


AMERICAN ACADEMY OF FORENSIC SCIENCES
410 North 21+ Street
Colorado Springs, CO 80904
Phone: (719) 636-1100
Fax: (719) 636-1993
Email: info@aafs.org
Website: www.aafs.org

PROCEEDINGS
of the American Academy of Forensic Sciences 71* Annual Scientific Meeting

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

Please note that some of the abstracts included in the Proceedings deal with topics, results, and/or conclusions
that are controversial. The publication of abstracts does not imply that the AAFS, its sections, or the individual
section program chairs/committee members have verified or agree with the studies, results, and/or conclusions of
each abstract. During the process of planning a scientific program, it is impossible to “peer-review” each abstract
and presentation to the degree that is accomplished during manuscript review. Abstracts and presentations are
accepted, in part, so they can be critiqued and reviewed by other scientists. Thus, a forum is created to discuss
controversial issues.

The views expressed in this publication are not those of the AAFS. The data and opinions appearing in the
published material were prepared by and are the responsibility of the contributor(s), not of the AAFS nor its
respective employees, employers, officers, and agents. The AAFS does not supply copies of meeting papers. Please
write directly to individual authors to obtain copies of specific papers. Presentation of some abstracts may have been
scheduled or canceled after the publication of this document.

English is the official language of the AAFS and its meetings; neither oral nor written translations will be
provided.

Copyright 2019 by the AAFS. Unless stated otherwise, non-commercial photocopying of editorial material
published in this periodical is permitted by the AAFS. Permission to reprint, publish, or otherwise reproduce such
material in any form other than photocopying must be obtained from the AAFS.

Articles from the AAFS Proceedings should be officially cited in the following format:

Fenton T.W., Kendell A.E., DeLand T.S., Haut R.C. Determination of Impact Direction Based on Fracture
Patterns in Human Long Bones. Proceedings of the American Academy of Forensic Sciences, 64th Annual
Scientific Meeting, Atlanta, GA. 2012. H72.



PROCEEDINGS

of the American Academy of Forensic Sciences February 2019
Volume XXV
Contents
SPECIAL SESSIONS .oeiieiviieeeiiiiieeeiiieeeeeieee e e erte e e e rteeeeerbeeeeesreeeeenneseeeeennnns 4
Breakfast SEMINArs ........c..eiiiiiiiiiiiiiiee e 6
Luncheon SEMINAT ...........coieeiiiiiiiiiiie e 14
EVENING SESSION ...vviiiiiiiiiieiiiiiee ettt e e e e e e e e e eaaee s 15
WOTKSNOPS .ot 16
Scientific Sessions
ANRIOPOIOZY ..o 45
CrimINAlISTICS ..veiveieiiiieeiiiie et e e aaee e 201
Digital & Multimedia SCIences .........ccceeevviieiiiiieeeiiiiee e 409
ENgIneering SCIENCES ........eeeeervreieiiiiiieeeiiiieeeeriieeeeeireeeeesnveeeenns 450
GENETAL ...eeiiiiii e 498
JUTISPIUAENCE ..ooiiiiiiiiieeiiiie et 626
OdOoNtOlOY ...vvviieeiiieeeee e 677
Pathology/Biology ......ccccviiiiiiiiiieieiiiee ettt 721
Psychiatry & Behavioral Science ..........ccccceevvviieeiiniiieeeeiiieenns . 919
Questioned DOCUMENLS ..........ccoeiiiiiiiiiiiiieiireeeeeeeeeee e . 963
TOXICOIOZY .evviiiieiiiiie et e e 997
Last WOrd SOCIELY ....ceeieeiiiieieiiieeeeiiee e 1083
Young Forensic Scientists Forum Posters ...........ccccoeevveeenennnnn. 1089
Financial Disclosure INdeX .........ccccoviiiiiiiiiiiniiiiiiceiiee e 1111
Key Word INAEX .....ooiiviiiiiiiiieeeee et 1138
Presenting Author INdeX .......ccccoevvviiiiiiiiiiiie e 1152



- Special Sessions — 2019

S1 Insane or Just Bad? The Anatomy of the Not Guilty by Reason of Insanity (NGRI) Defense

Karen B. Rosenbaum, MD*, New York, NY 10010; Jan Seaman Kelly, BA, Forensic Dynamics LLC, Las Vegas, NV 89147; Christopher R.
Thompson, MD¥*, Los Angeles, CA 90024; Daniel A. Martell, PhD*, Park Dietz & Associates, Newport Beach, CA 92663; Evan Van Leer
Greenberg, JD*, Van Leer & Greenberg Esqg, New York, NY 10038; Valerie Van Leer Greenberg, JD*, Van Leer & Greenberg, New York, NY 10038;
Jennifer Piel, MD*, Seattle, WA 98108; Stephanie Domitrovich, JD, PhD*, Sixth Judicial District of PA, Erie, PA 16501; Susan Hatters-
Friedman, MD*, University of Auckland, Auckland , NEW ZEALAND

Learning Overview: Attendees will have a greater understanding of what it means to establish a Not Guilty by Reason of Insanity (NGRI) defense,
the risks and benefits of the defense, and a greater appreciation for issues facing the mentally ill in the criminal justice system.

Impact on the Forensic Science Community: The NGRI defense is not widely understood. This presentation will impact the forensic science
community by helping to demystify the history and present state of the defense in the United States.

The theme for the 2019 American Academy of Forensic Sciences meeting is Diligence, Dedication, and Devotion. To illustrate this, the 2019
Interdisciplinary Symposium focuses on the diligence, dedication, and devotion that goes into presenting or opposing an NGRI defense. Recently, there
has been more attention paid to the problem of mentally ill patients being treated in the criminal justice system. The symptoms and impairments most
mentally ill defendants demonstrate do not make them an insanity defense. Even when the insanity defense is appropriately claimed, there is usually
still controversy around its use.

The insanity defense is often misunderstood by the public because of misinformation and inaccurate media portrayals of the defense. Even within the
court system, there is misunderstanding among judges, defense attorneys, and prosecutors as to what the defense means and when it is appropriate to
use it, or even why the defense exists at all. This symposium will explain the history of the defense and will illustrate many aspects of the defense from
the point of view of different court personnel and clinicians. Panelists will also discuss: criminal responsibility of juveniles, the role of
neuropsychological testing, jury instructions, and the jury’s perspective. Additionally, two experienced attorneys will provide their perspective on a
recent high-profile case in New York City that took five-and-a-half years of intense diligence, dedication, and devotion to prepare for and try. A sitting
judge (and member of the Jurisprudence Section) will speak on her experiences with this defense in Pennsylvania, and a forensic psychiatrist who has
lived and practiced in New Zealand for many years will provide an international perspective via her experiences with the insanity defense and with
high-profile cases.

A question-and-answer discussion session at the end of the symposium will enable attendees to ask questions of the speakers and for the speakers to
ask questions of their fellow panelists. The goal of the panel is to educate attendees on questions of criminal responsibility as they pertain to people
with significant mental health issues at the time of the crime and on juveniles, primarily by focusing on the NGRI defense.

NGRI, Insanity, Psychiatry
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- Special Sessions — 2019

S2 Transitioning Young Scientists: Diligence, Dedication, and Devotion for Research and Casework
Applications

Alex J. Krotulski, MS*, Center for Forensic Science Research & Education, Willow Grove, PA 19090; Cheryl D. Hunter*, Florissant, CO 80816;
Marcus Rogers, PhD*, Purdue University, West Lafayette, IN 47907; Nikolas P. Lemos, PhD*, University of California - San Francisco, Palm Springs,
CA 92262-6451; Thomas W. Vastrick, BS*, Apopka, FL 32703; M. Eric Benbow, PhD*, Michigan State University, East Lansing, Ml 48824; Sabra R.
Botch-Jones, MS*, Boston University School of Medicine, Boston, MA 02118; Rudy J. Castellani, MD*, Center for Neuropathology, Kalamazoo, Ml
49008; Jose R. Almirall, PhD*, Florida International University, Miami, FL 33199; Pamela M. Hofsass, MS*, Contra Costa County Sheriff's Crime
Laboratory, Martinez, CA 94553; Rebecca A. Waxse, JD*, Hugo, MN 55038; Christine Funk, JD*, Saint Paul, MN 55102; Dean Michael
De Crisce, MD*, Special Treatment Unit, Avenel, NJ 07001; Jennifer C. Love, PhD*, Office of the Chief Medical Examiner, Washington, DC 20024;
Amanda R. Hale, MA*, North Carolina State University, Raleigh, NC 27695; Elisa N. Shoff, BS*, Miami-Dade Medical Examiner Department, Miami,
FL 33136

Learning Overview: After attending this presentation, young scientists will better understand the disciplines contained within the American Academy
of Forensic Sciences (AAFS) and the work being conducted within the respective fields. In addition, attendees will also learn about the importance of
standards, innovative research, and casework in the continued development of each discipline.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by educating young and aspiring scientists
on the steps needed to succeed as a forensic scientist and the importance of the work contained in each discipline. By providing attendees with a wide
range of discussions from senior members of the forensic science community, young scientists will feel better prepared to succeed in the field of their
choice and will be given the opportunity to interact with these speakers.

