresentation extends to modern methods of ancestry estimation.? In some areas of the United States, such as California, there
are long histories of residency by both Latin Americans and Asians, which necessitates an ability to distinguish ancestry between the populations for
cases in which context and visual examination do not point to a particular population. FORDISC 3.1% (FD3), a discriminant function analysis-based
software, has been shown to misclassify Latin Americans as other ancestries, such as Japanese.!

In this study, FD3 was run on a sample (N=360) of Latin Americans (from the Hanihara dataset and Latin American Craniometric Database) comprised
of individuals from Mexico, Colombia, Peru, Chile, Venezuela, Bolivia, and Argentina, along with individuals of Asian origins (N=470, including
Japan, China, Philippines, and Java from the Hanihara dataset) to ascertain its accuracy in distinguishing between these populations. Analyses were
separated by sex and include Mahalanobis D? (a biodistance measure), Principal Coordinates Analysis (PCoA), Canonical Variates Analysis (CVA),
the Neighbor-Joining (NJ) method for construction of phylogenetic trees, and Fst. The hypothesis tested is that FD3 will be limited in classifying Latin
Americans in the presence of selected Asian reference samples.

The results of these analyses show FD3 misclassifications exceeded 50% for Latin Americans as a group, and by individual sample, which is less than
chance. The PCoA, which reflects the biodistance matrix, shows similarities between Asian and Latin American populations, and large differences
among Latin American populations, such as Mexico and Peru. Further, CVA shows Asian populations spread across CV 1 and CV 2 in males, while
Latin American samples were primarily constricted to positive values of CV 1 and the center of CV 2. Females yield similar CVA results where Asian
and Latin American populations overlap one another with little clustering by sample. NJ analyses yield results consistent with CVA. F« values
(males=0.1152, females=0.1287) were high in comparison to populations around the globe.

FD3 as a tool is not currently helpful in scenarios in which context and visual assessment cannot narrow potential ancestries because the selection of
reference groups may include both Latin American and Asian samples. For practitioners in areas such as California with a long and rich history of
American Indian, Latin American, and Asian residents, among many others, these classification percentages leave much to be desired. These results
join other studies that call for the need of representative samples, which can be applied to diverse populations and facilitate the work of forensic
practitioners so that victims of homicide, genocide, exposure, and suicide can be identified and returned to their families. This is particularly critical
for border crossers in the United States southwestern border.

Reference(s):

L Dudzik B., Jantz R.L. 2016. Misclassifications of Hispanics using Fordisc 3.1: Comparing cranial morphology in Asian and Hispanic populations.
J For Sci 61: 1311-18.

2 Ross A.H., Slice D.E., Ubelaker D.H., Falsetti A.B. 2004. Population affinities of 19™ century Cuban crania: Implications for identification criteria
in south Florida Cuban Americans. J For Sci 49: 1-6.

Cranial Variation, Admixture, Misclassification
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A21  Geographic Origin Estimation of Latin American Individuals Using Craniometric Data

Kari Helgeson, MA*, Allen, TX 75002; Kate Spradley, PhD, Texas State University, San Marcos, TX 78666

Learning Overview: After attending this presentation, attendees will understand how geographic origin estimation in forensic anthropology can
provide a finer-grained approach than ancestry identification.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by further exploring the biological
variation found in Central America and Mexico to help improve biological profile methods for unidentified migrants.

The lack of information surrounding the term “Hispanic” creates difficulties when attempting to estimate geographic origin due to the variation
encompassed by this term. Exploring the biological variation between Mexican and Guatemalan populations allows for investigation of geographic
origin rather than the classification systems currently utilized in forensic anthropology. If geographic origin can be estimated based on craniometric
measurements, it could potentially narrow a missing person’s list. This could also be used to help facilitate and potentially expedite the identification
and repatriation of unidentified migrants. The purpose of this presentation is to use positively identified and contextually documented individuals from
Mexico and Guatemala to explore the variation within and among these two geographic regions, as well as sub-regions, to provide a foundation for
improving ancestry estimation. Moreover, this research attempts to address the following questions: (1) Can a reference sample of Guatemalans, used
as a proxy for Central America, be distinguished from a Mexican population via cranial morphology? (2) Can sub-regions (Central, North/West, and
Southeast) of Mexico and Guatemala be distinguished from each other via cranial morphology?

To answer these questions, this research utilizes individuals from four institutions, including the Pima County Office of the Medical Examiner, the
Forensic Anthropology Foundation of Guatemala, Operation Identification at Texas State University, and the School of Anthropological Sciences of
the Autonomous University of Yucatan, at Mérida. Together, this sample includes individuals migrating to the United States from Guatemala and
Mexico and indigenous Guatemalan Mayans. Howells inter-landmark distances were collected from each cranium using a MicroScribe® digitizer and
the program 3Skull.1? A discriminant function analysis and canonical variates analysis were performed to assess the variation and classify the
individuals. The Guatemalan sample can be correctly classified 75.25% of the time when compared to Mexicans, and the cross-validation rate suggests
that when the three Mexican regions are compared (Central, Southeast, and North/West), they can be differentiated 77.8% of the time. The Mahalanobis
Distance matrix from the regional comparison indicates the Southeast Mexico group is statistically different from the Central and North/West groups
(p=<0.001). When Guatemalan Mayan individuals are included in the Mexico regional comparison, the cross-validation rate decreased, but the
Mahalanobis Distance matrix showed that the Southeast group and the Guatemalans were statistically different from all groups. With Guatemala used
as a proxy for Central America, complex craniometric patterns have begun to emerge that need further exploration. These results suggest that other
regions of Central America are also distinguishable from Mexico. This research indicates that even though the three regional Mexican groups can be
separated, the large difference in cranial variation is between the Southeast region and the remainder of Mexico. Considering these patterns, this
research indicates geographic origin estimation can be used in lieu of broad ancestry estimation in forensic casework. This could potentially eliminate
broad terms such as Hispanic, which are less informative in a forensic setting, particularly when considering migrant remains.

Reference(s):

L Howells W.W. Cranial Variation in Man. A Study by Multivariate Analysis of Patterns of Difference Among Recent Human Populations. Paps
Peabody Museum of Archaeology and Ethnology, 67: 259. Cambridge, Mass: 1973.

2 Qusley, S.D. 3Skull 2.0.77. http://www.mercyhurst.edu/departments/applied_forensic_sciences/faculty_staff.html. 2004.

Latin America, Craniometrics, Biodistance

Copyright 2020 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 -64 -



http://www.mercyhurst.edu/departments/applied_forensic_sciences/faculty_staff.html

o Anthropology—2020

A22  The Impact of Error in Femur Subtrochanteric Measurements on the Assessment of Population Affinity

Briana T. New, MA*, Defense POW/MIA Accounting Agency, Honolulu, HI 96917; Emily S. Silverman, MA, Mililani, HI 96789; Sabrina C. Ta’ala, MA,
Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96853-5530

Learning Overview: After attending this presentation, attendees will understand the implications of intra- and inter-observer measurement variability
on the calculation of Platymeric Index (Pl) and resulting ancestry classifications. This presentation focuses on the reliability of the required
measurements and the consistency of index classifications.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the effect of
measurement error on a commonly utilized method for assessing population affinity from postcranial skeletal remains.

When skeletonized remains are incomplete and/or fragmentary, the Pl has been identified as a possible method for population differentiation.!? This
method serves as a part of the forensic toolkit for the estimation of ancestry and is most commonly utilized when cranial elements are missing or
fragmented. However, previous research on data accuracy and reliability indicates that measurements utilized to calculate the PI, the subtrochanteric
Anterior-Posterior Diameter (APD), and Medial-Lateral Diameters (MLD) of the femur have greater-than-acceptable error rates.® Despite reported
error rates exceeding that of the published thresholds, the measurements remain necessary for assessing population affinity in forensic casework. Thus,
it is important to understand the role of intra- and inter-observer error in the data collection process and how that variability may impact method
application and classification results.

In this study, three observers independently collected three rounds of APD and MLD measurements on 53 left and right femora. The femora are part
of a commingled assemblage of Vietnamese males derived from a C-130 aircraft that crashed in 1974. In an effort to emphasize replicability of the
measurements across time and ensure that each round was performed independently with no relation to past rounds, a minimum of one week passed
between each round.

Absolute and relative Technical Errors of Measurement (TEM) were calculated to assess measurement error within and between observers. APD and
MLD measurements were then utilized to calculate the PI (APD/MLD x 100). Indices were classified as platymeric, eurymeric, and stenomeric
following sectioning points recommended in previous studies to demonstrate the role of inter-observer measurement variability on classifications, and
as a result, the potential effect in ancestry estimation application.1? Comprehensive Kruskal-Wallis and chi-square tests of significance were conducted
to determine the degree of intra- and inter-observer error throughout the analyses.

Results mirror previously reported observer errors with absolute TEM ranging from 0.50mm to 0.77mm and relative TEMs ranging from 2.10% to
3.17% for intra-observer error. Inter-observer absolute TEM ranges from 0.88mm to 1.14mm and relative ranges from 2.98% to 4.65%. Despite greater-
than-acceptable error in the raw measurements, no significant differences were found between measurement rounds or index calculations. Likewise,
no significant differences were observed in the classification data for each observer.

These results highlight both the reliability and validity of subtrochanteric femur measurements when applied to PI classifications. While intra- and
inter-observer error remains high in the raw measurements, it is not enough to significantly alter the platymeric classification results for this dataset.
Thus, the present analysis argues that variation in how the P1 of individuals or groups classify is not likely a result of measurement error, but rather a
reflection of method application and the specific groups included in the given analyses.

Reference(s):

L Wescott, D. Population Variation in Femur Subtrochanteric Shape. Journal of Forensic Science, vol. 50, No. 2, 2005, pp. 286-293.

2 Tallman, S., Winburn, A. Forensic Applicability of Femur Subtrochanteric Shape to Ancestry Assessment in Thai and White American Males.
Journal of Forensic Science, vol. 60, No. 5, 2015, pp. 1283-1289.

3 Langley, N., Jantz, L., McNulty, S., Maijanen, H., Ousley, S., Jantz, R. Error quantification of osteometric data in forensic anthropology. Forensic
Science International, vol. 287, 2018, pp. 183-189.
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A23  Odontometric Variation of Male Skeletal Samples From the United States and South Africa

Dori E. Kenessey, BA*, University of Nevada, Reno, Reno, NV 89557; Tatiana Vlemincg-Mendieta, MS, University of Nevada, Reno, Reno, NV 89557; G.
Richard Scott, PhD, University of Nevada, Reno, Reno, NV 89557-0002; Marin A. Pilloud, PhD, University of Nevada, Reno, Reno, NV 89557

Learning Overview: After attending this presentation, attendees will better understand population variation in tooth size and how odontometrics can
be used as part of the biological profile.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting tooth size variation across
continents and its relevance to forensic anthropology.

The utility of dental crown measurements in the estimation of ancestry has proven to be a promising approach.! However, more work is needed to
explore global modern human variation in terms of tooth size to better understand secular change and the role of evolutionary forces (i.e., gene flow
and drift). To address this deficiency in knowledge, this study compares odontometric data from modern skeletal collections representing self-identified
Black and White individuals in the United States and South Africa.

The South African samples were obtained from three collections: the University of Pretoria, the Raymond A. Dart collection, and the Kristen collection.
Dental data from the United States were collected from the Bass Collection at the University of Tennessee, Knoxville, and the donated collection at
Texas State University, San Marcos. Only individuals with known sex and ancestry were included; due to sample size constraints, only male individuals
were included in this study (n=397). Maximum crown dimensions and cervical crown dimensions were collected following Hillson et al.? Dental
measurements were collected from the left side of the arcade using digital dental calipers. In cases of missing or damaged teeth, the right antimere was
substituted. Population differences were explored using a Kruskal-Wallis test in the R statistical computing environment.

Dental measurements between South African Blacks and American Blacks differed significantly in nearly every maximum crown dimension.
Differences in mesiodistal crown measurements were most pronounced, being present in all teeth except the upper and lower lateral incisors.
Differences were less pronounced in measurements of the crown at the cervico-enamel junction. Overall, American Black dental dimensions were
greater than those of South African Blacks. When comparing South African and American Whites, only two significant differences were present: in
the buccolingual cervical measurement of the lower second molar (larger in American Whites) and in the mesiodistal cervical measurement of lower
third molar (larger in South African Whites).

The results of this study suggest that American and South African Blacks differ considerably in their dental dimensions. These findings are consistent
with the notion that American Blacks have been subject to considerable gene flow and may stem from a different source population in west Africa.
These results are further in line with the finding that there is generally greater diversity within the African continent than the rest of the world.
Conversely, the South African and United States White samples do not greatly differ and have on average smaller teeth, suggesting greater population
affinity between these groups and less change over time. The impact of evolutionary forces and secular change on tooth size should be further explored
and considered in ancestry estimation methods, particularly in the development of appropriate reference samples.

Funding provided by a National Institute of Justice award.

Reference(s):

L Pilloud, M.A., Hefner, J.T., Hanihara, T., and Hayashi, A. (2014). The Use of Tooth Crown Measurements in the Assessment of Ancestry. Journal
of Forensic Sciences 59 (6):1493-1501.

2 Hillson, S., FitzGerald, C., and Flinn, H. (2005). Alternative Dental Measurements: Proposals and Relationships with Other Measurements.
American Journal of Physical Anthropology 126 (4): 413-426.