This year, the Young Forensic Scientists Forum (YFSF) has been restructured to better fit the needs and interests of both young scientists and the
AAFS. This day-long session will focus on the foundation of forensic science and the commitment and qualities needed to pursue a successful career
in most of the AAFS disciplines. Senior forensic scientists, spanning all disciplines, including current section chairs, will speak on topics including
ethics, case studies, academia, novel research, etc. By compiling this unique group of presentations, we hope to appeal to young scientists from all
disciplines, helping them integrate into the AAFS and beginning their journeys in forensic science.

At the end of the session, a résumé review will be conducted, giving young professionals an opportunity to seek one-on-one advice from prominent
forensic scientists and representatives in their potential discipline. This time will also serve as a chance to network with peers and professionals and to
develop valuable connections.

The YFSF will continue the tradition of hosting poster presentations as well as joining to the AAFS Bring Your Own Slides (BYOS) Session. The
YFSF poster presentations will be held in conjunction with the AAFS Academy-wide poster sessions on Wednesday, Thursday, and Friday, with a
special designation in the program for those presenting on behalf of the YFSF. The BYOS Session will be integrated into the AAFS BYOS session and
will focus on interesting and unique case reports from young scientists in the field. If you are interested in presenting during the BYQOS Session, please
complete the abstract form in your welcome bag.

The YFSF looks forward to hosting all of these exciting and educational upcoming events. Our mission is to encourage education and career
development through presentations and mentoring of young scientists, including young professionals and graduate or undergraduate students.

YFSF, Education, Forensic Science
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- Breakfast Seminars — 2019

BS1 Checklists and the Scientific Method: Will Lawyers Make You Eat Your Checklists for Breakfast?

Terry-Dawn Hewitt, LLM*, McKenna Hewitt, Denver, CO 80224-3703; Wayne J. McKenna, LLB*, McKenna Hewitt, Denver, CO 80224-3703

Learning Overview: The purpose of this presentation is to stimulate thought and discussion among attendees regarding the pros and cons for experts
who use checklists to help them investigate or analyze issues that may end up in court. Attendees will learn some of the benefits for those experts who
develop and utilize checklists as an aid in applying the scientific method. Attendees will also be introduced to some of the risks to such experts from
litigation strategies employed by opposing lawyers who obtain access to these checklists. The goal of this presentation is to demonstrate that the benefits
of checklists can outweigh the litigation risks, which can be managed and may be inevitable in any event.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by helping those involved with civil or
criminal cases develop strategies for dealing with checklists in litigation. This presentation will explain why checklist development by trial lawyers for
the purposes of challenging forensic experts is to be expected, using examples from the field of fire investigation. With this perspective, members of
each forensic science discipline are encouraged to take steps to begin the thoughtful development and implementation of checklists based on their
industry standards. In this way, they can begin obtaining the benefits of such checklists while implementing measures to manage the litigation risks.

In 2017, the National Commission on Forensic Science approved a Views Document on the Use of Checklists in Forensic Science,
indicating that it may be beneficial to pursue scientific studies into the employment of checklists in various aspects of the forensic
sciences.! This Views Document cites examples of the successful use of checklists in the fields of health care and aviation, as well as in the criminal
justice system. It also hypothesizes that when properly structured, checklists can help certain forensic science applications by reducing human error
and bias.

While scientific studies into the pros and cons of using checklists, as suggested by the Commission, is a sound idea, the issue is whether forensic experts
should hold off on utilizing checklists until the results of any such scientific studies are published. Alternatively, should experts consider immediately
exploring the use of checklists in their fields? Why? Because lawyers are already developing and using checklists to challenge expert witnesses.

The proliferation of consensus standards in each forensic discipline empowers lawyers (with the help of their own experts) to develop checklists based
on these standards. These checklists can simplify an attorney’s task of finding shortcomings or bias in the work of forensic experts. Therefore, in this
world of increasing standardization, the strategy of failing or refusing to develop or use checklists will not shield experts from having competent counsel
use checklists to test the expert on his or her competence, thoroughness, or bias. By being checklist-adverse, experts cannot avoid the associated
litigation risks. Conversely, they may fail to experience the benefits checklists have to offer.? It is reasonable for experts to be concerned about
criticisms that can arise from items on checklists that go unaddressed. However, by planning ahead, strategies are available to counter such attacks.

Experts and their organizations will ultimately have to conduct their own risk-benefit analysis concerning the use of checklists.
Assuming checklist development by trial attorneys is likely, members of each forensic science discipline can get ahead of this curve in three ways.
First, by taking steps to determine the best application of checklists in their practice. Next, by getting plans underway to develop and revise checklists
based on industry standards. Finally, by being mindful of litigation challenges that can be based on these checklists, with a view to including risk
management training and tactics for the experts who use them.

Reference(s):

L National Commission on Forensic Science, Views of the Commission: Use of Checklists in Forensic Science. (Adopted January 9,
2017). Washington, DC. Accessed July 30, 2017. https://www.justice.gov/archives/ncfs/page/file/934416/ download.

2 Gawande, Atul. The Checklist Manifesto: How to Get Things Right. Reprint edition. New York, NY: Picador, 2011.

Checklists, Fire Investigation, Consensus Standards
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- Breakfast Seminars — 2019

BS2  Voir Dire: Is It Science or Is It “Bull”—A Historical Perspective and Comparative Analysis

Patricia C. Smith, MSL*, Harris County District Attorney's Office, Houston, TX 77002; Patricia Williams, MS, RN, Cambria, CA 93428; Randall
Smith, BSME, Houston, TX 77014

Learning Overview: The goal of this presentation is to encourage dialogue about voir dire and explore what the scientific and legal communities can do to
ensure an unbiased jury.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by reaching out to other disciplines to promote
jury service and encourage a fair and unbiased jury selection process through enhanced research, testing, and analysis.

The United States Constitution ensures the Defendant’s right to a jury trial.! The United States is not the only country that engages in jury trials. Great Britain,
Canada, Australia, New Zealand, and more than 40 other nations employ juries of citizens drawn from the general population who decide cases collectively.?
Scotland, Wales, and Canada do not give the right to a jury trial to defendants “ ... for which the prescribed punishment is less than two years in prison.”
However, 80% of all jury trials worldwide take place in the United States.*

The makeup of a jury consists of judges, lay persons, citizens, and experts who are utilized in other countries depending on the type of case. Historically, jury
selection excludes those new to the area, non-citizens, advanced age, poor health, non-voters, and non-drivers. Some people are automatically excluded (for
example, Los Angeles County Probation Officers are excused from jury duty once they fill out the jury service survey).

Ajury’srole is to render a verdict based on evidence presented at trial. Each juror is to be convinced beyond a reasonable doubt. There is no clear definition of
reasonable doubt and many legal scholars, judges, and lawyers will not attempt to define it. Some legal reactionaries have opined a preponderance of the
evidence is loosely quantifiable as >=51% and beyond a reasonable doubt is more than that. How can a jury render a fair and unbiased verdict if the jury does
not know or understand what reasonable doubt is? Unfortunately, it is this lack of clarity that opens the door for jury misconduct.

Our Founding Fathers were very familiar “with a long list of government abuses from English history ... [where] the English monarchy had punished, tortured, and
killed people for everything from disagreeing with the king to choosing a different religious path from the government’s approved denomination;” a practice that
resulted in an increase in jury misconduct.®> Therefore, is society picking “the lesser of two evils” and should reaching a jury verdict supersede the attempt of perfect
justice?