Ancestry, Gene Flow, Tooth Size
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A24  Influence of Ancestry on Sexual Dimorphism in the Human Mandibular Canine

Brittney L. Blevins, MA*, Lexington, KY 40504

Learning Overview: After attending this presentation, attendees will gain a better understanding of the ancestral differences in sexual dimorphism
observed in measurements taken from human mandibular canines.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an alternative method to
estimate sex in skeletonized individuals.

Sexual dimorphism can be quantified using human mandibular canines, which allows these teeth to be used to estimate sex of skeletonized individuals.
This study complements and expands on previous research by using the Mesiodistal Diameter (MD) and Buccolingual Diameter (BL) of human
mandibular canines to assess sexual dimorphism between three ancestry groups. Measurements were taken from a sample of skeletal individuals from
the Terry Collection (n=651), the Maxwell Museum of Anthropology Skeletal Collection (n=61), and a random sample of dental casts from the James
K. Economides Orthodontic Case File (JKE) (n=599), for a total of 641 males and 597 females. Three ancestral categories were used: American Black,
White, and Hispanic. A total of 50 individuals of each ancestry were randomly selected for all reported statistical analyses.

Previous research using this data set has reported a significant difference between males and females for left and right BL measurements (p<0.0001),
indicating that males have significantly larger BL measurements of the mandibular canine than females from the study sample.! However, when
individuals are separated by ancestry group (as recorded by each collection) only American Black individuals show significant levels of sexual
dimorphism for the MD measurement (p=0.0012) and BL measurement (p<0.0001). Although race is a socially constructed concept, not a biological
reality, there is a history of segregation between various groups of individuals that might explain the difference in the presence of sexual dimorphism
shown between individuals of different ancestries. This study is consistent with other research in finding odontometric differences between different
ancestral groups.>* Since significant differences between males and females was only observed in American Black individuals, logistic regression
equations were not created for other ancestral groups. Logistic regression equations were created to estimate sex based on measurements from either
the left or right mandibular canine. These equations correctly estimated the sex of individuals in up to 73.33% of cases when using only the BL diameter
measurement. Accuracy of the equations varies depending on whether the measurements are used individually (BL or MD) or combined (both BL and
MD). Equations more accurately estimate the sex of male individuals than female individuals. This method may be useful for estimating the sex of
skeletal individuals in forensic cases when traditional methods are not applicable but could only be used for cases whose ancestries have been estimated
to be American Black. Future research will further explore the impact of secular change on sexual dimorphism and ancestral differences in the
mandibular canines.

This research was funded in part by a Robert C. West Graduate Student Field Research Award from the Department of Geography and Anthropology
at Louisiana State University.

Reference(s):

L Brittney L. Blevins. Estimating Sex Using the Human Mandibular Canine. Master’s Thesis, (2019): 33-37.

2 Simon W. Hillson. Teeth (Cambridge: Cambridge University Press, 1996).

3 Heather J.H. Edgar. Estimation of Ancestry Using Dental Morphological Characteristics. Journal of Forensic Sciences 58, no. 1 (2012): S3-S8.
4 Marin A. Pilloud, Joseph T. Hefner, Tsunehiko Hanihara, and Atsuko Hayashi. The Use of Tooth Crown Measurements in the Assessment of

Ancestry. Journal of Forensic Sciences, 59, no. 6(2014): 1493-1501.
Odontometrics, Sexual Dimorphism, Ancestry
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A25  Human Trafficking: A Challenging Case of Age Assessment

Greta Cena, MD*, University of Torino, Torino 10126, ITALY; Caterina Bosco, MD, Department of Public Health and Pediatrics, Torino 10126,
ITALY; Luana Bonaccurso, MD*, University of Turin, Turin 10126, ITALY; Davide Santovito, MD, Department of Public Health and Pediatric
Sciences, Turin 10126, ITALY; Sara S. Racalbuto, PsyD, Dipartimento di Pediatria d’Emergenza, A.O.U. Ci, Turin, ITALY; Elena Coppo, MD,
Department of Pediatric Emergency, Turin, Metropolitan City of Turin, ITALY; Giancarlo Di Vella, MD, PhD*, University of Torino, Department of
Public Health Sciences, Torino 10126, ITALY

Learning Overview: After attending this presentation, attendees will better understand the importance of careful clinical examination to uncover anomalies
that could influence bone growth or dental maturation when the assessment of biological age is required.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by enlightening the need of a multidisciplinary
approach to age estimation. When a Victim of Human Trafficking (VHT) has to be evaluated, psychological maturity and physical appearance must be
considered.

There are approximately 800,000 people trafficked across international borders annually. Due to its geographical position, Italy is one of the main countries of
destination for human trafficking via the Central Mediterranean route.> According to recent estimates, the number of VHTSs who arrived in Italy by sea for
sexual exploitation has increased by 600% in the past three years. Nigerian girls aged between 16 and 17 are the most affected by this phenomenon, accounting
for more than 90% of all victims.? The number of applications for forensic age assessment in undocumented VVHTSs drastically increased in the last period
because of the prevalent involvement of minors close to 18 years of age. In Italy, the proof of being over or under the age limit of 18 years is required for legal
decisions about procedural privileges and social benefits.®

A multidisciplinary evaluation, including a clinical, radiological, dental, pediatric, and psychosocial assessment, is recommended.* However, sometimes a
discrepancy between physical and psychological maturity estimations occurs. In these cases, a comprehensive clinical examination is fundamental to disclose
signs suggestive of conditions capable of interfering with the maturation rate of the individual.®

This presentation reports a challenging case of multidisciplinary age estimation of a six-month-pregnant VHT, who had been trafficked from Nigeria and
sexually exploited in Italy. She claimed to be 20 years of age, but no identification document was provided.

The cognitive development resulting from the psychosocial assessment corresponded to a maturity degree consistent with adulthood, even considering the
traumatic events she suffered. Skeletal radiology was not feasible due to the advanced stage of pregnancy. The absence of erupted lower third molars and their
immaturity at Orthopantomogram (OPG), performed before the pregnancy, pointed to a minor age. A closer examination of the OPG images showed unusual
alterations of mandibular trabecular bone and changes of tooth shape and size, particularly at the pre/molar level. Thus, further investigations were performed.
Anemia with increased Red blood cell Distribution Width (RDW) and qualitatively abnormal Hemoglobin (Hb) were found. The diagnosis of Sickle Cell Trait
(SCT) was reached through electrophoresis and genetic testing. SCT is a benign form of hemoglobinopathy with heterozygous inheritance affecting up to the
20%-30% of the Nigerian population. The homozygous form is known to cause impaired growth and a delay in teeth development.® Although individuals with
SCT are normally asymptomatic, recent studies have demonstrated significant higher frequencies of radiological dental and bone changes, including
hypercementosis of the roots, changes in tooth shape and size, and stepladder-pattern bone alteration.” In this case, OPG findings were consistent with these
modifications rarely described in literature. The hematologic disease could cause a delay in teeth eruption and mineralization, leading to an underestimation of
chronological age. Based on these findings, the age reported by the girl was deemed reasonable.

This presentation stresses the importance of including a careful clinical examination in age estimations to avoid ethically unacceptable mistakes. Physicians
should be aware that some diseases can interfere with physical development; most of these conditions lead to growth delay, causing an underestimation of age.®
Since, in Italy, being less than 18 years old ensures benefits from a wide range of protection measures, such underestimation would not disadvantage the person
concerned. However, the main purpose of age assessment is to re-establish the identity of a VHT. Therefore, it is important to exclude these particular medical
conditions to ensure an appropriate, reliable, and genuine social integration, consistent with the physical and psychological maturity degree of the VHT.

Reference(s):

1 G.RE.T.A. and Committee of the Parties. Report concerning the implementation of the Council of Europe Convention on Action against Trafficking in Human
Beings by Italy, 2019. www.coe.int/en/web/anti-human-trafficking.

2 JOM UN MIGRATION Agency. UN Migration Agency Issues Report on Arrivals of Sexually Exploited Migrants, Chiefly from Nigeria. 2017.
www.iom.int/news/un-migration-agency-issues-report-arrivals-sexually-exploited-migrants-chiefly-nigeria.

3 UNHCR. L’accertamento dell’eta dei minori stranieri non accompagnati e separati in Italia. 2014. www.unhcr.it/wp-content/uploads/2016/01/accertamento. pdf.

4 Andreas Schmelling et al. Forensic age estimation: methods, certainty, and the law. Dtsch Arztebl Int 113, no. 4 (Jan. 2016): 44-50.
http://doi.org/10.3238/arztebl.2016.0044.

5 Decreto legislativo 4 marzo 2014 n.24 (attuazione direttiva 2011/36/UE)-D.P.C.M. 10 novembre 2016, n. 234. http://Inx.camereminorili.it/wp-
content/uploads/2017/02/DPCM-234-10-novembre-2016.pdf.

6 Caroline Maria Igrejas Lopes et al. Enamel defects and tooth eruption disturbances in children with sickle cell anemia. Brazilian oral research 32, no. e87 (Aug.
2018). http://doi.org/10.1590/1807-3107bor-2018.vol32.0087.

" S.F.C. Souza, H.L.C.C. de Carvalho, C.P.S. Costa, and E.B.A.F. Thomaz. Association of sickle cell hemoglobinopathies with dental and jaw bone abnormalities.
Oral Diseases 24, no. 3 (Apr. 2018): 393-403. http://doi.org/10.1111/0di.12742.
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A26  Age-Old Problems: Using the Pars Basilaris to Estimate Age-At-Death in Non-Adult Individuals

Claire M. Hodson, PhD*, Highworth, Wiltshire SN6 7EU, UNITED KINGDOM; Rebecca Gowland, PhD, Durham University, Durham, County
Durham DH1 3LE, UNITED KINGDOM

Learning Overview: Estimating the age at death of an individual is important within numerous anthropological, forensic, and archaeological
disciplines to establish a biological profile. The pars basilaris has long been used and purported as a bone that can determine accurate age-at-death
estimates for non-adult individuals. However, little is documented about why this bone should be used or the benefits of the age estimates generated
from these metrics over other bones of the skeleton. Importantly, this study demonstrates to attendees how the biology of the growth and development
of this bone makes the pars basilaris vital in generating accurate age-at-death estimates. Furthermore, it also establishes that the pars basilaris is more
consistent with both chronological and dental age estimates than any age estimates generated by the long-bones. The goal of this presentation is to
encourage practitioners to place greater value in estimating age from the pars basilaris than any other skeletal element.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the current limitations
of using metric assessment of skeletal remains to estimate age. As a consequence, it will be demonstrated to attendees why and how using the pars
basilaris has been found to be the most reliable skeletal element to assess to date. This is intended to influence current practitioners, encouraging them
to consider age estimates derived from the pars basilaris with increased value.

The study of the growth and development of non-adults provides key insights into the age of the individual at death. Today, studies of non-adults have
primarily focused on generating age-at-death estimates from dental development as this is known to be a reliable proxy for chronological age. However,
the dentition is not always available, particularly in perinatal or infant skeletal remains, as the developing tooth buds and cusps are often lost or not
recovered due to the larger tooth crypts. In the absence of the dentition, long-bone diaphyseal lengths are most commonly used to estimate age. This is
problematic given the degree of genetic variability in diaphyseal length and because growth is strongly affected by adverse circumstances, such as
malnutrition, resulting in large inaccuracies when used for estimating age at death.

Measurement of the pars basilaris has long been used to determine accurate age-at-death estimates for individuals less than 6 years of age as this is
when it commences fusion to the pars lateralis of the occipital bone. However, little is documented about why the pars basilaris should be used or the
benefits of the age estimates generated from these metrics. This study determined age estimates from metric assessment of the pars basilaris for
individuals from both archaeological and historical collections where either chronological age is known (N=50) or age estimates based on dental
development are possible (N=173) to test the accuracy of the pars basilaris in generating ages at death. Findings from this study support the conclusion
that the pars basilaris is more closely correlated with chronological age than diaphyseal length because it is less susceptible to growth delay as a
consequence of environmental adversity.

This study proposes that the pars basilaris is much more stable in its growth, providing more accurate and reliable age-at-death estimates for all
individuals, regardless of their stress exposure and/or their disease/health status. Consequently, this presentation demonstrates the usefulness of the
pars basilaris in estimating ages at death of non-adult individuals, particularly in lieu of the dentition being present, and encourages practitioners to use
this element more widely within skeletal analyses.

Aging, Juvenile, Infant
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A27  Why Cranial Sutures Should be Included in Adult Age-At-Death Estimates

Jessica L. Campbell, PhD*, SNA International, Alexandria, VA 22314; Stephen P. Nawrocki, PhD, University of Indianapolis, Indianapolis, IN 46227-3697

Learning Overview: After attending this presentation, attendees will better understand how cranial suture fusion counterbalances the age-at-death
estimate when combined with more reliable and commonly used adult age-at-death indicators.

Impact on the Forensic Science Community: This presentation will impact the forensic sciences community’s ability to estimate age at death more
accurately and precisely by minimizing overall mean error with the application of non-destructive and familiar macroscopic methods.

Cranial sutures are perhaps the least popular macroscopic age indicator for the human skeleton. With very few advocates, most scholars and practitioners
only use cranial suture fusion when there are limited options to estimate age at death, and it is normally advised to use suture fusion with at minimum
a second, more reliable indicator. Regardless of their vilification, cranial sutures do provide age-related information. They also persevere in research
and practice because they are necessary in the event that other age indicators are absent or too damaged to provide reliable age estimates.

Research on the cranial sutures to date has focused on testing established methods or on evaluating which suture sites provide the most reliable
information. However, most prior publications fail to place cranial sutures within the broader framework of age estimation or investigate how they
perform when used with other well-known and relatively accurate and precise methods. The primary objective of the current research, therefore, is to
determine how the inclusion of cranial sutures with other age-estimation methods can influence the final composite age-at-death estimate. Since there
are multiple statistical strategies for combining multiple age-estimation methods, this research also tests whether the mode of statistical combination
alters the outcome of the primary objective.

Data were collected from the Bass Donated Collection in Tennessee (n=120) and the University of Pretoria Bone Collection in South Africa (n=132),
for a total sample size of n=252 females and males of White and Black ancestries. Nawrocki’s cranial suture fusion method, which scores ectocranial,
endocranial, lateral, and palatal sutures was used to score all crania. The Suchey-Brooks Pubic Symphysis (PS), Oshorne et al. Auricular Surface (AS),
and Iscan et al. sternal rib end (Ribs) methods were selected because they are non-destructive and regularly used to estimate age. Each skeleton was
scored blind using all four methods. Target age estimates and 95% prediction intervals were obtained for all individuals using published tables and
equations; a summary age was calculated by averaging the target age estimates to allow comparisons. Mean measures of error (including bias and
inaccuracy) were used to evaluate whether there was improvement in the age-at-death estimation when cranial sutures were incorporated. The final
step evaluated alternate statistical strategies for consolidating individual target ages into a single summary age.

Mean absolute error (inaccuracy) was lowest when the cranial sutures were combined with the pubic symphysis, auricular surface, and sternal rib ends.
When all four methods were averaged together, the mean absolute error was 12.1 years and the bias dropped to a low of -5.4 years. When the cranial
sutures were excluded, mean absolute error increased to 14.4 years, with a bias of -11.2 years. The inclusion of cranial sutures in the consolidated age
estimate was statistically significant for both inaccuracy and bias. These results were consistent when the data were grouped by binary sex and when
the data were combined using alternate statistical strategies.

The positive influence cranial suture fusion had on the PS, AS, and Ribs can be explained by the fact that the sutures were the only independent
indicator to return a positive bias in the total sample. In addition, the sutures returned the lowest inaccuracy and bias in the older decades of all the
methods used in this study. These results indicate the cranial sutures act as a counterweight to help balance the expected tendency of the PS, AS, and
Ribs to regress to the mean. To illustrate the implications of this finding, a bias level set to within +/-10 years allowed age to be predicted from
approximately 42—70 years when sutures were the included, as opposed to approximately 25-59 years when sutures were excluded.

As aresult of this study, it is recommended that cranial suture fusion be included with the PS, AS, and Ribs when estimating the age of individuals that
may be older than 40 years.

Cranial Sutures, Age-At-Death, Multifactorial
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A28 A Comparison of Two Dental Age Estimation Methods Using Transition Analysis (TA)

Kelly R. Kamnikar, MA*, Michigan State University, East Lansing, Ml 48824; Amber M. Plemons, MA, Michigan State University, Anthropology, East
Lansing, MI 48824; Nicholas P. Herrmann, PhD, Texas State University, San Marcos, TX 78666; Jennifer E. Spence, PhD, Texas State University,
San Marcos, TX 78666; Yann Heuzé, PhD, Universitié de Bordeaux, Bordeaux 33076, FRANCE; Joseph T. Hefner, PhD, Michigan State University,
East Lansing, M1 48824

Learning Overview: After attending this presentation, attendees will be familiar with a revised application of TA for age estimation in subadults. The
goal of this study is to validate the application of this method on a new populational dataset using a French dental radiographic sample (n=1,380). This
study is part of a larger project examining subadult dental age estimation using TA.

Impact on the Forensic Science Community: This study will impact the forensic science community through evaluation of the performance of TA
analysis on dental age estimation, using original and revised reference frameworks. The evaluation of the performance of TA on this sample illustrates
the complexities of subadult dental age estimation.

The dataset comprises panoramic dental radiographs from the University of Bordeaux.! Individuals are from southern France (336 females; 639 males)
with ages ranging from 1 to 16 years. Radiographs were obtained from public orthodontist offices and private hospitals, representing a range of variation
in socioeconomic status. The data excludes any pathological or anomalies in tooth numbers.

The sample was scored following the Demirjian et al. (DGT) method in which eight mandibular teeth are assigned a value from A to H, corresponding
to crown and root development.? These scores were converted to the Moorrees et al. (MFH) scoring stages (1-14) following Phillips’ conversion
chart.3* This system correlated DGT and MFH stages by aligning original definitions for each stage. DGT scores that fell between two MFH stages
were compared using both MFH stages (rounding up or rounding down).

The MFH dental development scores were analyzed following the TA method for age estimation based on dental development by Shackelford and
colleagues.® The data were run again through a revised method, which adapted the Shackelford et al. framework to modern reference sample data.®
Here, maximum likelihood age estimates and Confidence Intervals (ClI) at the 50% and 90% were compared with known age.

Cls were calculated for only 1,351 individuals due to instances of single tooth observations. When rounding scores up to the nearest MFH stage,
coverage for the original method was 53.89% at the 50% CI and 90.16% at the 90% CI, while the same scores in the revised method performed at
30.87% and 72.17%, respectively. When rounding down, the original method underperformed at the 50% CI (44.90%) and the 90% CI (84.68%);
however, the revised method performed better at 43.30% and 79.79%.

These results suggest that the original MFH transitions, especially when rounding up a stage, are outperforming the revised method for the Bordeaux
sample. When compared to an earlier study, the original TA method underestimated age by up to three years on a test sample from the United States,
while the modified sample reflected more accurate estimations. The revised method was developed on a geographically diverse sample and was assumed
to perform better than the original MFH reference sample. The poor coverages may be due to the direct conversion of the DGT scores, or a lack of
appropriate reference data in the revised method sample. Future work will focus on re-scoring the entire Bordeaux sample directly into the MFH system
and reexamining Cl coverages.

This project was supported by an award from the National Institute of Justice. This opinions, findings, and conclusions or recommendations expressed
in this presentation are those of the authors and do not necessarily reflect the views of the Department of Justice.

Reference(s):

L Heuzé Y., Braga, J. Application of Non-adult Bayesian Dental Age Assessment Methods to Skeletal Remains: The Spitalfields Collection. J Arch
Sci. 2008:35(2):368-375.

2 Demirjian, A., Goldstein, H., Tanner, J.M. A New System of Dental Age Assessment. Hum Biol. 1973:45(2):211-227.

3 Moorrees, C.F.A., Fanning, E.A., Hunt, E.E. Age Variation of Formation Stages for Ten Permanent Teeth. J Dent Res. 1963:42(1):1490-1502.

4 Phillips, V.M. Dental Maturation of the Permanent Mandibular Teeth of South African Children and the Relation to Chronological Age. Doctoral
Dissertation, University of the Western Cape, 2008.

5 Shackelford, L.L., Stinespring Harris, A.E., Konigsberg, L.W. Estimating the Distribution of Probable Age-at-Death from Dental Remains of
Immature Human Fossils. Am J Phys Anthropol. 2012:147(2):227-253.

6 Kamnikar, K.R., Herrmann, N.P., Plemons, A.M. New Approaches to Juvenile Age Estimation in Forensics: Application of Transition Analysis
via the Shackelford et al. Method to a Diverse Modern Subadult Sample. Hum Biol. 2018:90(1):11-30.

Dental Development, Age Estimation, Biological Profile
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A29  The Ability to Obtain Full DNA Profiles From Nail Clippings After Long-Term Storage at Room
Temperature Could Impact the Process of Human Identification

Jonah W.P. Stone, BS*, Indianapolis, IN 46241; Krista E. Latham, PhD, University of Indianapolis, Indianapolis, IN 46227; Cynthia Cale, MS,
Houston Forensic Science Center, Houston, TX 77002; Stephen P. Nawrocki, PhD, University of Indianapolis, Indianapolis, IN 46227-3697; Gay L.
Bush, PhD, Strand Diagnostics, Indianapolis, IN 46241

Learning Overview: After attending this presentation, attendees will better understand how nail material obtained from both living and deceased
individuals can provide informative DNA profiles following storage at room temperature.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by contributing to a growing body of
knowledge regarding the use of alternative and often neglected sources of DNA profiles utilized for positive personal identification.

Saliva and blood are commonly used in the medicolegal system to produce DNA profiles; however, these bodily fluids are no longer an option for
decomposed or skeletonized human remains and must be stored in a refrigerator or freezer until the DNA purification process can take place. Bone can
be utilized as a source of DNA without cold storage but, depending on the size of the skeletal element being held, can require a great deal of secure
storage space. Additionally, the DNA extraction and purification processes destroy the hard tissue of the bone, which may be needed for subsequent
forensic anthropological analysis. Nail clippings, if present, can serve as the source of a DNA profile when soft tissues are not present and when the
bone is needed for additional forensic analysis.

Toenails collected from six deceased and ten living individuals were used to test the following null hypotheses: (1) Hnl—there is no relationship
between DNA quantity from human nails and time stored; (2) Hn2—there is no relationship between DNA quality from human nails and time stored,
and (3) Hn3—there is no difference in DNA quantity and quality between nails taken from living and deceased individuals.

DNA was extracted from the nails using the QIAGEN® QIAamp® DNA Mini Kit with modifications to the manufacturer’s instructions to allow for an
extended dissolution process. The samples were quantified using Quantifiler® Trio on an Applied Biosystems® 7500 Real-Time PCR System, amplified
with the GlobalFiler™ PCR Amplification Kit, and analyzed on an AB SCIEX™ 3130xI genetic analyzer. The nails collected from living individuals
were sampled for extraction three times during the two-year time period: after 1 month, 14 months, and 24 months of storage. The nails collected from
deceased individuals were sampled for extraction at the beginning and end of ten months of storage.

This study failed to reject all three null hypotheses. Although the means for DNA quantity decrease over time, repeated measures of Analysis of
Variance (ANOVA) indicates that these decreases are not statistically significant for either living or deceased individuals. All samples obtained from
both groups produced full, single-source DNA profiles at each time of analysis. The samples obtained from living individuals were compared to
reference profiles obtained from buccal swabs. All profiles remained consistent with the references at each time of analysis. Thus, there was no
recognizable relationship between DNA quality and time stored. There was not a statistically significant difference (p<0.05) between the quantity of
DNA obtained from the nails of living or deceased individuals. All samples produced full DNA profiles at each time variable. Therefore, there is no
significant difference between the ability to generate a full DNA profile from nails taken from living versus deceased individuals.

These results indicate that nail clippings can be utilized for DNA analysis and serve as a viable alternative to more readily used tissues, such as blood
and bone. However, the sample sizes were small, so this study should be considered a pilot study only. The use of these keratinized cells for genetic
analyses could impact the way biological material is archived for identification purposes by: (1) reducing the need for cold storage, (2) decreasing the
amount of necessary secure storage space, and (3) preserving the skeletal material for forensic anthropological analyses.

DNA Analysis, DNA Identification, Toenail Clippings
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A30  The Applicability of Intralimb Indices in the Subadult Biological Profile

Elaine Y. Chu, MA*, University of Nevada, Reno, Reno, NV 89557; Kyra E. Stull, PhD, University of Nevada, Reno, Reno, NV 89557

Learning Overview: After attending this presentation, attendees will understand how differences in skeletal growth through the lens of brachial and
crural indices can assist in estimating aspects of the biological profile for subadult skeletal remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a new perspective for
estimating sex, age, and ancestry at country and subpopulation levels.

Body proportions are often used in areas of biological anthropology that explore modern human origins and human variation. Brachial and crural
indices, comparisons of the upper and lower segments of the upper and lower limbs, respectively, have primarily been used to assess latitudinal
differences in body size following Allen’s and Bergmann’s rules. The utility of intra-limb indices have yet to be explored as a tool for forensic skeletal
estimation, especially in situations in which limited skeletal elements are recovered. The proximate aim of this study is to explore whether brachial and
crural indices can be used to develop methods to estimate age, sex, and ancestry in subadults to facilitate positive identification. The ultimate aim of
this study is to quantify the ontogenetic appearance of proportions; currently, all studies have looked at subadults as a homogeneous group rather than
a heterogeneous group that experiences an exorbitant amount of skeletal change.

Diaphyseal dimensions were collected from roughly 900 contemporary children between the ages of birth to 20 years from the United States and South
Africa. Brachial and crural indices were subsequently calculated using diaphyseal dimensions. Children were represented by four different ancestry
groups with largely comparable age distributions: American Indian, Hispanic, White, and Black. Individuals were classified into one of four life history
stages: Infant (birth to 3 years), Child (3 to 7 years), Juvenile (7 to 12 years), or Adolescent (12 to 16 years). Long bone lengths were also collected on
individuals between 16 and 20 years of age to represent an older sample that is comparable to adults. Kruskal-Wallis tests were conducted to test for
differences among mean brachial and crural indices by sex, life history stage, ancestry, and country. When showing statistical significance, a post-hoc
Dunn’s test was used for pairwise comparisons for a more in-depth analysis. Subsequently, Linear Discriminant Analysis (LDA) was then performed;
the sample size was large enough that a training sample with k-fold cross-validation was used to create classification models for each area of the
biological profile, then a test sample was used to generate realistic accuracy rates.