The Lord Mansfield’s Rule from 1785 said “jurors could not impeach their verdict by making affidavits or otherwise testifying as to their own misconduct.”®
However, in 1905, the Texas Legislature allowed jurors to testify during hearings based on jury misconduct.® The idea of cases overturned because of a juror’s
misconduct or allegations of a juror’s misconduct has fueled the notion for the need of criminal justice reform. More specifically, the need for scientific jury
selection or professional jurors may be the solution.

People have become desensitized after decades of watching television shows and movies about police officers, lawyers, and doctors. Is it possible professional
jurors already exist? Are jurors more likely created by clever lawyers and jury consultants? The following is a list of cases, television shows, and movies
involving jury misconduct that may have been prevented through carefully constructed voir dire or utilizing trial consultants differently:

¢ People of the State of California v. Orenthal James Simpson
e Lloyd v. Johnson & Johnson
e State of Florida v. John Goodman
*  Television show, Bull
*  Motion picture, Runaway Jury’
e 12 Angry Men (1957) and Twelve Angry Men (1997)8°
Ultimately, there has been little to no research determining that utilizing consultants directly or indirectly adversely affected voir dire or jury verdicts.

Reference(s):

- 6" Amendment, United States Constitution.

Hans, Valerie P. “Jury Systems Around the World” (2008). Cornell Law Faculty Publications. Paper 305. http://scholarship.law.cornell.edu/facpub.305.
Hans, Valerie P. & Neil Vidmar. Judging the Jury. Perseus Publishing: Cambridge, Massachusetts 1986.

Hans, Valerie P. & Neil Vidmar. Judging the Jury. Perseus Publishing: Cambridge, Massachusetts 1986.

No author. Revolutionary War and Beyond. Only, no date. Retrieved July 24, 2018. www.revolutionary-war-and-beyond.com.

Keltner, David. Jury Misconduct in Texas: Trying the Trier of Fact, 34 SW L.J.1131 (1980). Retrieved July 24, 2018.
https://scholar.smu.edu/smulr/vol34/iss5/3.

7 Runaway Jury, directed by Gary Fleder (2003, New Orleans, LA: Regency Enterrpises, 2009). DVD.

8 12 Angry Men (1957), directed by Sidney Lunnet (1957, Los Angeles, CA: United Artist, 2011). DVD.

% Twelve Angry Men (1997), directed by Williams Friedkin (1997, Los Angeles, CA: MGM, 1997). DVD.

Voir Dire, Jury, Trial Consultants
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- Breakfast Seminars — 2019

BS3  Digging Up New Standards for Forensics: An Update on Standards Developing Organizations (SDOs)

Karen Reczek, MLS*, NIST, Gaithersburg, MD 20899; Teresa Ambrosius, BA*, AAFS, Colorado Springs, CO 80904

Learning Overview: After attending this presentation, attendees will: (1) learn about advances in forensic science
standardization from United States SDOs, including the American Academy of Forensic Sciences (AAFS) Standards Board (ASB), the American
Society for Testing and Materials (ASTM) International, the American Dental Association (ADA), and the National Fire Protection Association
(NFPA), as well as international SDOs, and the International Organization for Standardization (1SO); and (2) gain a better understanding of the progress
of documentary standards development in different forensic science disciplines, including fire debris, seized drugs, biology, digital evidence,
toxicology, friction ridge, blood stain pattern, footwear/tire tread, crime scene investigation, and fire investigation.

Impact on the Forensic Science Community: The 2009 Report by the National Research Council stressed the lack of standardization in forensics.?
The advent of the Organization of Scientific Area Committees (OSAC) for Forensic Science, administered by the National Institute of Standards and
Technology (NIST), has resulted in several years of concerted efforts to identify gaps in standards and begin their development using the voluntary
consensus standards development process. This presentation will impact the forensic science community by making attendees aware of new and
emerging standards in the various forensic science disciplines and how they can be implemented in the laboratory setting, incorporated into quality
manuals, be applied to accreditation scopes, and can assist in further validation of methods and techniques in interlaboratory studies.

Presenters will provide an overview of recent progress in standards development in forensic sciences. In 2009, the National Research Council Report,
Strengthening Forensic Science in the United States: A Path Forward, summarized the challenges facing the forensic science community and the lack
of mandatory standardization, certification, and accreditation.* From this Report, the Department of Justice (DOJ) and the NIST signed a Memorandum
of Understanding which led to the establishment of the National Commission on Forensic Science (NCFS) and the NIST-administered OSAC for
Forensic Science. OSAC has been working closely with various SDOs to bring the community together to define requirements for the various disciplines
for submission to the standards development process.

Learn about standards currently in development, soon to be published, and new standards from various SDOs, such as ASB, ASTM International, 1SO,
the American Dental Association (ADA), and the NFPA. New standards include interdisciplinary topics, such as evidence collection and labeling,
interpretation, and reporting, and discipline-specific standards in the areas of criminalistics, digital evidence, facial recognition, photography, biology,
pattern evidence, and crime and fire scene investigation, with a focus on terminology, measurement uncertainty, measurement traceability, quality
assurance, and calibration.

Reference(s):
L National Academy of Sciences, National Research Council, Strengthening Forensic Science in the United States: A Path Forward,
Washington, DC: National Academies Press, 2009.

Standards, Development, Standards Developing Organizations
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- Breakfast Seminars — 2019

BS4  The American Academy of Forensic Sciences (AAFS) Responds to the Opioid Crisis

Barry K. Logan, PhD*, NMS Labs/CFSRE, Willow Grove, PA 19090; Agnes D. Winokur, MS*, DEA/Southeast Laboratory, Miami, FL 33182; Victor
W. Weedn, MD, JD*, George Washington University, Washington, DC 20007; Michael F. Rieders, PhD*, NMS Labs, Willow Grove, PA 19090; Bruce
A. Goldberger, PhD*, University of Florida College of Medicine, Gainesville, FL 32608

Learning Overview: After attending this presentation, attendees will be able to describe how the AAFS responded to the impact of the ongoing opioid
crisis on the forensic sciences by creating a presidential committee to align the efforts of the AAFS sections impacted by the workload, resulting in the
increase in forensic examinations related to the investigation of opioid-related crimes and fatalities.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating a key role for the AAFS
in coordinating the community’s response to external events that impact the profession. Specifically, this presentation will demonstrate that AAFS
members and the organization have played a role in developing and implementing strategies designed to counter the effects of the opioid crisis on the
practice of forensic science.

The AAFS Ad Hoc Committee on Synthetic Opioids was established in 2017 in an effort to evaluate the multidisciplinary effects of the opioid crisis
on the forensic sciences. The members of the committee represent the most impacted disciplines and their unique perspectives are used to increase
awareness and better our understanding of the opioid crisis in the fields of criminalistics, forensic pathology, toxicology, and pharmacology.

In the past year, synthetic opioid-related non-fatal and fatal overdoses have continued to increase, specifically those associated with fentanyl analogs.
This fentanyl threat is multi-faceted and requires the collaborative efforts of various forensic disciplines, including chemistry, pathology, and
toxicology. In a collective effort, the AAFS Ad Hoc Committee on Synthetic Opioids has created four subcommittees to gather diverse resources and
focus them in a coordinated and targeted approach. Experts will provide an update on the four subcommittees as well as share their experiences and
perspectives. The subcommittees are: (1) the Advocacy Subcommittee which tracks congressional legislation and budget proposals that would influence
the forensic sciences related to the opioid crisis; (2) the Information-Sharing Subcommittee which acts as a clearinghouse for the activities of various
allied professional organizations, including the Association of Public Health Laboratories (APHL), the American Industrial Hygiene Association
(AIHA), the Centers for Disease Control and Prevention (CDC), the Consortium of Forensic Science Organizations (CFSO), the American Association
of Crime Lab Directors (ASCLD), and others; (3) the AAFS-Scientific Working Group for the Analysis of Seized Drugs (SWGDRUG) Resource
Landing Page Subcommittee which works to identify and list valuable resources that can be linked to the AAFS-SWGDRUG Landing Page and used
by the forensic community in their efforts to combat the opioid epidemic in the United States; and (4) the American Society for Testing and Materials
(ASTM) Standard Practice Subcommittee which has identified a need for standards that would help forensic practitioners (federal, state, local, and
private) overcome the analytical challenges associated with the detection, identification, and reporting of novel and emerging opioids. The group seeks
to work with ASTM and other organizations in creating standards that provide guidelines for the analysis of opioids, as well as a standard for naming
these novel and emerging substances.

This breakfast session will highlight the activities of the AAFS Ad Hoc Committee on Synthetic Opiods with a focus on sharing
identified resources, solutions, and best practices with the AAFS membership.

Synthetic Opioids, Fentanyl Analogs, Legislation
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BS5 Dining With DNA: Extracting Usable Profiles From Burned Bone

Katelyn L. Bolhofner, PhD, Texas Tech University, Lubbock, TX 79410; Matthew V. Emery, PhD, Arizona State University, Tempe, AZ 85281; Jane
E. Buikstra, PhD, Arizona State University, Tempe, AZ 85287-2402; Laura C. Fulginiti, PhD, Forensic Science Center, Phoenix, AZ 85007; Anne
Stone, PhD*, ASU School of Human Evolution & Social Change, Tempe, AZ 85287-2402

Learning Overview: The major goal of this presentation is to offer best-practice procedures for the recovery of samples from burned skeletal remains
for the purpose of recovering DNA for identification purposes.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a predictive model for
determining which samples from incinerated skeletal remains are likely to produce the best results for Short Tandem Repeat (STR) testing (expanded
Combined DNA Index System (CODIS) loci with miniSTRs), for mitochondrial Genome (mtGenome) sequencing, and for genome-wide Single
Nucleotide Polymorphism (SNP) analysis given the extent of charring and other visible signs reflecting the level of burning.

Individuals who die before or during a fire often are quite difficult to identify due to the obliteration of typical characteristics useful for scientific
identification. While DNA analyses have become central to forensic science, with applications ranging from unidentified decedents to trace evidence,
burned bone analysis remains elusive. Extracting DNA from these samples presents a special challenge to medicolegal investigations. Fire and heat
cause major alterations in soft tissue and bone, with cremation or near cremation producing unusable samples for DNA profiling. Or so it was previously
thought! New methods for ancient DNA extraction, DNA library construction, and targeted enrichment developed during the last two to five years have
great promise for such forensic applications. In ancient contexts, these methods have been applied to: (1) conserve (and effectively immortalize) DNA
from small and/or degraded samples, enabling multiple analyses without exhausting the sample and allowing additional analyses to be performed in
the future; and (2) target a large genome region or number of SNPs (such as the complete mtGenome or genome-wide SNPs) for subsequent Next
Generation Sequencing (NGS). This seminar will highlight the utility of applying this methodology to modern forensic samples with the express intent
of increasing scientific identifications.

Over a period of two years, this study obtained and documented 80 samples from 27 fire death and cremation cases. Samples were chosen with the goal
of obtaining statistically significant results from different skeletal tissues showing different levels of burning. From these, DNA was successfully extracted
from 68 samples (including blanks) using two different DNA extraction protocols: one currently used to obtain DNA from ancient remains and another
used in forensic DNA analysis. This presentation will report the success of this sampling strategy, noting the degree to which visible markers upon
thermally or otherwise altered human remains (here, bones and teeth) can be used to predict DNA preservation, and thus inform project design for sample
selection. This presentation will discuss this process, offering the first evidence for optimal extraction practices for burned skeletal remains recovered
from fire-related forensic contexts.

Using modern forensic cases to illustrate, this seminar will offer evidence-based best practice procedures for the analysis of human remains with burned
DNA, answering the call of the National Research Council of the National Academies 2009 Report, Strengthening Forensic Science in the United
States: A Path Forward, to develop reliable and accurate scientific methods. Further, this presentation will encourage collaborations between academic
institutions and medical examiner/coroner offices nationally and internationally.

Degraded DNA, Burned/Cremated Bone, DNA Profiling
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BS6  Undetermined: The Devil Is in the Details

James J.C.U. Downs, MD*, forensX, LLC, Savannah, GA 31406; Andrew M. Baker, MD, Hennepin County ME, Minneapolis, MN 55415

Learning Overview: The goal of this presentation is to familiarize attendees with the necessity of considering medical history and scene investigation
in determining cause and manner of death and/or in evaluating injuries. After attending this presentation, attendees will understand that better
investigation can provide additional answers, but that not all cases are solvable.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by suggesting ways to improve forensic
pathology analysis of case materials while recognizing that sometimes not all answers are forthcoming.

The art and science of determining cause and manner of death is a challenge for the forensic pathologist—both the novice and veteran practitioner. The
five established universal manners of death include “undetermined” to reflect that an answer is not always possible to a reasonable degree of certainty.
As many as five percent of all medical examiner cases are eventually classified as “undetermined.” Some embrace the diagnosis, arguing that “you
can’t be wrong with undetermined.” In such situations, resistance and frustration are common, since interested parties may feel that the physician “took
the easy way out” by not having an opinion. This may be, in part, due to misunderstanding what message is being conveyed by the term. Confusion
may be further compounded when the cause of death is also not readily apparent.

The designation “undetermined” applies not only as a cause and manner of death but can also apply when determining how events
happened when such questions arise. In medically evaluating death and/or injury, context can be critical. The circumstances are provided by the history
and the scene. Failure to find and/or fully appreciate the answer(s) tends to occur in situations in which there is insufficient investigation, scene
evaluation, or medical history. Thus, for a medical examiner, scrutinizing the crime scene (not necessarily just a death scene) can be invaluable.

Frustrations may arise because two equally qualified physicians may interpret case materials differently and arrive at different
answers. In reality, different experiences and different qualifications may lead to alternate theories, diagnoses, and opinions. Forensic
pathology is medicine at its core—not a bench science. Medicine applies various scientific disciplines to a biological context—the
individual patient. A sine qua non of competent medical practice is history, which provides essential context for case evaluation,
culminating in a medical diagnosis. The essential nature of medical history is illustrated by the need for federal legislation (the Health Insurance
Portability and Accountability Act) attempting to ensure medical records access and privacy.! Medically, the scene circumstances and injury are a big
part of that history.

Through a review of several cases involving deceased and living patients, this presentation will point out where a different and/or a
second point of view has proved valuable in clarifying how injuries occurred, allowing a more definitive conclusion regarding the
nature of sudden unexpected death and/or injury. Practitioners should accept that there will always be cases that end up as undetermined despite lengthy
investigation and innumerable analyses, but the “there’s no harm in calling it undetermined” philosophy should be rejected as the fallacy that it is.

Reference(s):
L https://en.wikipedia.org/wiki/Health Insurance Portability and Accountability Act.

Undetermined, Medical History, Scene Investigation
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BS7  The Exoneration of Kirstin Blaise Lobato

Vanessa Potkin, JD*, Innocence Project, New York, NY 10013; Jane Pucher, JD*, Innocence Project, New York, NY 10013; Jeffery K.
Tomberlin, PhD*, Dept of Entomology, College Station, TX 77843-2475; Andrew M. Baker, MD*, Hennepin County ME, Minneapolis, MN 55415

Learning Overview: The goals of this presentation are to help attendees: (1) understand the factors that lead to wrongful conviction;
(2) describe the features used to estimate time of death; and (3) understand the role of forensic entomology in narrowing time-of-death estimations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the
numerous factors that led to the wrongful conviction of a young woman and years of imprisonment for a murder she did not commit. Attendees will
appreciate the advantages of a second opinion in cases in which time of death may be an issue and the importance of considering another forensic
science that was not considered at the time of original trial.

In most death investigations, time of death is not a critical issue in court. However, for those accused of homicide—especially those who have an alibi
for a specified time period—the ability to narrow the time frame in which death likely occurred can mean the difference between exculpation and
wrongful imprisonment. Oftentimes medical examiners may be unaware that time of death is of particular significance in a case, unless or until a lawyer
informs them.

On the night of July 8, 2001, around 10:00 p.m., a man’s body was discovered covered with trash beside a dumpster in a parking lot in Las Vegas, NV.
The victim had been mutilated: his teeth were knocked out, he suffered numerous stab wounds, his skull was fractured, and his penis had been severed
from his body. Police investigation ultimately turned to Kirstin Blaise Lobato (“Blaise”), a slight eighteen-year-old girl from a town several hours from
Las Vegas. Blaise had no connection to the victim; rather, she was implicated solely based on rumors that she had cut a different man’s groin when he
tried to attack her in a motel parking lot; however, that attack occurred several weeks before this July 8 homicide.