Results of the Kruskal-Wallis test revealed statistically significant differences between mean brachial and crural indices based on the life history stage,
ancestry, and country. The LDA models produced accuracy rates ranging from 40%-90%, with brachial and crural indices showing the highest
prediction accuracy for country, even in the younger ages, and population having the lowest accuracies.

Results demonstrate that proportional differences exist at a country level in early ages and this is in accordance with previous studies that use interlimb
indices to evaluate Allen’s and Bergmann’s rules. While not all accuracy rates are at practically applicable levels, increased sample sizes and more
uniform distribution of sub-groups may increase accuracy rates in future analyses. This study provides evidence for the importance of exploring the
utility of methods for measuring body size variation that is not commonly used in forensic anthropology.

Intralimb Indices, Growth Patterns, Body Size Variation
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A31  The Application of Non-Destructive Dental Age Estimation (DAE) Methods Using Root Translucency on
Latin American Hispanics

Melinda V. Rogers, BS*, Texas State University, San Marcos, TX 78666; Nicholas P. Herrmann, PhD, Texas State University, San Marcos, TX 78666;
Kate Spradley, PhD, Texas State University, San Marcos, TX 78666; James P. Fancher, DDS, PhD, Forensic Anthropology Center Texas State
University, San Marcos, TX 78666

Learning Overview: After attending this presentation, attendees will recognize DAE methods based on root translucency are efficiently accurate age
estimating methods in that they are non-destructive and require minimal training or equipment. Attendees will be aware of current events, such as the
humanitarian crisis along the United States’ southern border, and be inspired to use their anthropological skills to make an impact and change locally
and globally.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by drawing attention to underutilized
aging techniques that apply to a commonly used skeletal element: dentition. Additionally, this presentation will demonstrate the versatility and
applicability of said methods to the underresearched Central American Hispanic population. The age data generated from this research for an
unidentified migrant population will be available for future investigations.

A humanitarian crisis is occurring along the United States-Mexico border as the number of apprehended and deceased migrants increases. Rarely are
any forms of identification found with the migrant remains. Operation Identification (OplID) is a humanitarian effort created to improve the
identification and repatriation process of deceased migrants by means of forensic anthropological methods. Very few of these methods have been
validated on a Central American Hispanic population.

The purpose of this presentation is to explore the application of four non-destructive DAE methods proposed by Bang and Ramm, Lamendin et al.,
Gonzalez-Colmenares et al., and Ubelaker and Parra on a representative adult Central American Hispanic population to aid this effort.* Age was
estimated for 40 OpID forensic cases and Mean Absolute Error (MAE) for each method was compared. The methods performed from most to least
accurate as follows: Lamendin, Gonzélez-Colmenares, Ubelaker and Parra, and Bang and Ramm.* The age cohort comparisons followed similar
patterns to previously reported findings where accuracy increased with the older age groups. DAE methods were the least accurate when compared to
macroscopic and histological age estimation methods. Lamendin’s method produces the most accurate age-at-death estimates; therefore, it is a
recommended method for OpID forensic cases. Individuals aged 40-49 years of age are represented among the OpID forensic cases, making said DAE
methods applicable for these individuals. Although individuals younger than 40 years of age are often overestimated, this research demonstrates that
the age range based on MAE included the known ages for all identified individuals (h=10). This suggests root translucency DAE methods are also
applicable to the younger OpID cases.

In conclusion, the non-destructive DAE methods are informative when used to identify deceased individuals of Central American geographic origin.

Reference(s):

L Bang, Gisle, and Erna Ramm. Determination of Age in Humans from Root Dentin Transparency. Acta Odontologica Scandinavica, 28, (1970):
3-35. https://doi.org/10.3109/00016357009033130.

2 Lamendin, H., E. Baccino, J.F. Humbert, J.C. Tavernier, R.M. Nossintchouk, and A. Zerilli. A simple technique for age estimation in adult corpses:
The two criteria dental method. Journal of Forensic Sciences, 37, (1992): 1373-1379. https://doi.org/10.1520/JFS13327J.

3 Gonzalez-Colmenares, Gretel, Miguel C. Botella-Lopez, Gregorio Moreno-Rueda, and Juan R. Fernandez-Cardenete. Age estimation by a dental
method: A comparison of Lamendin’s and Prince & Ubelaker’s technique. Journal of Forensic Sciences, 52, (2007): 1156-1160.
https://doi.org/10.1111/j.1556-4029.2007.00508.x.

4 Ubelaker, Douglas H., and Roberto C. Parra. Application of three dental methods of adult age estimation from intact single rooted teeth to a
Peruvian sample. Journal of Forensic Sciences, 53, (2008): 608-611. https://doi.org/10.1111/j.1556-4029.2008.00699.x.

Dental Age Estimation, Root Translucency, Hispanic
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A32  Reevaluating the Use of Percentage of Bone for Histological Age Estimations

Mariah E. Moe, MA*, New Braunfels, TX 78130; Timothy P. Gocha, PhD, Forensic Anthropology Center, San Marcos, TX 78666-4684

Learning Overview: After attending this presentation, attendees will understand the potential for using the percentage of non-remodeled bone tissue
in the histological analysis of cortical bone for the estimation of age at death from human skeletal remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that the use of non-
remodeled bone allows for easier training of histological methods and provides a more time-efficient means for age estimation when compared to the
more commonly used histological measures such as Osteon Population Density (OPD). In addition, this presentation will show how ArcGIS® software
can be used to maintain accuracy and precision of data collection while allowing for ease of access for future analyses. Finally, this presentation will
highlight the benefits of histology as an objective and highly sensitive tool that can be used in cases in which other macroscopic methods have failed
or are unavailable.

Traditional macroscopic methods for estimating age at death from human skeletal remains can be highly accurate when applied to younger decedents
but are notoriously inadequate when aging individuals over the age of 50 years. Primary, or non-remodeled, bone is produced during normal growth
and development. Throughout life, individuals undergo the lifelong process of remodeling wherein primary bone is replaced with microstructures
known as secondary osteons. As individuals age, the amount of primary bone tends to decrease as the number of osteons increases. Skeletal histology
as a means for age estimation has the potential to overcome the challenges encountered with macroscopic methods and more accurately estimate age
in older individuals.

This study quantified the percentage of primary bone from the anterior femoral midshaft of 30 modern cadaveric samples (15 males and 15 females)
ranging in age from 21 to 97 years. All femora were digitally subdivided circumferentially into octants, and radially into periosteal, middle, and
endosteal thirds. Specifically, the periosteal third of the anterior octant was examined, and the percentage of non-remodeled bone was evaluated using
static images and direct microscopic observation in linearly polarized light as well as brightfield illumination. Quantification of the non-remodeled
bone was accomplished using Geographic Information Systems (GIS) software, specifically the polygon feature tool within the ArcMap® interface of
ArcGIS®. Polarized light assisted with the quantification of the primary bone in that it highlighted the parallel structure of this bone, clearly delineating
it from the more concentric remodeled bone tissue. Often, a reversal line (the defining feature separating the secondary osteons and fragments from the
surrounding primary bone) could be better visualized with fine adjustments of the slide using brightfield microscopy.

All statistics were performed using SPSS version 24 and/or 25. Independent samples t-tests demonstrated no significant differences between males and
females based on age distribution. Normality of the data was evaluated using a Shapiro-Wilk test due to small sample size (n=15) based on sex, where
percentage of bone was the dependent variable and sex was the independent variable. The Shapiro-Wilk test revealed that the data were not normally
distributed between the sexes nor with the sexes combined. The data were then transformed using the square root function in SPSS. Another Shapiro-
Wilk test was performed and, as the test showed the transformed data to be normally distributed with maintenance of normality in the combined sex
evaluations, all further analyses were conducted on the transformed percentage values with the sexes combined.

The data showed a statistically significant inverse relationship between percentage of non-remodeled (primary) bone and age at death. Regression
analysis showed a linear relationship between the variables in the anterior, periosteal octant, accounting for 76% of the variability in age with a standard
error of £11.1 years.

These results were compared to previous research conducted by Maat et al. that investigated a smaller Region Of Interest (ROI) and showed that
increasing ROI size significantly improves its predictive power.! These results were also compared to the most widely utilized histological predictor
of age, Osteon Population Density (OPD). Linear regression analysis of OPD data previously obtained by Gocha revealed a strong correlation between
OPD and age, explaining 83% of the variability in age with a standard error of +9.2 years.? Quantification of the percentage of non-remodeled bone,
however, requires less time and less training to implement than evaluating OPD and may be an adequate first step in histological analysis of age at
death.

Reference(s):

L Maat, GJ.R., Maes, A, Aarents, M., and Nagelkerke, N.J.D. (2006). Histological age prediction from the femur in a contemporary Dutch sample.
Journal of Forensic Sciences, 51(2), 230-237.

2 Gocha, T.P. (2014). Mapping spatial patterns in cortical remodeling from the femoral midshaft using geographic information systems software:
Implications for age estimation from adult human skeletal remains. Unpublished doctoral dissertation, The Ohio State University, Columbus, OH.

Histology, Age Estimation, Non-Remodeled Bone

Copyright 2020 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 -75-




Anthropology—2020

A33  An Overview of the Camp Fire and Wildfire Situation in the West

Colleen F. Milligan, PhD*, California State University, Chico, Chico, CA 95929-0400; Ashley E. Kendell, PhD, California State University, Chico,
Chico, CA 95929-0400; Alison Galloway, PhD, University of California, Santa Cruz, CA 95064

Learning Overview: After attending this presentation, attendees will understand the scale and scope of the wildfire situation in the western United
States and the critical need for planning for such future large-scale disasters.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an overview of the
preparation needed to access appropriate personnel, train teams in the identification of badly burned human remains, and establish support structures
that facilitate the work on wildfire victims.

California, along with many western states in the United States, has experienced climatic changes with higher summer temperatures, a prolonged season
without rain and, recently, winter rains that facilitated plant growth, thereby increasing the fuel load. These changes have been accompanied by
increasing development of housing in once rural areas, often moving into heavily forested or wooded areas with limited access. These environmental
and human factors have combined to produce conditions where wildfires can spread rapidly and have a fatal impact.

In recent years, California has seen a dramatic increase in wildfire deaths along with the acreage consumed. For example, in 2010 there were 17
wildfires over 1,000 acres in the state but no fatalities. In contrast, in 2017 there were 61 such fires and 34 deaths, and in 2018 there were 58 fires and
100 fatalities. Of the 20 largest wildfires on record in California, 15 have occurred since 2000. Likewise, 15 of the 20 most destructive fires (in terms
of fatalities and structures destroyed) have also occurred since 2000. In the past, first responders were often those who died, but, increasingly, fires are
sweeping through residential areas with little or no time to mount evacuations. The bulk of those dying have been trapped in houses or vehicles.

The Camp Fire, which started during a period of high winds in the early morning of November 8, 2018, epitomizes the problems. The fire swept through
the small communities of Concow and Magalia but also demolished much of the city of Paradise. Limited egress trapped people in cars while the high
number of elderly and/or disabled residents meant many were unable to flee. Those who could escape often did so with few possessions and limited
means of communication, prompting frantic calls to the sheriff’s office regarding missing relatives. In the aftermath, Butte County was faced with a
huge number of “missing” and an unknown number of deceased in an area of more than 150,000 acres where downed power lines, ongoing fires, and
poor communication systems were the norm.

As the frequency of fire deaths has increased, anthropologists, led by California State University (CSU) Chico, pathologists, odontologists, and other
forensic scientists have developed strategies for search, recovery, and identification efforts that have proven to be effective and efficient. These
approaches came into play with the Camp Fire and enabled systematic recovery and identification. Strategies balance the different contributions that
members of the search and recovery teams bring along with the post-recovery analysis and identification. From this experience, lessons learned as well
as potential pitfalls highlight the need for preparation, collaboration, coordination, delegation, and focus.

Camp Fire, Wildfire Responses, Mass Fatality
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A34  Butte County’s Response to the 2018 California Camp Fire

Jennifer Celentano*, Butte County Sheriff’s Office, Oroville, CA 95965

Learning Overview: After attending this presentation, attendees will understand how the Butte County Sheriff’s Office responded to the Camp Fire,
now the deadliest wildfire in California history. This presentation provides information on the response operations of the Butte County Sheriff’s Office.

Impact on the Forensic Science Community: The Camp Fire was the second of two back-to-back disasters in Butte County within 18 months. The
first disaster took place in February of 2017 when the Oroville Dam Spillway failed. Knowledge gained from the spillway incident was subsequently
applied when Butte County responded to the Camp Fire. This presentation discusses the lessons learned after responding to two mass disaster situations,
but will primarily focus on the recovery efforts initiated in response to the Camp Fire, especially how Butte County navigated the ever-changing
landscape of disaster response and the flexibility needed to adapt to unpredictable challenges.