Blaise had an alibi for the majority of July 8—it was undisputed she was in her hometown, several hours from Las Vegas, after
11:00 a.m. and for the rest of that day. Under the State’s theory at trial, Blaise killed the victim during the early morning hours of July 8. This meant
that the victim’s body laid undiscovered in the daytime summer heat for more than 12 hours, from the early morning (when Blaise
allegedly killed him) until his body was found at 10:00 p.m. The State relied heavily on a medical examiner’s time-of-death estimation that the victim
could have died up to 24 hours before he was pronounced dead at 3:50 a.m. on July 9, meaning at approximately 4:00 a.m. on July 8. The State argued
that this put the victim’s death at a time when Blaise was not accounted for by her alibi witnesses, and the jury convicted her.

During Blaise’s post-conviction litigation, this time-of-death estimate was revisited. A consulting pathologist noted that the decedent was initially
examined and found to be in full rigor mortis at 3:50 a.m. Rigor mortis had disappeared by the time the autopsy commenced at noon, eight hours later.
Given the rapidity with which the decedent went out of full rigor, and given the outdoor temperatures in Las Vegas in July, the pathologist estimated
that the decedent most likely died within several hours of 8:00 p.m. on July 8—Ilong after Blaise had left Las Vegas. Three renowned forensic
entomologists independently reviewed the crime scene and autopsy evidence and found an absence of blow fly activity. Blow flies are early colonizers
of dead bodies, and the conditions in which the victim’s body was found were ideal for rapid colonization: outdoors, in a hot climate, surrounded by
garbage. All three entomologists independently concluded that, based on the absence of blow fly colonization, the victim was likely killed after
8:00 p.m. on July 8, 2001, during which time Blaise was, as even the State conceded at trial, hours away from Las Vegas.

Based on these findings, as presented during an evidentiary hearing, the presiding judge vacated Blaise’s conviction. The judge found that her trial
attorneys provided ineffective assistance of counsel in failing to consult with a forensic pathologist as well as with a forensic
entomologist, whose consult would have narrowed the time-of-death estimate to a time frame during which Blaise could not possibly have committed
the crime.

Exoneration, Time of Death, Blow Flies
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BS8  The National Institute of Justice (N1J) Cold Case Working Group and Its Best Practices Guide for Implementing
and Sustaining a Cold Case Unit in Police Agencies: A Path Forward to Solving the Cold Case Crisis

James M. Adcock, PhD*, Collierville, TN 38017; Thomas C. McAndrew, MA*, Pennsylvania State Police, Orefield, PA 18069; Charles M. Heurich, MFS*,
National Institute of Justice, Washington, DC 20531

Learning Overview: After attending this presentation, attendees will better understand the status of cold case investigations in the United States and
be more familiar with the recommendations found in the newly published N1J Best Practices guide for implementing and sustaining a cold case unit in
police agencies.! Attendees will also be aware of how these guidelines will affect ongoing homicide and cold case investigations and will be presented
with a novel approach, utilizing experience and donated funds, along with the NIJ guide’s recommendations, to help these police agencies implement
and sustain the process, furthering the intent of the NIJ cold case guide.

Impact on the Forensic Science Community: This presentation will impact the forensic science community primarily by outlining recommendations that will
help police agencies better address the cold case crisis in America. Attendees will see research-supported concepts along with application guidelines on how to
create, implement, and sustain a proper cold case unit. This process, coupled with the efforts of a community-based non-profit corporation, will produce
maximum effectiveness through the solving of more cold cases while at the same time increasing the clearances of other homicides. The example given should
be an incentive for other communities to follow.

From 1980 to 2016, the United States accumulated more than 242,000 cold cases or unresolved homicides.? Then, in 2016, the Federal Bureau of Investigation
(FBI) Uniform Crime Reports (UCR) reported our national clearance rate of homicides at 59.4%, the lowest in our history, while many cities saw a significant
rise in homicide incidents. These unsolved homicides have, for the most part, just been added to the cold case status that is rising by the thousands each year.

In 2015, the N1J started the Cold Case Working Group with the intent of formulating a “best practices” guide for the implementation and sustainment of a cold
case unit in police departments. (At this writing, the NIJ document is scheduled to be published in the fall of 2018.) For many years prior to this working group,
NIJ had funded millions of dollars for agencies to work cold cases through their (N1J) DNA Cold Case Grants. While they were productive, it became clear that
more research and work was needed to make the system better; therefore, the working group.

While there are approximately 50 recommendations in this manual, this presentation will only highlight certain ones that appear to have the most impact on
police decision-making regarding their attempts to solve cold cases. The latest draft of the guide explicitly states that we are in a “cold case crisis”; that agencies
must conduct a complete inventory of all unresolved cases along with associated evidence; that only a “dedicated” unit will provide maximum effectiveness
with increased clearances; that the use of “vetted” outside sources are important to saving time and manpower; and, as a path forward, that sustaining the unit
over time is critical to the solving of homicides and cold cases on a regular basis.?

Many police agencies suffer from manpower losses and insufficient funds to even consider implementing a sustainable cold case unit. These are all obstacles
for the police supervisors to overcome. The first and foremost decision must be a commitment to have a “dedicated” cold case unit. Then, if the guide isto be a
productive document, how does an agency get over the hump regarding manpower and funding and manage to sustain a viable unit? Hopefully, the funding
from NIJ for cold cases will be reinstituted, but experience has shown that many times after the funds are depleted (one to two years), the cold case unit is
dismantled, which defeats the “sustainment” intent of the process.

Detectives spend approximately 60% of their time conducting administrative duties. That, coupled with manpower shortages, can be partially resolved through
the “vetting” of outside sources, such as retired detectives, professors, other professionals from the community, and grad students. These sources should come
from the community at large and, when vetted by the police agency, can accomplish most of the administrative tasks that detectives would normally perform,
leaving them to do what they do best—investigate.

Lastly, a community-based non-profit such as the Mid-South Cold Case Initiative could be a partial solution to the sustainment concern by funding the cold
case unit over time. This corporation was specifically designed to raise funds in the mid-south that are earmarked specifically for police agencies to fund a
dedicated cold case unit.

In conclusion, the design of the best practices guide is geared to help police agencies to not only grasp the concept of investigating cold cases for justice, families,
and the safety of our communities, but to also prevent some communities from having a crisis that will drain their resources to the limits. The process of investigating
cold cases is an intricate part of the equation to solving homicides while attacking the issue from both ends of the spectrum simultaneously, hot and cold.

Reference(s):

L National Institute of Justice (NIJ). National Best Practices for Implementing and Sustaining a Cold Case Investigation Unit. Latest draft April 2018.
2 Murder Accountability Project, www.murderdata.org; accessed last July 2018.

3. UCR 2016, www.FBI.gov; accessed July 2018.

Cold Cases, Unresolved Homicides, Best Practices
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L1 Forensic Sciences Without Borders: Forensic Sciences Services in Brazil

Heather E. McKiernan, MSFS*, Center for Forensic Science Research and Education, Willow Grove, PA 19090; Joao Carlos L. Ambrosio, MSc*,
Brazilian Federal Police, Brasilia, Distrito Federal 70610-200, BRAZIL; Tais R. Fiorentin, PhD, Willow Grove, PA 19090; Barry K. Logan, PhD¥*,
NMS Labs/Center for Forensic Science Research and Education, Willow Grove, PA 19090

Learning Overview: After attending this presentation, attendees will better understand how forensic and investigative science services are delivered
in Brazil as well as the challenges faced by forensic scientists working in a developing country. Attendees will also gain an understanding of the
differences between judicial perspectives on forensic science between Brazil and the United States and will better appreciate opportunities for
collaborative scientific exchange.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing insight into the cultural and
particular needs of Brazil’s forensic and investigative science institutions, the challenges they face, and the opportunities for stronger working
relationships, which would allow for growth of the field in both countries.

The 2019 American Academy of Forensic Sciences (AAFS) International Educational Outreach Program (IEOP) will visit
Brazil to solidify the relationships that have been established with the mutual recognition between the Brazilian Academy of Forensic
Sciences (BAFS) and the AAFS. Brazil is a country whose economy is ranked in the top ten largest in the world; however, its forensic and investigative
services are still developing. Contemporary practice has made major strides toward advancement; however, Brazil still faces a number of challenges,
including funding, awareness/education, and training that must be overcome to continue to improve best practices.

This session, designed to provide attendees with an orientation to the structure and delivery of forensic and investigative sciences in Brazil, is part of
an ongoing initiative of the BAFS and the AAFS to recognize forensic science as a field without borders, providing a platform for international
collaboration. The BAFS is the first association academy recognized by the AAFS. It was founded in 2012 with the goal of contributing to the
development of forensic sciences in the country, guaranteeing justice and human rights.

In addition to examining the current state and organization of forensic science services in Brazil, Brazilian judicial perspectives on
forensic science will be discussed. Ongoing and future opportunities for collaborations, such as scientist exchanges, Standard Operating Procedure
(SOP) sharing, training prospects, and joint research collaborations, will be highlighted. Speaker presentations will conclude with an open question-
and-answer session where attendees will be able to interact with the speakers to gain additional information.

Forensic Science, Brazil, Collaboration
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ES1 Adding Forensic Relevance to the Pediatric Autopsy With Defined Preautopsy Goals and Practical
Techniques Using a Case-Based Approach

Michael J. Caplan, MD*, Suffolk County Office of the Medical Examiner, Hauppauge, NY 11788; Amy T. Sheil, MD*, Waukesha County Medical
Examiner's Office, Waukesha, WI 53188

Learning Overview: After attending this presentation, attendees will be able to: (1) describe the purpose of the autopsy in the evaluation of sudden
unexplained or unexpected deaths in the setting of pediatric cardiac conditions (including therapeutic interventions and their complications);
(2) highlight the added benefits of an autopsy when accompanied by ancillary studies in the evaluation of sudden unexplained deaths in infants and
children with undiagnosed infectious diseases or metabolic or genetic disorders; (3) identify mimics of child maltreatment (abuse and neglect) revealed
by postmortem examination; (4) describe and guide an approach to a pediatric autopsy in a death during or following (and potentially related to) a
therapeutic procedure; (5) effectively communicate the value of the negative findings in a pediatric autopsy (“negative autopsy”) to clinicians and
families; (6) improve their own institution’s autopsy practices through learning points gleaned by exposure to case-based examples; and (7) gain
experience and proficiency with particular techniques relevant to the pediatric autopsy through use of a supplementary tutorial of specialized autopsy
procedures and dissections.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving attitudes and practices
regarding autopsies and by making the pediatric autopsy a more useful and serviceable tool for the consumers of the information imparted by the
autopsy. The two primary goals of the presentation are to: (1) provide an initiative to enhance the practical value (diagnostic and educational yield) of
a pediatric autopsy; and (2) apply the lessons gleaned from the autopsy to improve patient outcomes and reduce risks of recurrence of adverse outcomes.

Autopsy training in pathology residency varies greatly among teaching institutions, and resources including case material and faculty time are unevenly
distributed. With diminishing numbers of hospital autopsies, including pediatric and perinatal autopsies, the opportunity for pediatric pathologists to
gain proficiency and competence in performing autopsies has become more limited. Many pathologists in practice perform too few autopsies to maintain
optimal skills and practices. Increasing reliance upon pathologists’ assistants to conduct gross examinations further restricts the experience of practicing
pathologists. There exists a real risk among pediatric pathologists of insufficient ongoing experience with pediatric autopsies. There is also a tendency
to include data in the body of the autopsy report that has limited clinical significance or that is incompletely addressed. All of these factors conspire to
undermine the potential value and utility of the pediatric autopsy in clinical practice. These issues illustrate gaps in practice experience and current
knowledge. There exists a definite need to provide education for practicing pediatric pathologists to enhance the clinical usefulness and relevance of
autopsy reports. Forensic pathologists are in a potentially advantageous position to help pediatric pathologists with this challenge because, since
autopsies are the mainstay of their primary activities, they understand the practical importance of delivering meaning and relevance to individuals to
whom they need to present their findings in various medicolegal settings. The ultimate goal of this presentation is to facilitate communication and
crosstalk between forensic and pediatric pathologists in order to achieve optimal benefits of pediatric autopsy results.

Pediatric, Autopsy, Unexplained Death
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W1  What’s Trauma and Stress Got To Do With 1t? Recognizing the Impact of Trauma on Forensic Professionals
and Taking Steps To Mitigate It

Amanda L. Farrell, PhD*, Marymount University, Arlington, VA 22207; Lurena A. Huffman, BS*, EMDC Forensics LLC, Hampton, VA 23666;
Timothy J. Ainger, PhD*, University of Kentucky, Lexington, KY 40536; Christopher J. Scallon, MS*, Norfolk Police Department, Norfolk, VA 23510

Learning Overview: After attending this session, 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 the employee’s personal and professional performance.*”
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. Paths forward and the development of an Evidence-Based
Policy (EBP) will also be addressed, so attendees can examine what policies and assistance are available in their own agencies or will be able to aid in
policy development.

Impact on the Forensic Science Community: This presentation 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. By recognizing the manifestations of a variety of psychological—hoth behavioral and cognitive—impacts as a reaction to trauma and
stress exposure on the job, as well as by identifying whether an agency is trauma-informed and what resources are available to employees, attendees
will be better equipped to understand the short- and 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 burnout and decreased cognitive abilities that may impact service provision and job
performance.

Cognitive implications after traumatic exposure are varied in presentation and require management but may be difficult for supervisors and forensic
personnel to detect. Amnestic complications associated with dissociation, as well as shifts in cognitive schemas following traumatic exposure, have
implications on both subsequent cognitive functioning and possible applications of insight-based treatment approaches.®® The cognitive impact of
trauma can be seen in both primary and vicarious/secondary trauma exposure (e.g., peers, treating clinicians).X® Furthermore, some research has
suggested a negative impact on executive functioning and memory, which may even be compounded by repeated exposure to trauma.*'* These
cognitive skills, which are necessary for effective job performance for forensic professionals, are repeatedly being shown in the literature to be impacted
by exposure to trauma.

Recognizing and addressing the impacts of direct and vicarious trauma on forensic personnel is especially important as employee burnout can represent
not only the loss of an employee, but also a loss of the financial investment the agency or department has made in that individual’s training and
development, yet again highlighting the importance of striving for well-developed and empirically supported policies that protect both the financial
interests of the agency and the jurisdiction, as well as the well-being of agency personnel. Even if the employee impacted by stress and trauma does
not leave the agency, he or she may represent a financial loss to the agency in terms of decreased productivity, costs associated with workers’
compensation, litigation fees, frequent absenteeism, and other similar costs.!>17 In the current economic climate of budgetary cuts and a “do more with
less” attitude, these statistics suggest that a cost-effective approach, and EBP should involve effective training and preparation, as well as swift
intervention to avoid personnel developing long-term symptoms of psychological trauma and/or lingering cognitive deficits in the aftermath of trauma
exposures. Thus, there are psychological, training, retention, and fiscal issues that cannot be disentangled from policy and practice and that the
development of a comprehensive EBP is necessary.

Many times, professionals may not recognize the psychological impacts, behavioral and cognitive, of exposure or repeated exposure to trauma, and the
easiest response may be to identify these impacts as an individual problem. However, as research, Critical Incident Stress Management Teams, Peer
Support Teams, and the recognition of the impacts of vicarious trauma have demonstrated, these problems are more pervasive and of a greater magnitude
than previously acknowledged in the first responder community. That recognition is slowly broadening to include investigative personnel and support
personnel, as well. Based on previous research and work, this workshop provides a multidisciplinary approach that agency personnel, both line level
and supervisory, can relate to and use to gain actionable insight.

Reference(s):

L Holt T.J.,, Blevins K.R., Foran D.R., Smith R.W. Examination of the Conditions Affecting Forensic Scientists' Workplace Productivity and
Occupational Stress: Michigan State University Eastern Kentucky University; 2016 Contract No.: Document Number|.

2 lorga M, Soponaru C., loan B. The Burnout Syndrome of Forensic Pathologists. The Influences of Personality Traits, Job Satisfaction and
Environmental Factors. Rom J Leg Med. 2016;24(4):325-32.

3 Jeanguenat A.M., Dror I.E. Human Factors Effecting Forensic Decision Making: Workplace Stress and Well-Being. Journal of Forensic
Sciences. 2018;63(1):258-61.