The Northern California Camp Fire started around 6:15 a.m. on November 8, 2018, in a remote area of Butte County near the small community of
Pulga in the Sierra Nevada foothills. From its origin, the fire was driven northwest by intense winds (up to 55mph). Jumping from ridge to ridge, it was
estimated that the fire consumed approximately 80 acres per minute. The fire quickly pushed through the community of Concow. At 7:45 a.m., a spot
fire was reported in eastern Paradise. By 8:45 a.m., the fire had progressed halfway through the town of Paradise and by noon, the California Department
of Forestry and Fire Protection (CAL FIRE) had issued an order for fire resources to begin pushing cars off the roads to unblock escape routes. The
fire continued to aggressively burn toward the surrounding communities of Oroville and Chico. At 9:08 p.m., fire personnel retreated out of Honey
Run Canyon reporting that they “lost everything.” In all, the communities of Concow, Paradise, Magalia, and Butte Creek Canyon were destroyed in
less than 12 hours. Despite the danger and potential loss of life, Butte County first responders succeeded in evacuating 52,000 residents from the area.

Following the Camp Fire, a number of communication challenges arose. Dispatch centers became inundated with phone calls from people needing help
or looking for loved ones. Coroner units were forced to use cell phones to communicate, but the fire had destroyed many cell phone towers, leading to
widespread areas without cellular reception. Teams attempted to limit radio traffic to reduce the spread of information to the media.

As the magnitude of the incident became apparent, and the fatality count continued to rise, assistance was requested from throughout the state and
neighboring states. Fifty-five of the 58 counties in California sent personnel to assist in recovery efforts. Search and Rescue (SAR) teams arrived from
Oregon, Nevada, Texas, and Ohio. During the peak of the operation from November 9 to November 25, the daily personnel included 200 law
enforcement officers, 500 SAR volunteers, 50 personnel assigned to SAR Overhead teams, 300 fire urban SAR personnel, 300 National Guard search
personnel, 70 National Guard support personnel, 55 coroner investigators, 45 anthropologists, 4 forensic odontologists, 10 morgue personnel from
Sacramento County, 5 DNA specialists, 3 crime analysts, 5 morgue support personnel, 3 pathologists, 25 canine units, one person from Alameda
County doing aerial mapping, and approximately 200 miscellaneous support personnel.

As recoveries progressed, the focus shifted to decedent identification efforts. An ANDE® Rapid DNA machine was established at the Sacramento
County Coroner’s Office for victims’ DNA. Butte County obtained next-of-kin DNA profiles to compare with the decedents” DNA profiles. By
November 20, 17 of the 79 victims had been positively identified by DNA. One month later, by December 20, the fatality count had increased to 85
with 48 of the victims positively identified using DNA. Currently, nearly eight months later, the decedent count stands at 85 with 79 of the victims
positively identified. Collaborative efforts are ongoing between Butte County and ANDE® to identify the remaining six victims.

Before it was ultimately contained on November 25, 2018, the Camp Fire consumed 153,336 acres and 18,793 structures, and resulted in the deaths of
85 people. To date, the Camp Fire is the deadliest and most destructive fire in California history, the sixth-deadliest wildfire in United States history,
and the world’s most costly natural disaster in 2018. From this fire, Butte County learned to navigate the ever-changing landscape of mass disaster
response and how to best prepare for future mass fatality incidents.

Mass Disaster Preparation, Wildfire Victim Identification, Mass Fatality Response
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A35  Search and Recovery Protocols for Fatal Fire Victims of the 2018 California Camp Fire

Eric J. Bartelink, PhD*, California State University, Chico, Chico, CA 95929-0400; Ashley E. Kendell, PhD, California State University, Chico, Chico,
CA 95929-0400; Jacqueline L. Galimany, BS, California State University, Chico, Chico, CA 95929-0400; Karen Gardner, MA, AECOM, Oakland, CA
94612; Leigh Hayes, Greenville, Wl 54942; Casey A. Hegel, BA, California State University, Chico, Chico, CA 95929; Vanessa C. Reeves, BA,
California State University, Chico, Chico, CA 95929; Alyssa Straub, BA, California State University, Chico, Chico, CA 95926; Maura Timmons, BS,
California State University, Chico, Chico, CA 95929-0400; Leah Tray, BA, Chico, CA 95973

Learning Overview: After attending this presentation, attendees will understand protocols for the search and recovery of burned human remains from
mass fatality fire scenes.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an overview of protocols
used in the search and recovery of fatal fire victims from the 2018 Camp Fire disaster in northern California. This presentation will further discuss the
need to adapt existing fire scene protocols to large-scale fire fatality events.

Fatal fire scenes are among the most complex and challenging contexts for forensic archaeological recovery. Thermally altered human remains are
highly fragmentary and demonstrate a wide range of color changes, making it difficult to discern skeletal material from burned non-human remains
and debris. Experimental research on fire scenes has resulted in detailed protocols for the efficient and thorough recovery of fatal fire victims. However,
for large-scale mass fatality fire scenes, efficient processing of multiple residences requires a more flexible protocol, especially when the medicolegal
focus is on victim recovery and identification.

In the early morning hours of November 8, 2018, high winds damaged power lines on Camp Creek Road in the community of Pulga, CA, resulting in
a massive wind-fueled fire that devastated the adjacent rural communities of Paradise, Magalia, and Concow. The Camp Fire resulted in 85 fire-related
fatalities and the destruction of more than 150,000 acres and 19,000 structures, making it the deadliest and most destructive fire in California’s history.
Although the search for and recovery of fatal fire victims was primarily coordinated through the Butte County Sheriff’s Office, the effort enlisted the
services of all available state coroner and search and rescue teams, the California Office of Emergency Services, the National Guard, the California
Department of Forestry and Fire Protection (CAL FIRE), and multiple local and regional fire departments. Early in the recovery effort, the sheriff’s
office requested California State University, Chico’s recovery team, which in turn requested additional anthropologists from California and Nevada.

The scale and complexity of the disaster required the deployment of several smaller teams to the three affected communities. The most effective team
structure involved having anthropology team members embedded within coroner’s teams, with CAL FIRE personnel available to assist with moving
large debris from structures. Each day, the sheriff’s office provided a list of residential addresses to search, based on reported missing cases. However,
each team also received numerous call-outs throughout the day by search and rescue and canine teams to determine forensic significance during their
systematic search of the 19,000 destroyed structures. The majority of the call-outs involved non-human remains (e.g., pets, wildlife, and food refuse),
burned debris, or false-positive canine hits. Accuracy improved when anthropologists implemented training to assist searchers with recognizing burned
and calcined remains. The size of the recovery team fluctuated significantly each day, requiring flexibility in team composition and selection of recovery
scenes.

Over a 20-day period, forensic anthropology teams conducted targeted searches for human remains in hundreds of burned residential structures and
automobiles. Search patterns began with a perimeter walk around the structure, followed by a minimally invasive foot survey through the structure
with a small team, and finally, a thorough search with small hand tools using a larger team. This approach was efficient for locating remains, especially
from trailer homes and one-story residences. Multi-story residences and apartment complexes required significant debris removal, as well as more in-
depth excavation and searching to locate remains. In most cases, human remains consisted of small, calcined bone fragments, although residual charred
tissue often adhered to the thorax, pelvis, and thigh region. Human remains were recovered using trowels, brushes, hand sieves, and other small hand
tools, and screening stations were set up to ensure a thorough recovery of smaller remains. Coroner teams were responsible for scene documentation,
photography, and recording the location of remains using a total station. In total, forensic anthropology teams assisted in the recovery of 75 of the 85
fire victims and, in some instances, assisted with secondary recoveries of scenes processed previously without anthropology teams. Three scenes
involved multiple fire victims and showed extensive commingling. The recovery protocol implemented in the Camp Fire disaster was effective and
efficient for locating and recovering all known fatal fire victims and further aided identification efforts by other forensic experts.

Forensic Anthropology, Mass Fatality Fire Scene, Burned Remains
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A36  Forensic Pathology, Identification, Morgue Operations, and Management of the Camp Fire Victims

Kimbelry D. Gin*, Sacramento County Coroner’s Office, Sacramento, CA 95820; Kathy Raven, MD*, Sacramento, CA 95820

Learning Overview: After attending this presentation, attendees will understand some of the principles of forensic pathology utilized in examining
wildfire victims, cause of death and certification, issues surrounding identifications, and the task of operating a morgue after a mass fatality event.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by emphasizing the issues faced and the
solutions that were utilized when processing, examining, identifying, and certifying human remains after a wildfire. This presentation will also
emphasize the need for a change in the way remains have been historically processed and examined to facilitate faster identification.

Mass fatality incidents are fraught with difficulties, from recovery to examination to identification. The larger the incident, the larger the issues
encountered. On the morning of November 8, 2018, a wildfire, dubbed the Camp Fire, started in Butte County, CA, and quickly became the biggest
mass fatality incident in California’s recorded history for any wildfire. Butte County Sheriff Coroner requested assistance from Sacramento County
with the examination and identification of the victims. The remains were transported to Sacramento County and were processed, examined, and various
methods of identification were utilized. A team of Sacramento pathologists and two pathologists from surrounding counties examined 84 of the 86
victims. All examinations were completed within two weeks of the fire and the identification process began immediately. The causes of death ranged
from fire-related injuries to gunshot wounds.

Within three months of the fire, 87% of the victims were positively identified despite the extremely poor condition of the remains. Five of the victims
were able to be identified quickly by fingerprints; 15 were identified by dental comparisons; and 2 victims were identified by hardware. The majority
of the fire victims were identified by rapid DNA, which had not been utilized in a mass fatality in the United States prior to this event.

The inclusion of rapid DNA into the identification process highlighted issues that had to be addressed. The conventional DNA testing, which is by
nature a lengthy process, was replaced with rapid DNA, resulting in very quick identifications. Traditionally, DNA testing takes so long that the exams
are completed and the causes of death are determined long before the DNA results are known so death certification is quick once the person is identified
by DNA. With rapid DNA, the identification was completed before the cause of death was determined in most of the cases. This issue led to families
having to wait to receive a death certificate to complete burial arrangements and complete federal paperwork for aid. Steps had to be taken to help
expedite cause-of-death determinations and rushes were placed on toxicology in order to help the families with this process.

Another issue faced was the lack of anthropologists to handle examinations in the field and at the morgue. Some of the identification attempts were
delayed due to this issue.

In the end, the lessons learned from this event will aid other agencies in similar mass fatality events. This incident is a real example of crossing borders
with multiple agencies working together on so many levels, and the results were extraordinary.

Mass Fatality, Identification Methods, Forensic Pathology
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A37  Wildfire Search, Recovery, and ldentification of Victims: Post-Recovery Anthropological Analysis and
Identification

Lauren Zephro, PhD*, Santa Cruz Sheriff’s Office, Santa Cruz, CA 95062; James D. Wood, DDS, Santa Rosa, CA 95404; Alison Galloway, PhD,
University of California, Santa Cruz, CA 95064

Learning Overview: After attending this presentation, attendees will better understand the analytical and logistical challenges faced by anthropologists
in the post-recovery analysis and identification of victims of a mass casualty wildfire. The primary goals of this presentation are to define the role of
anthropology in this context and to present strategies for case documentation and maximizing evidence recovery.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by bringing attention to the planning
required for mass casualties from wildfire, which must include post-recovery analysis. Prior to any disaster, understanding the role anthropologists play
in this context, how they integrate with the other team members, how to stage anthropological analysis within the identification process, and how and
when to use anthropological services needs to be clarified and planned for.

The California wildfires tested the ability of agencies to plan and execute a systematic search, recovery, analysis, and identification of fire victims. As
we plan for future fires, ensuring that there are personnel to cover the post-recovery operations is essential. Primary efforts are on positive identification
of fire victims so that remains may be returned to grieving families as expeditiously as possible. The analytical and logistical challenges involved in
post-recovery analysis and identification need to be addressed in order to smoothly integrate anthropology into morgue operations involving wildfire
victims. This presentation offers procedures and strategies for the documentation and analysis of wildfire victims in the morgue setting.

Anthropologists are critical in the morgue analysis of wildfire victims, complementing the work of pathologists, odontologists, DNA analysts, and
morgue staff. Anthropology’s contributions include: (1) removal of non-osseous material from human remains, (2) separation of human and non-human
material, (3) identification of incomplete recoveries, (4) identification of split recovery of remains, (5) identification of commingled remains, and (6)
identification of elements useful for positive identification, such as appropriate DNA samples. Using examples from the Camp Fire, handled through
the Sacramento County Coroner’s Office, basic issues include the range of thermal damage to remains, the extent of commingling (human and non-
human), and the difficulty of isolating material useful for identification.

In the Camp Fire analysis, anthropologists examined 69 of the 86 “cases” recovered. While some remains were partially burned, retaining significant
soft tissue, most cases were severely impacted by the fire. Sorting calcined material became extremely important and resulted in fluctuating body counts
as body segments were reunited or commingled remains identified.

Anthropologists began work in the morgue approximately nine (9) days after the outbreak of the fire. Often their analyses followed examination by the
pathologists and odontologists. This sequence was problematic as anthropologists focused not only on the numbered remains, but also on the elements
represented by addresses and the localities of where remains were recovered. Often commingled remains recovered from the same address were bagged
“separately” but each container collected from the field represented a full intermingling of bodies from a specific locale.