4 Levin A.P. Management of Stress and Burnout in the Workplace. ASCLD Symposium 2018, 2018. 2018.

5 Malik P., Singh G. Health Considerations for Forensic Professionals: A Review. Forensic Science Policy & Management: An International
Journal. 2011;2(1):1-4.

6 Salinas C., Webb H. Occupational Stress and Coping Mechanisms in Crime Scene Personnel. Occupational Medicine. 2018;68(4):239-45.

7 Henry V.E. Death Work: Police, Trauma, and the Psychology of Survival. Oxford University Press, 2004.
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Bower G.H., Sivers H. Cognitive Impact of Traumatic Events. Development and Psychopathology. 1998;10(4):625-53.

Cohen K., Collens P. The Impact of Trauma Work on trauma Workers: A Metasynthesis on Vicarious Trauma and Vicarious Posttraumatic
Growth. Psychological Trauma: Theory, Research, Practice, and Policy. 2013;5(6):570.

Jenkins S.R., Baird S. Secondary Traumatic Stress and Vicarious Trauma: A Validational Study. Journal of Traumatic Stress. Official Publication
of The International Society for Traumatic Stress Studies. 2002;15(5):423-32.

Aupperle R.L., Melrose AJ., Stein M.B., Paulus M.P. Executive Function and PTSD: Disengaging From Trauma. Neuropharmacology.
2012;62(2):686-94.

DePrince A.P., Weinzierl K.M., Combs M.D. Executive Function Performance and Trauma Exposure in a Community Sample of Children. Child
Abuse & Neglect. 2009;33(6):353-61.

Nixon R.D., Nishith P., Resick P.A. The accumulative Effect of Trauma Exposure on Short-Term and Delayed Verbal Memory in a Treatment-
Seeking Sample of Female Rape Victims. Journal of Traumatic Stress. Official Publication of The International Society for Traumatic Stress
Studies. 2004;17(1):31-5.

Green B.L., Goodman L.A., Krupnick J.L., Corcoran C.B., Petty R.M., Stockton P., et al. Outcomes of Single Versus Multiple Trauma Exposure
in a Screening Sample. Journal of Traumatic Stress. 2000;13(2):271-86.

Honig A.L., Sultan S.E. Reactions and Resilience Under Fire: What an Officer Can Expect. The Police Chief. 2004;71(12):54-60.

Stevens D.J. Police Officer Stress and Occupational Stressors. Policing and Stress. 2005:1-24.

Violanti J.M. Dying for the Job: Psychological Stress, Disease and Mortality in Police Work. In: Copes H., editor. Policing and Stress. Upper
Saddle River: Pearson Education; 2005;87-102.

Forensic Professional Mental Health, Trauma, Cognition
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W2  “Will This Leave a Mark?”” A Multidisciplinary Approach to Autoerotic Asphyxiation (AeA) Fatalities

Sharon L. Plotkin, MS*, Miami Dade College, Miami, FL 33167; Teresa A. White, MA*, Missoula, MT 59808; Tim Gallagher, MD*, Pensacola
Medical Examiner, Pensacola, FL 32504; Katherine Ramsland, PhD*, DeSales University, Center Valley, PA 18034

Learning Overview: After attending this presentation, attendees will more comprehensively understand AeA deaths. This multidisciplinary approach
will review the literature on circumstances preceding AeA deaths, discuss a practical approach to medicolegal death scene investigation, the certification
of cause and manner of death, intentionality versus unintentionality AeA death case reviews, etiological factors, and psychological manifestations of
practitioners, as well as stigmatic concerns families face over the loss of loved ones.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating techniques in AeA
investigations. This is a multidisciplinary process involving medical and non-medical professionals for the correct certification of manner and cause of
death in suspected AeA cases.

AeA is the practice of decreasing oxygen flow to the brain, via chemical or mechanical means, for the purpose of increasing the pleasure of a
masturbatory orgasm. When the brain is deprived of oxygen, it induces a lucid, semi-hallucinogenic state called hypoxia. When combined with an
orgasm, the euphoric state of hypoxia is compared to the effects of cocaine ingestion and can be highly addictive.

Erotic asphyxiation is a sexual practice variously called asphyxiophilia, autoerotic asphyxia, or hypoxyphilia. It includes the practice of intentionally
restricting oxygen to the brain of a sexual partner. The term autoerotic asphyxiation is used when the act is performed by a person to themselves for
heightened sexual self-gratification.

An AeA death scene is a rare and unique occurrence, and the materials at the scene can mislead the novice death scene investigator. It is also not
uncommon for the family of the deceased individual to manipulate or alter the death scene to avoid possible social defamation associated with AeA. It
is important for the death scene investigator to recognize an altered death scene and report that to the medical examiner.

The practitioner of AeA is most often revealed at the medical examiner’s office. Death occurs through a fault in the safety mechanism that the
practitioner designed to restore normal blood flow to the brain after the sex act is completed.® Since a majority of AeA practitioners utilize a ligature
around their neck to decrease oxygen flow to their brains, a failure in this safety mechanism resulting in death shares common elements with asphyxial
suicides. This can lead to circumstances whereby the AeA death is incorrectly certified as a suicide.? Consequently, most of the epidemiological
knowledge of AeA comes from the practitioner who dies because of the act. The intention of the participant is not for a fatal outcome but to achieve a
heightened sense of sexual gratification. Insurance companies have successfully argued that AeA is a high-risk act of bravura and therefore beneficiaries
should not be granted financial recovery in these cases.® This type of argument discusses the intentionality of the act leading to death versus the
unintentionality of death. Although AeA death is most consistently certified as an accident, the argument persists as to whether the practitioner could
reasonably expect death to be a result of the act.

Reference(s):

1 Sauvageau, Anny, and Vernon Geberth. Autoerotic Deaths: Practical Forensic and Investigative Perspectives. CRC Press, 2013.

2 Shelig, Sergey, and Edwin Erlich. Autoerotic Asphyxiation: Forensic, Medical and Social Aspects. Wheatmark. 2006.

3 Erman, Sam. Word Games: Raising and Resolving the Shortcomings in Accident-Insurance Doctrine That Autoerotic-Asphyxiation Cases Reveal.
Michigan Law Review. August 2005, 2172-2208.

Autoerotic Asphyxiation (AeA) Death, Equivocal Death, Death Investigators
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W3  Child Murder by Parents: Psychiatry, Pediatrics, and Pathology

Carl Wigren, MD*, Wigren Forensic PLLC, Seattle, WA 98101; Susan Hatters-Friedman, MD*, University of Auckland, Auckland, NEW ZEALAND;
Renee Sorrentino, MD¥*, Institute for Sexual Wellness, Weymouth, MA 02188; Josh Friedman, MD, PhD*, Cleveland, OH 44106; J. Paul
Fedoroff, MD, Royal Ottawa Hospital, Ottawa, ON K1Z 7K4, CANADA

Learning Overview: After attending this presentation, attendees will understand child murder by parent cases from psychiatric, pediatric, and
pathology perspectives. The discussion will include an understanding of parental motives and common factors behind child murder; diligently searching
for the explanation and mechanism of the suspected inflicted injury; and courtroom testimony when understanding biases. The panel will include
forensic psychiatrists (including perinatal psychiatry subspecialty), a child protection pediatrician, and a forensic pathologist. Case examples will be
provided.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by increasing competence in
understanding the phenomenon of child murder by parents, effectively evaluating alleged perpetrators and the medical evaluation of such cases. This
should lead to more scientific and less biased evaluations.

Diligence, Dedication, and Devotion are critical in evaluations of child murder by parents. Child murder by parents is often mischaracterized by well-
meaning psychiatrists and jurists due to flawed interpretations of the literature. In two dozen nations, child murder by mothers has its own charge or
defense of infanticide when the child killed is under a certain age. Those mothers may have no sentence or a sentence akin to that for manslaughter.
Nothing comparable exists for fathers who kill. Yet mothers who make use of the defense are often not suffering from severe mental illness. Mothers
who Kill their children are often met with sympathy while fathers are vilified. Deservedness is much more nuanced. Research findings from both the
psychiatric and the criminological studies will be discussed to further understand the characteristics of these parents. Conducting appropriate non-
gender-biased insanity evaluations and mitigation evaluations in such cases will be reviewed. Fatal inflicted pediatric trauma in some cases are
hospitalized prior to their passing and involve child protection pediatricians. Relevant knowledge and experience from child protection pediatrics will
be presented. On the death of the child from suspected inflicted injury, forensic pathologists and medical examiners work to determine cause of death.
With available information often incomplete, child abuse pediatricians and forensic pathologists provide opinions regarding plausible mechanisms of
injury. This has potential impacts on the criminal court case as well as for custody.