In order to work efficiently, a systematic approach was developed. Bone fragments were separated by body segment, examined to ensure that full body
recovery was present, and elements separated that may be useful for positive identification. Additionally, all remains found at a single address were
analyzed simultaneously to address comingling issues. Peer review was accommodated by separate examination by one anthropologist, then cross-
checking the work of the other. Potential disagreements or clarifications were discussed prior to sign-off. Case records were memorialized using
extensive photo documentation and standard recording forms.

Given that major contributions of anthropology include identifying teeth, comingling, and appropriate samples for DNA, the integration of anthropology
at the beginning of the analytical process is recommended. With these fragile remains, anthropologists should work prior to other disciplines (pathology,
odontology, and DNA) to minimize damage and to maximize appropriate specimens for other experts. Another important lesson learned is the
importance of small bones, such as carpals and tarsals, and bone fragments to identify comingling. Lastly, to prepare anthropologists for the complexity
of burned bone analysis on a large scale, training opportunities are recommended to address these issues as a specialty area.

It is recommended that planning for future such disasters account for early anthropological analysis in the post-recovery efforts. Anthropologists should
work on fully burned remains prior to the work of the pathologists and odontologists. Normal analysis is limited by the condition of remains and pace
of identification, but valuable contributions are still possible. Training specific to burned bone analysis is recommended for anthropologists planning
on contributing to wildfire mass disasters.

Forensic Anthropology, Burned Bone, Identification
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A38  Wildfire Search Protocols and Victim Recovery

Richard Selden, MD*, ANDE Corporation, Waltham, MA 02451-1166; Rosemary Turingan Witkowski, ANDE Corporation, Waltham, MA 02451

Learning Overview: After attending this presentation, attendees will better understand the use of Rapid DNA for disaster victim identification and the
integration of Rapid DNA identification with forensic odontological, pathological, and anthropological analyses. The primary goal of this presentation
is to discuss the value of routine, coordinated utilization of Rapid DNA identification during and in the immediate aftermath of a mass disaster.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by discussing the use of Rapid DNA to
generate DNA IDs (also known as DNA fingerprints or Short Tandem Repeat (STR) profiles) in real-time from unidentified human remains. By
comparing a database of these DNA IDs to those generated from familial reference samples and antemortem victim samples, it is possible to assign
identities to victims, often within hours of intake.

In November 2018, the Camp Fire raged through Butte County, consuming 800 acres of Northern California per minute. As with most mass disasters,
conventional identification modalities (e.g., fingerprints, dental records, radiographic features, hardware) were utilized to identify victims. The intensity
and duration of the fire severely degraded most of the remains, and, as a result, the conventional approaches were useful in only about one-quarter of
the cases. In the past, the remaining cases would be subjected to laboratory DNA analyses, which typically requires months to years. Instead, Rapid
DNA identification, was, for the first time, utilized to identify the majority of victims within hours to days following recovery.

Rapid DNA identification is the fully automated process of generating a DNA ID from a forensic sample, typically performed outside the laboratory
by non-technical operators, with results available in less than two hours.! Rapid DNA identification is based on four integrated processes: purification
of genomic DNA from a sample; rapid multiplexed amplification of the FlexPlex™ loci, a set of 27 STR loci (amelogenin, 3 Y-chromosomal STR
(Y-STR) loci, and 23 autosomal loci); separation of the resulting STR amplicons by polyacrylamide gel electrophoresis; and data processing and locus
and allele assignation using an onboard expert system.2 DNA IDs generated from human remains were compared to DNA IDs generated from family
references samples using automated kinship software.

Rapid DNA identification expanded to take on a central role in victim identification. Faced with burn victims, among the most difficult types of remains
to identify, the use of Rapid DNA led to surprising synergies, with work being performed in parallel in pathology, odontology, and anthropology. From
the use of DNA IDs to triage efforts in these disciplines to the identification of comingled remains, Rapid DNA was shown to be an invaluable tool in
the victim identification process. This presentation will describe results from the rapid processing of severely degraded bone, tissue, and blood samples
and the use of familial searching software. Finally, the application of Rapid DNA in related forensic applications will be discussed.

Reference(s):

L Christopher Carney et al. Developmental validation of the ANDE Rapid DNA system with FlexPlex assay for arrestee and reference buccal swab
processing and database searching. Forensic Science International: Genetics 40 (2019): 120, https://doi.org/10.1016/j.fsigen.2019.02.016.

2 Ranjana Grover et al. FlexPlex 27—Highly multiplexed Rapid DNA identification for law enforcement, kinship, and military applications.
International Journal of Legal Medicine 131:6 (2017): 1489, https://doi.org/10.1007/s00414-017-1567-9.

Rapid DNA Identification, FlexPlex™, Familial Searching
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A39  Outside Agency Response to the California Camp Fire

Timothy P. Gocha, PhD*, Forensic Anthropology Center, San Marcos, TX 78666-4684; Kyra E. Stull, PhD*, University of Nevada, Reno, Reno, NV
89557; Marin A. Pilloud, PhD, University of Nevada, Reno, Reno, NV 89557-0096

Learning Overview: After attending this presentation, attendees will understand the ways in which anthropologists from agencies outside the state of
California responded to offer assistance in the search and recovery efforts in the aftermath of the Camp Fire in northern California.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by offering insight into the logistical,
financial, and ethical considerations faced by outside agency responders and offer recommendations for other anthropologists who may one day serve
as responders from outside agencies to mass fatality incidents.

On the morning of November 8, 2018, a wildfire started in Butte County in northern California and began to spread. Termed the Camp Fire, it quickly
grew to become the most destructive and deadliest wildfire in California history. By the evening of November 10, anthropologists responding to the
incident from California State University, Chico recognized the need for additional anthropological resources and requested assistance from forensic
anthropologists in northern and southern Nevada. Data for this presentation comes from the experiences of these forensic anthropologists. Similarities
and differences will be noted and discussed.

Anthropologists responding from northern Nevada were primarily affiliated with the Department of Anthropology with the University of Nevada, Reno
(UNR), including 2 faculty members and 15 graduate students. Due to their proximity to the camp fire, UNR anthropologists were able to begin assisting
with recovery efforts on Sunday, November 11. They were also able to return to Reno to fulfill academic obligations during the week and return to
assist as available. In total, UNR anthropologists deployed three times throughout the month of November to provide support over approximately nine
days. The large number of individuals displaced by the wildfire resulted in no vacancies in local hotels in Chico and all UNR anthropologists stayed in
personal residences of Chico State anthropologists. Financially, efforts from UNR anthropologists were initially self-financed, though students and
faculty were eventually reimbursed for gasoline and some food expenses through UNR using funds received from local forensic anthropological
casework.

Anthropologists responding from southern Nevada were affiliated with the University of Nevada, Las Vegas (UNLV), including one faculty member
and three graduate students. However, in their response to the Camp Fire, these anthropologists were considered primarily affiliated with the Clark
County Office of the Coroner/Medical Examiner (CCOCME), where they served as the forensic supervisor, two of the graduate students were part-
time forensic staff, and one graduate student was a forensic anthropology intern. Because of their affiliation with a government agency, anthropologists
from the CCOCME were subject to an Emergency Management Assistance Compact (EMAC) agreement between California and Nevada, which
delayed deployment to the Camp Fire response. As such, CCOCME anthropologists were unable to respond as quickly as those from UNR and began
assisting with recovery efforts on Monday, November 12, and stayed until November 17. Similarly to the anthropologists from UNR, CCOCME
anthropologists also relied on Chico State anthropologists for lodging, and efforts were also initially self-funded. Although the EMAC initially delayed
CCOCME response, it did allow for those anthropologists to be paid for their time and efforts in the field, as well as reimbursement for travel expenses
by Clark County, which was later reimbursed by the state of California. Further conversations after the event with EMAC coordinators revealed that
while EMAC does not have provisions for academics per se, if anthropologists are employed by a public university, accommodations could be made
to ensure reimbursement for those individuals. It is recommended that anthropologists housed in academic units begin a dialogue with Emergency
Management coordinators in their state prior to a mass fatality event, to establish a framework for reimbursement.

The response by anthropologists from both UNR and the CCOCME offered not only an important professional service to the affected communities,
but also allowed for hands-on training and professionalization of students in the field. This ranged from practical experience of field operations in a
series of changing environments to building skills of professional interaction with various law enforcement and responder agencies.

Camp Fire Response, Search and Recovery, Mass Fatality Response
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A40  Demography of the Camp Fire Fatalities

Samuel A. Mijal, BS*, Phoenix, AZ 85004; P. Willey, PhD, Chico State University, Chico, CA 95929-0400

Learning Overview: After attending this presentation, attendees will understand which segments of a population are disproportionately impacted
during catastrophic events. Such was the case involving foothills communities devastated by the November 2018 Camp Fire in northern California.
There, older adults and those with mobility inhibiting disabilities died in greater proportions than other groups.

Impact on the Forensic Science Community: This presentation will impact the forensic sciences community by serving as a case study for identifying
high-risk groups in wildfire mass fatality events. Employing these results and insights as a foundation, the most at-risk groups can be identified and
slated for education, planning, and warning before catastrophic events occur. In addition to preparations, those at-risk groups should be the focus of
resources during emergencies, as well as search and recovery and identifications following catastrophes.

Data for the Camp Fire Communities (Concow, Paradise, and Magalia) came from several sources. The 2010 United States census provided the
communities’ age and sex distributions. Economic and disability information were derived from the 2017 American Community Survey estimates. The
Butte County Sheriff’s Office provided the fatalities” ages (recorded to the most recently completed whole year), sex, and locations. Information
concerning the victims’ disabilities came from a local newspaper’s accounts consisting primarily of personal recollections from family members and
friends.

Approximately 38,000 inhabitants lived in the three Camp Fire Communities, with the largest town (Paradise) comprising about two-thirds of that total.
Stereotyped as retirement communities, the foothill towns tended to have greater proportions of older adults, and many inhabitants lived on limited
incomes in a community where the median income was $10,000 below the national median and $19,000 below the state medium (Community median
income was $47,743). In addition, these towns had a greater proportion of disabled community members. As examples, the Communities accounted
for nearly double the rate of ambulatory and independent living-challenged members than the state or country.

Eighty-five individuals died in the Camp Fire, 83 of whom have been identified. This demographic work uses the identified individuals and omits the
other two from further consideration. No infants, children, or adolescents died from the blaze. In addition, very few young and middle-aged adults
expired. On the other hand, older adults represented a disproportionally high number of victims. The ages of the fatalities varied from 20 to 99 years,
with a mean of 72.06 years. By sex, female fatalities exceeded male fatalities: 44 females, 39 males. The fatality age distribution by sex proved
statistically similar. However, when four outliers were excluded from the data set (two younger outliers of each sex), a statistically significant difference
occurs. Female fatalities averaged five years older than males. The ancestral makeup of the Camp Fire Communities was largely White (92%), with
6.94% self-identifying as Hispanic. Ten (12%) fatalities had Spanish surnames, a distribution greater than the census percentage and approached, but
failed to achieve, statistical significance. Anecdotal evidence provided by personal accounts indicated that Camp Fire victims exhibited high rates of
mobility-inhibiting disability.

The towns of Concow, Magalia, and Paradise represented communities with higher-than-average at-risk populations with advanced age and mobility-
inhibiting disability being the main issues. Assessment of the Camp Fire victims’ and Communities’ demographic variables reinforced how these risk
factors contributed to individual casualties.

Demography, Camp Fire, Mass Fatality Event
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A41  Locational Analysis of the Camp Fire Fatalities in Communities and Residences

Casey A. Hegel, BA*, California State University, Chico, Chico, CA 95929; Samuel A. Mijal, BS, Chico, CA 95926

Learning Overview: After attending this presentation, attendees will understand the application of Geographic Information Systems (GIS) to forensic
anthropology for the spatial analysis of fatalities in a mass disaster.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the use of geospatial
analysis to examine mass fatality events to assist communities in identifying vulnerability in a population and to aid in recovery efforts.

On Thursday, November 8, 2018, a brush fire in Pulga, CA, started early in the morning. Fueled by high winds and overall dry climate from significant
droughts, the fire swept through the towns of Concow, Paradise, and Magalia. These towns are all foothill communities, with Magalia and Paradise
having one arterial road, named the Skyway, to get in and out of the town. The Camp Fire is currently the deadliest and most destructive fire in
California’s history. The fire burned more than 150,000 acres, more than 18,000 structures were destroyed, and it resulted in 85 fatalities. With the
increase of fire events, it is important to examine disasters to identify vulnerable individuals in communities in order to help prevent fatalities in future
mass disaster events.

This analysis utilizes ArcMap® 10.7 to spatially examine the locations of the fatalities from the Camp Fire. Data on fire victims and the locations where
these individuals were recovered was provided by Butte County Sheriff’s Office. Information concerning the victims’ disabilities came from local
newspaper accounts that consisted primarily of personal recollections from family members and friends. The fire perimeter used for this analysis was
obtained from the California Department of Forestry and Fire Protection (CAL FIRE) website. Shapefiles for roads and counties were downloaded
from United States census data. Landsat 8 satellite imagery was also utilized.

GIS analysis allows for assessment of factors that could have contributed to the deaths of individuals in the Camp Fire. This includes the location of
fatalities in relation to the spread of the fire across the communities. The victims’ ages, sex, and any mobility-inhibiting disabilities are also assessed.
Furthermore, the distance from home addresses to where victims were found in vehicles on arterial and secondary thoroughfares is evaluated to assess
the relationship between the human response to the fire spreading and to evaluate how traffic congestion in the early hours of the fire contributed to
the high fatality rate for this fire.

Results from spatial analysis led to several conclusions. Primarily, it is concluded from this study that proximity to arterial thoroughfares did not
influence the Camp Fire victim demographics. In addition, this study identified a lack of relationship between age and distance of remains from the
origin of the fire, contrary to expectations. This suggests victim age and disability played a significant role in victim demographics, while distance from
the fire’s origin and the warning time it afforded was less of a factor. Finally, sex of the individual and distance from the origin of the fire were found
to have no relationship, supporting the conclusion that sex was not a strong factor in the response to the fire and subsequent evacuation of the Camp
Fire communities. A spatial autocorrelation, using Moran’s | to examine fatalities and the variable of age, shows a significant positive relationship for
a clustered pattern in the distribution of fatalities. This supports victim age as playing a role in victim demographics and indicates that individuals are
likely not randomly dispersed throughout the towns of Concow, Paradise, and Magalia.

Geospatial examination of fire fatalities, as applied in this study, can allow for identifying preventative measures for communities that are particularly
at risk and vulnerable in mass disaster events. Also, the examination of location patterns in fatalities could aid in future mass disaster recovery efforts
of human remains.

Mass Fatality Incident, Spatial Analysis, Camp Fire
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A42  Anthropology and Mass Fatality Management in Wildfire Disasters

Colleen M. Cheverko, PhD*, Merced, CA 95343-5001; Colleen F. Milligan, PhD, California State University, Chico, Chico, CA 95929-0400; Melanie
M. Beasley, PhD, Purdue University, West Lafayette, IN 47907-2059; Lisa N. Bright, PhD, Yuba City, CA 95991; Shannon J. Clinkinbeard, BA, 400
W 1%t Street, Chico, CA 95929; Leigh Hayes, Greenville, W1 54942; Jessica Hotaling, BA, Chico, CA 95926; Mallory J. Peters, MA, State University
of New York, Binghamton, Binghamton, NY 13905; Julia R. Prince-Buitenhuys, MA, California Department of Water Resources, West Sacramento,
CA 95961

Learning Overview: After attending this presentation, attendees will better understand the roles anthropologists play in managing both recovery and
identification of victims from wildfire events. Wildfires are a type of mass disaster that requires the coordination of resources across numerous agencies
to address fatality management.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an overview of mass fatality
policy development in response to lessons learned from mass disasters. The continued development of mass fatality policies affects both training and
agency responses to future events.

The 2018 wildfire season in California was the deadliest and most destructive season in California Department of Forestry and Fire Protection (CAL
FIRE) history. With a total of 310 incidents, California recorded 93 fatalities and more than 23,000 structures destroyed. The deadliest single incident
of both the season and California wildfire history was the Camp Fire in Butte County, CA. The Camp Fire alone recorded 85 fatalities to date and more
than 18,793 structures destroyed. Moving through the communities of Pulga, Concow, Paradise, and Magalia, the wildfire’s speed and size also required
the largest deployment of resources to a single mass fatality event in California history.

Mass fatality incidents are defined as any incident in which the number of dead immediately overwhelms local resources. In California, the local agency
maintains operational control but can request assistance from both state and federal agencies in the event of a disaster, as well as other jurisdictions
through a mutual aid system. Assistance can include subject matter experts, funding, and resources. Forensic anthropologists are often called to assist
in both the recovery and identification process of victims in mass fatality incidents, along with medical examiners, coroners, odontologists, X-ray
technicians, and other mortuary personnel. Traditionally, forensic anthropologists play a larger role during mass fatality disasters in the mortuary
identification process than in field recovery operations. However, the 2018 Camp Fire utilized more anthropologists in field operations than in mortuary
operations, inverting the more typical use of anthropologists. This resulted in the recovery of 85 victims across a 153,336-acre search area in under
three weeks with no false positive cases sent to the mortuary.

Terrorism events, aviation disasters, pandemics, earthquakes, and hurricanes are usually the focus of mass fatality planning, whereas wildfires have
not received the same amount of attention. However, the fatalities associated with wildfires present unique challenges to both the recovery and
identification processes. Lessons from the 2018 fire season highlight the need to include anthropologists in operational planning in both pre-planning
and incident response. This includes organization of victim search efforts, distinguishing between human/non-human/non-osseous materials, assistance
in mortuary operations, field gear acquisition, field training for all search personnel, data logistics, and multi-agency coordination.

This study recommends an increased role for anthropologists in the pre-planning stage to increase the training sources available to law enforcement,
search and rescue, CAL FIRE personnel, and medical examiner/coroner teams. In addition, involvement in planning would help with preparatory field
gear acquisition for more rapid deployment during wildfire events. Also recommended is the inclusion of anthropology personnel in the active search
for victims of wildfires, given the condition of remains in these instances. This recommendation reduces the number of false positive numbers in the
field and increases the percentage of remains recovered, which in turn improves the speed and accuracy of positive identifications in the event.

Camp Fire, Disaster Planning, Wildfire Responses
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A43  The Infant Injury Database

Miriam E. Soto Martinez, PhD*, Harris County Institute of Forensic Sciences, Houston, TX 77054; Jason M. Wiersema, PhD, Harris County Institute
of Forensic Sciences, Houston, TX 77054; Deborrah C. Pinto, PhD, Harris County Institute of Forensic Sciences, Houston, TX 77054; Julie M.
Fleischman, PhD, Harris County Institute of Forensic Sciences, Houston, TX 77054; Christian Crowder, PhD, Southwestern Institute of Forensic
Sciences, Dallas, TX 75207; Jennifer C. Love, PhD, Office of the Chief Medical Examiner, Washington, DC 20024; Sharon M. Derrick, PhD, Texas
A&M University-Corpus Christi, Corpus Christi, TX 78412; Christopher S. Greeley, MD, University of Texas Health Science Center at Houston,
Houston, TX 77030; Marcella Donaruma-Kwoh, MD, Texas Children’s Hospital, Houston, TX; Angela Bachim, MD, Baylor College of Medicine,
Houston, TX 77030

Learning Overview: After attending this presentation, attendees will be aware of the Infant Injury Database (I1D), the types of data archived in the
database, the composition of the population sample, and the mechanism for requesting access to the data. This presentation provides a more detailed
description of the database previously described by Soto Martinez et al.*

Impact on the Forensic Science Community: This presentation will impact the forensic science community by creating awareness of and providing
information about a valuable resource for conducting evidence-based research on the recognition and diagnosis of child abuse.

The 11D is a valuable data source for forensic and clinical practitioners interested in developing statistically sound, validated diagnostic models to
inform decision-making with regard to abusive injury. It is a comprehensive collection of demographic information, investigative information (law
enforcement, medical examiner death investigation, child protective services), scene observations, medical history, and autopsy findings from all
pediatric (0-5 years) examinations conducted at the Harris County Institute of Forensic Sciences (HCIFS). To mitigate the introduction of selection
bias, age was the only factor limiting inclusion into the I1D. All data pertaining to Postmortem Examinations (PME) were prospectively collected from
autopsy reports and gross rib exams or full pediatric skeletal exams conducted by an HCIFS forensic anthropologist. Full pediatric skeletal exams were
conducted, per the pathologist’s request, on cases of concern for abusive injury or suspicious circumstances.

For each case in the database, 2,071 fields of data (discrete and free-text) are collected with the ability to attach additional comments to any data field.
General case information, such as demographics, height/weight, and manner/cause of death, is documented in the first 25 fields of the database. Ninety-
nine fields describe the events leading up to the terminal event (i.e., co-sleeping, napping, traumatic injuries), and detail information such as who found
the decedent (i.e., mother, father, parent’s paramour, etc.) and where they were found (i.e., bed, bassinet, crib, couch). These fields also describe the
decedent’s physical appearance (i.e., lividity, rigor mortis, cold to the touch) upon discovery or assessment by medical personnel. If the decedent was
not transported to the hospital, observations from scene photos are recorded in 27 fields, describing the decedent’s sleep environment (when applicable)
and general home environment (i.e., clean, unkempt, insect activity, etc.). Eighty-seven fields document the decedent’s medical history (prenatal, birth,
and postnatal) and family medical history. Parental/caregiver social histories (tobacco, alcohol, and illicit drug use) are documented in 21 fields. History
with child protective services involving the decedent, sibling, and/or parent/caregiver are recorded in 157 fields, including number of investigations,
associated allegations, and allegation determination. Medical examiner findings are recorded in 1,655 fields and are organized by location of injury,
such as external body, internal body, and skeletal system. External injuries to specific body parts (i.e., face, lips, left hand, buttocks, etc.) are documented
in 76 fields, including injury type (i.e., contusion, laceration, abrasion, etc.) and whether the observed injuries resulted from medical intervention. There
are 106 fields for documenting internal injuries to body organs, and subcutaneous and intramuscular soft tissues, which includes descriptions of injury
type (i.e., hemorrhage, pulpification, laceration). The largest number of PME fields (n=1,473) are dedicated to the documentation of skeletal injuries.
There are fields for recording fracture type, number of fractures, and stage of healing for almost every bone in the body. Free-text boxes are utilized
for documenting injuries to the bones of the hands and feet as these types of injures are uncommon.

Currently, the 11D contains data on 710 pediatric cases (female=289, male=421) and the sample continues to expand. These data were collected
intermittently from 2010 to 2013 and have been continuously collected from 2014 to the present. Infants form the largest group in the 11D (<12
months=633, 89%), followed by children 1-2 years of age (n=32), 2-3 years of age (n=22), 3-4 years of age (n=15), and 4-5 years of age (n=8). With
regard to ethnicity, African Americans form the largest group in the 11D (n=305, 43%), followed by Hispanics (n=237), White/European Americans
(n=150), and Asians (n=18).

Reference(s):

L Soto Martinez, Miriam E., Jennifer C. Love, Deborrah C. Pinto, Jason M. Wiersema, Sharon M. Derrick, Angela Bachim, Christopher Greeley,
et al. The Infant Injury Database: A Tool for the Study of Injury Patterns in Medicolegal Investigations of Child Abuse. Journal of Forensic
Sciences, (July 2019), https://doi.org/10.1111/1556-4029.14120.
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A44  Pediatric Posterior Rib Terminus Defects: An Investigation of a Potential Mimic of Traumatic Injury

Jason M. Wiersema, PhD*, Harris County Institute of Forensic Sciences, Houston, TX 77054; Miriam E. Soto Martinez, PhD, Harris County Institute
of Forensic Sciences, Houston, TX 77054; Deborrah C. Pinto, PhD, Harris County Institute of Forensic Sciences, Houston, TX 77054; Julie M.
Fleischman, PhD, Harris County Institute of Forensic Sciences, Houston, TX 77054; Dwayne A. Wolf, MD, PhD, Harris County Institute of Forensic
Sciences, Houston, TX 77054; Aubrie M. Sanchez, MS, MPH, Columbus, OH 43201

Learning Overview: After attending this presentation, attendees will be aware of rarely identified mimics of posterior rib head fractures that are
inconsistent with inflicted trauma.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that posterior rib head
fracture mimics are a fairly common finding and should be interpreted cautiously.

Posterior rib fractures are considered highly suspicious for abusive injury in infants due to the mechanism by which these injuries occur.t Numerous
studies demonstrate an association between posterior rib fractures and inflicted injury in infants. While this association is clear, recent casework at the
Harris County Institute of Forensic Sciences (HCIFS) requires that at least some posterior rib defects be considered in the context of growth and
development as well as the presence and/or absence of other injuries and/or risk factors. At the HCIFS, standard autopsy protocol includes an in situ
rib exam on all pediatric cases less than five years of age. In 55% (n=41) of the 75 cases examined since January of 2019, at least one subtle linear
defect was observed on the pleural surface of one or more ribs near their attachment to the vertebral column. Grossly, these defects have morphological
characteristics suggestive of advanced healing, such as bone formation along the endosteal portion of the fracture surface. Similar defects have been
previously described by Kemp as clefts that are “triangular-shaped defects in the primary spongiosa with the tip at the growth plate and the base at the
periosteum.”? Kemp notes that the clefts are filled with an “amorphous, granular, eosinophilic acellular material of uncertain origin,” which was
previously described by Dolinak and Matshes.>® The exact content of the material is unknown, but Kemp hypothesizes the material is a response to
inflammation and repair and contributes the clefts to microscopic fractures.? However, the characteristics of some of the pediatric cases at HCIFS
complicate the interpretation of these defects. The defects were observed in one fetus and in several infants less than one week of age, as well as in
infants with no other evidence of injury. Additionally, histological examination of these defects shows no cellular evidence of healing. As a result of
these complications, a closer examination of the context in which these posterior defects are observed is warranted.

Manner and cause of death had been classified for 19 of the 41 cases with posterior defects. Cause of death was unrelated to trauma for 16 of the 19
cases. Only one of the three cases with a trauma-related cause of death was suspicious for abusive injury (Manner-Undetermined, Cause—Blunt force
head trauma). Of the 41 cases with posterior defects, 16 had no other skeletal injuries, including rib fractures, and 17 had rib fractures but no other
skeletal injuries. The fracture pattern in most of the cases with rib fractures was consistent with cardiopulmonary resuscitation.

A logistic regression model was used to examine the relationship between the presence of posterior defects as the dependent variable and age, sex,
ethnicity, the presence of other rib fractures, and the presence of other skeletal injuries (excluding rib fractures) as the independent variables. The
presence of posterior rib defects was significantly related to sex (p<.001). The odds that females had posterior defects was 7.04 greater than males
(OR=7.04, 95% CI [2.27, 21.83]). Age may also have a significant effect on the presence of posterior rib defects (p=.058). The odds of observing
posterior defects in older children were lower than in younger infants (OR=0.96, 95% CI [0.92, 1.00]). Age is statistically significant when entered as
the only independent variable in the model (p=.047). Neither ethnicity, the presence of other rib fractures, nor the presence of skeletal injuries had a
significant relationship with the presence of posterior defects (p>.05). These relationships are inconsistent with the general trends observed among the
infants autopsied at HCIFS that die of abusive trauma or traumatic injury. The odds of traumatic death (OR=1.08, 95% CI [1.06, 1.10]) and abusive
injury (OR=1.06, 95% CI [1.03, 1.08]) increases as age increases. Sex had no significant relationship with causes of death related to trauma or abusive
injury (p>.05).

Reference(s):

L Kleinman, Paul K. Bony Thoracic Trauma. In Diagnostic Imaging of Child Abuse, edited by Paul K. Kleinman, 110-48. St. Louis: Mosby, 1998.

2 Kemp, Walter Loren. Microscopic Examination of Rib Heads: A Useful Adjunct in the Investigation of Infant Deaths. PhD diss., University of
Montana, 2014.

3 Dolinak, David, and Evan Matshes. Child Abuse. In Forensic Pathology: Principles and Practice, edited by David Dolinak, Evan Matshes, and
Emma Lew, 369-411. Amsterdam: Elsevier Academic Press, 2005.
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A45  Evaluating Bone Fracture Healing and Variability Across Forensic Samples Using an Anabolic/Catabolic
Model of Bone Repair

Donna C. Boyd, PhD*, Radford University, Radford, VA 24142

Learning Overview: The goal of this presentation is to evaluate bone fracture healing and the staging systems that are currently used to estimate its
progression and timing in a forensic context. Microscopic and macroscopic comparisons of healing fractures across a diverse forensic sample are used
to document variability in timing and character of bone healing and illustrate the inadequacies and errors associated with current models and stages of
bone repair. This variability is interpreted through a newer anabolic and catabolic model of bone reparation focused on the coordinated and integrated
processes of osteoblastic-driven bone deposition and osteoclastic bone resorption.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that research will
enhance forensic scientists’ recognition of variability in the bone fracture healing process and its outcomes as well as the factors that produce and
influence this variability. Researchers and clinicians will recognize the importance of comorbidities for fracture repair and will be cautioned that
reliance on the application of previously published fracture healing estimates across forensic samples of varying age, fracture and trauma type, and
health may lead to inaccurate Time Since Injury (TSI) estimates and interpretations. Use of a more fluid and integrated anabolic/catabolic model for
bone repair will aid in more accurate interpretation of bone fracture healing (including TSI).

Interpretation of non-accidental pediatric and elderly injury is often dependent upon evaluation of previous bone injury and its repair process and
timing. Currently, a myriad of bone healing schemata have been published, with little understanding of their application to forensic contexts. It is
hypothesized that demographic (e.g., age), biomechanical (e.g., fracture and trauma type and location), and biomedical (e.g., treatment of fracture,
presence of comorbidities) factors significantly influence bone healing and complicate and, in some cases, nullify the use of these published staging
systems in a forensic context.

This hypothesis will be tested by first conducting a comparative review of published bone fracture healing staging systems across major forensic and
biomedical sources dating back to 1980. Bone healing schemata variables compared include stages of healing presented, terminology used to describe
the healing process, timetable for repair, and modality on which the stages are based. These staging systems are then applied to the forensic fracture
sample from the Radford University Forensic Science Institute’s Antemortem Fracture Archive (RUFSI AFA). This forensic sample consists of more
than 250 antemortem fractures of varying type and location derived from (currently) 20 individuals ranging in age from 27 days to 92 years. It contains
more than 3,000 macroscopic and microscopic (5x—200x magnification, using a 3D digital light microscope) images illustrating all phases of the bone
repair process.

Results of this study identify at least 13 distinct bone healing staging systems that have been applied to fracture healing interpretations in a forensic
context. All, to some degree, derive from radiographic assessments of bone repair across a variety of cohort demographics, fracture and trauma types,
and locations from non-forensic contexts. They employ inconsistent fracture repair terminology, rely on rigid classification systems, and consider the
bone healing process a categorical progression through finite and mutually exclusive stages. Application of these published staging systems to the
diverse forensic fracture sample produces widely varying and unclear characterizations of bone healing and its timing and interpretation.

Utilization of a microscopic anatomy-based anabolic/catabolic model based on a continuous, coordinated, and integrated process of bone repair
involving osteoblastically driven bone deposition and osteoclastic bone resorption produces more accurate results. This model has the advantage of
flexible adaptation to documented variability in demographic, biomedical, and biomechanical influences on bone fracture.*?

It is concluded that both macroscopic and microscopic evaluations of bone healing are important components of fracture interpretation, as is the
recognition of the significant effect of many variables upon the fracture repair process and timing. This research illustrates well the 2020 AAFS theme
of Crossing Borders—the use of an interdisciplinary (in this case, biomedical and anthropological) approach and model produces more accurate
interpretations of bone fracture healing, its outcome, and interpretation in a forensic context.

Reference(s):

1 Boyd, D.C. The Anatomical Basis for Fracture Repair: Recognition of the Healing Continuum and its Forensic Applications to Investigations of
Pediatric and Elderly Abuse. In Forensic Anthropology: Theoretical Framework and Scientific Basis, edited by C.C. Boyd and D.C. Boyd, 151-
200. Chichester, West Sussex, UK: Wiley, 2018.

2 Little, D.G., Ramachandran, M., Schindler, A. The Anabolic and Catabolic Responses in Bone Repair. Journal of Bone and Joint Surgery
(2007):89-B(4):425-33.
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A46  Anthropological Examinations of the Hyoid, Thyroid Cartilage, and Cricoid Cartilage in Cases of Possible
Neck Trauma

Christopher W. Rainwater, MS*, Office of the Chief Medical Examiner, New York, NY 10016; Esther H. Choo, BA, New York University, New York,
NY 10003

Learning Overview: After attending this presentation, attendees will understand the importance of evaluating the thyroid and cricoid cartilages, in
addition to the hyoid, in cases of possible neck trauma. Attendees will also understand fracture patterns with respect to hyoid fusion, manner of death,
and presence of soft tissue hemorrhage.

Impact on the Forensic Science Community: This retrospective study will impact the forensic community by providing data for fracture patterns of
the hyoid, thyroid cartilage, and cricoid cartilage analyzed by anthropologists in a medical examiner’s office.

The hyoid, thyroid cartilage, and cricoid cartilage are critical in trauma interpretation as fractures of the neck organ block are commonly associated
with strangulation, hanging, and direct blunt force. Between 2001 and 2019, the Forensic Anthropology Unit (FAU) at the New York City Office of
Chief Medical Examiner evaluated 187 cases in which some combination of the hyoid (n=168), thyroid cartilage (n=89), and/or cricoid cartilage (n=77)
were submitted for an anthropological analysis of possible peri-mortem blunt force trauma. The FAU protocol for examining these cases begins by
radiographing the removed specimen in standard Antero Posterior (AP) and AP oblique views to visualize the horns. The hyoid is then macerated. The
larynx is fixed in a 10% buffered formalin solution and the soft tissues and perichondrium are carefully removed with small forceps and a scalpel, often
under magnification. Data from these cases has been retrospectively compiled to assess interactions between fracture location and frequency, age,
fusion of the hyoid, manner of death, and presence of hemorrhage in the surrounding soft tissues.

Of the 168 hyoids evaluated, there were 66 fractures noted on 54 cases. Fractures of the hyoid were categorized by location: right greater horn midpoint
(n=28), left greater horn midpoint (n=25), right joint (n=6), left joint (n=7), right posterior end (n=0), left posterior end (n=0), and the body (n=0).
Greater horn midpoints were the most frequently fractured location (80.3%) with no side preference. Similarly, no relationship could be determined
between the fracture location and the state of fusion. The fracture side frequency was similar in cases where the greater horns were bilaterally fused
and bilaterally unfused. When cases were unilaterally fused, there were six fractures on the fused side and four fractures on the unfused side. The
average age of individuals with bilateral unfused greater horns was younger than those with the left, right, and both greater horns fused (39.7 versus
50.5, 54.8, and 55.2, respectively) but a significant relationship between age and state of fusion was not identified. The youngest individual exhibiting
bilateral fusion was 27, while the oldest individual exhibiting bilateral non-fusion was 88.

Of the 89 thyroid cartilages evaluated, there were 82 fractures noted on 49 cases. Fractures of the thyroid cartilage were categorized by location: right
superior horn (n=16), left superior horn (n=19), right base of the superior horn (n=11), left base of the superior horn (n=12), right inferior horn (n=3),
left inferior horn (n=4), right lamina (n=5), left lamina (n=8), and midline lamina (n=4). Of the 77 cricoid cartilages evaluated, there were 29 fractures
noted on 20 cases. Fractures of the cricoid cartilage were categorized by location: midline (n=3), right of midline (n=8), left of midline (n=13), right
lateral (n=3), and left lateral (n=2). No fracture side preference was noted on either the thyroid or cricoid cartilages.

In total, at least one fracture was observed on nearly half of the cases (91/187). Trauma was noted on about half of the cases certified as homicide or
undetermined. Suicides were more likely to exhibit trauma whereas accidents and natural deaths were less likely. The presence of hemorrhage in the
surrounding soft tissues was slightly more likely to be associated with an underlying fracture (66 with trauma, 45 atraumatic). A lack of hemorrhage
was about twice as likely to be associated with no trauma (36 atraumatic, 17 with trauma).

Of the 187 cases, 70 had both hyoid and laryngeal cartilages present for evaluation. Twenty-seven exhibited no trauma while 14 exhibited fractures of
both bone and cartilage. Only 1 hyoid exhibited trauma when the cartilages were atraumatic, yet 28 cartilages exhibited trauma when the hyoid was
atraumatic. This contrast underscores the importance of examining the thyroid and cricoid cartilage, in addition to the hyoid, in cases of possible neck
trauma.

Hyoid, Larynx, Blunt Force Trauma
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A47  Utilizing Reflectance Transformation Imaging (RTI) for the Analysis of Saw Mark Characteristics on Kerf
Walls: A Comparison of Traditional Imaging Techniques.

Britny Martlin*, Victoria, BC V8W 1E4, CANADA; Carolyn Rando, PhD, University College London, London WC1H OPY, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will have some understanding of what RTI is and how to use it for analysis, the
traditional approaches to saw mark analysis, and the potential advantages involved in including RTI in the forensic analysis of saw marks on bone.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by suggesting that RTI, an inexpensive
and easy-to-use technology, can be used for saw mark analysis with comparable results to traditional methods and, in some cases, can more greatly
enhance characteristics. RTI has the potential to expand upon traditional analytical techniques and ameliorate imaging difficulties associated with more
traditional methods.

RTI is a computational photography technique which documents and enhances the 3D reflectance properties of the surface of an object. A series of
digital photographs are taken from a stationary camera position while the light source is projected from a different known angle. These photographic
sequences are synthesized as Polynomial Texture Maps (PTM) and can be viewed much like a conventional 2D photographic image. However, unlike
a traditional photograph, a PTM is derived from the 3D properties of the object, allowing the user to virtually re-light the object using the designated
viewing software. Although RTI has primarily been used in the cultural heritage sector, it has recently transitioned into the realm of forensic science.

Traditionally, saw mark analysis is completed macroscopically, with low-powered stereomicroscopes or, more recently, Scanning Electron
Microscopes (SEM). To assess the viability of using RTI for saw mark analysis, three different handsaws were used to fully section porcine radii,
resulting in 42 kerf walls. All kerf walls were examined with the three traditional methods, as well as with RTI, utilizing a saw mark analysis
methodology derived from Symes et al.!

The results demonstrate that RTI has a greater capacity for digital alteration and examination than the traditional methods, with statistical analysis
demonstrating comparable accuracy. Macroscopic examination resulted in a lack of identification of kerf wall characteristics due to the lack of
magnification used for analysis. Characteristics were often obscured during microscopic analysis due to surface reflectivity, and characteristics were
also occasionally obstructed during SEM analysis due to the underlying bone morphology visible with SEM technology. Due to the digital abilities of
RTI, neither surface reflectivity nor underlying bone morphology were a difficulty during analysis.

Although great care must be taken when obtaining the photographic sequences necessary for detailed RTI analysis, this study proves that RTI is
comparable in accuracy to both microscopic and SEM analysis. RTI is also relatively inexpensive, expeditious, and easy to use in comparison to the
more traditional methods. By creating a digital record that can be utilized by experts and untrained observers alike, RTI allows for an accurate,
interactive digital record to be shared with other experts or retained for future examination, comparison, and teaching. With further research, RTI has
the potential to assist in a holistic order of forensic saw mark analysis, documentation, and presentation.

Reference(s):
L Symes, S.A., E.A. Chapman, C.W. Rainwater, L. Cabo, and S.M.T. Myster. 2010. Knife and Saw Toolmark Analysis in Bone, A Manual Designed
for the