Cases will be discussed that demonstrate these themes, with audience participation. A question-and-answer session at the end of the workshop will
enable attendees to ask questions of the speakers. The goal of the panel is to educate attendees on the phenomenon of child murder by parents from the
perspectives of forensic psychiatry, pediatrics, and pathology.

Child Murder, Filicide, Infanticide
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W4  The Medicolegal Investigation of Recreational Diving Fatalities

James Louis Caruso, MD¥*, Office of the Medical Examiner, Denver, CO 80204; Michael D. Bell, MD*, Palm Beach County Medical Examiner’s
Office, West Palm Beach, FL 33406

Learning Overview: After attending this presentation, attendees will: (1) have a basic understanding of the special physiology and specialized
equipment associated with scuba diving; (2) appreciate the epidemiology of deaths associated with recreational diving, including geographic
distribution, common causes of death, and contributing factors to these fatalities; (3) be able to adequately investigate and interpret the historical events
and circumstantial evidence associated with diving fatalities; (4) understand the recommended approach to the autopsy of persons who died while
diving and be able to interpret the anatomical findings in the context of the historical events; and (5) have handout material and points of contact for
future reference to competently investigate a diving-related death.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing the training and resources
needed to forensic pathologists and medicolegal death investigators, so they may competently and confidently investigate recreational (scuba) diving-
related deaths.

The popularity of recreational diving using Self-Contained Underwater Breathing Apparatus (SCUBA) has increased dramatically over the past several
decades. Present estimates place the number of active recreational divers in the United States at between 500,000 to 1,000,000. The number of fatalities
involving United States citizens performing recreational dives averages 80 to 90 each year. These fatalities challenge the investigators and pathologists
who must investigate and certify these deaths. Recreational diving fatalities are often litigated in civil court. This workshop is designed for the
pathologist, criminalist, attorney, and general section member who may become involved in the investigation of a scuba diving accident or fatality.

The initial portion of this workshop will include a brief overview of diving physiology, including the effects on the body of breathing compressed air.
The pathophysiology of barotrauma, nitrogen narcosis, oxygen toxicity, gas embolism, and decompression illness (caisson disease) will be reviewed.
The pathophysiology of drowning will be reviewed, since it is a frequent outcome in a fatal diving mishap.

Following the discussion on physiology, the epidemiology and risk factors associated with recreational diving fatalities will be presented. A detailed
presentation on the recommended investigation of a fatal diving mishap will be given using illustrative cases from several jurisdictions. The importance
of interviewing witnesses and gathering information on the diver’s past medical history, diving experience, pre-dive status, and the circumstances
surrounding the dive will be emphasized. The relevance of knowing the exact depth and bottom time of the dive, as well as when and where the diver
began to run into difficulty, will be discussed. Additionally, this workshop will include a hands-on section in which typical diving equipment will be
available for examination and familiarization by attendees. This will be accompanied by a brief discussion on the evaluation of dive gear.

In the final portion of the workshop, the speakers will review the autopsy protocol for scuba diving victims and emphasize those tests and observations
that are helpful in determining the cause of death. The significance of finding intravascular bubbles will be discussed, as will the proper interpretation
of the findings of the autopsy. Natural diseases that are likely to cause sudden incapacitation and death while scuba diving will be reviewed. Finally,
related topics, such as hazardous marine animals, zoophagia, and trauma leading to recreational diving fatalities, will be presented.

Thorough handouts will be provided by the speakers, including checklists of important information to obtain regarding a diving mishap, a diving fatality
reporting form, a suggested autopsy protocol for use on a diving related fatality, and recommended resources for consultation and referral.

SCUBA Diving, Drowning, Air Embolism
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W5 Novel Psychoactive Substance (NPS) Surveillance, Detection, and Intelligence for Use by Forensic
Laboratories, Public Health, and Public Safety

Alex J. Krotulski, MS*, Center for Forensic Science Research & Education, Willow Grove, PA 19090; Barry K. Logan, PhD*, NMS Labs/Center for
Forensic Science Research & Education, Willow Grove, PA 19090, Jason A. Bordelon*, Drug Enforcement Agency, Springfield, VA 22152; Francis X.
Diamond, BS*, Willow Grove, PA 19090; Donna M. Papsun, MS* NMS Labs, Willow Grove, PA 19030; Andrew Stolbach, MD*, The Johns Hopkins
University Medical School, Baltimore, MD 21205; Rudolph C. Johnson, PhD*, Center for Disease Control and Prevention, Atlanta, GA 30341, Eric D.
Wish, PhD*, Center for Substance Abuse Research, College Park, MD 20740-3210; Jae W. Chung, BS*, Drug Enforcement Agency, Springfield, VA
22152; Jeffrey Lai, MD*, University of Massachusetts Medical School, Department of Emergency Medicine, Worcester, MA 01655, Elizabeth Young
Laanemets, MSc, Canada Border Services Agency, Ottawa, ON, CANADA K1A 0LS; Jason M. Piotrowski, BA* New Jersey Regional Operations &
Intelligence Center, West Trenton, NJ 08628; M.J. Menendez, JD*, Organized Crime Drug Enforcement Task Force, Washington, DC 20530;

Learning Overview: After attending this presentation, attendees will be able to: (1) understand approaches for the surveillance and initial detection of
NPS; (2) describe methods for the analysis of case evidence for characterization of emerging or unknown NPS; (3) assess analytical and clinical findings
of NPS in casework and intoxications; and (4) demonstrate manners for which data can be used to track or monitor trends and overall NPS intelligence.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing real-time information on
NPS detection and emergence, the opioid epidemic, clinical treatment strategies, and large data dissemination tactics. Presentations will cover a variety
of NPS classes, with specific focus on fentanyl analogues and novel opioids, detected and identified in recent casework. Additionally, the presentations
in this workshop will showcase the multidisciplinary efforts being conducted to detect NPS and report their presence in seized materials or biological
fluids.

Identification and characterization of NPS has become critical among forensic, clinical, public health, and public safety communities. Proliferation of
new drugs and illicit substances has increased the challenges associated with typical or routine testing procedures, law enforcement efforts, and
treatment workflows. Most notably, the current expansion of novel opioids in the street drug supply, consisting of a vast variety of fentanyl analogues
and U-series derivatives, has resulted in a skyrocketing number of adverse events, including death, in recent years. It has become clear that combating
the opioid epidemic and NPS proliferations are not singularly on one scientific field or government agency, but rather a multidisciplinary effort among
law enforcement, forensic scientists, clinicians, public health officials, and other pertinent communities. Interdiction and intervention are not possible
without full support and commitment from all agencies and communities, as this has been demonstrated by organizations showcased during this
workshop. Detection and characterization of newly emerging substances is key to remaining at the forefront of this ever-evolving issue. Identifications
fuel intelligence efforts for monitoring trend information, developing emergence data, and notifying respective communities. Notifications allow for
surveillance of NPS and novel opioids through tracking of shipments, migration of drug supplies, and monitoring of new or suspicious activities.
Surveillance leads to the acquisition of packages, drug supplies, and/or biological fluids that feed into laboratories for analysis. All three of these aspects
work in unison and create a cycle of information sharing.

This workshop will provide information related to the sale and acquisition of NPS, the migration of NPS to the point of initial identification and
subsequent detections, and the end use of the information for intelligence or surveillance purposes. Analytical methods and tools for NPS detection in
forensic chemistry and forensic toxicology will be discussed, in addition to timely results from analysis of casework specimens, including seized
materials and biological fluids. Additional topics included in the program will focus on clinical approaches to the identification of NPS and appropriate
dissemination of results, as well as methodologies for the compilation and distribution of data and findings, specially relating to large population sets
with all-encompassing information.

Novel Psychoactive Substances, Novel Opioids, Surveillance
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W6  The Impact of Emerging Technologies on Digital & Multimedia Forensics

Steven B. Watson, BA*, VTO, Broomfield, CO 80021-8042; Marla E. Carroll, BS, Forensic Video & Audio Associates, Inc, Plantation, FL 33317;
Jeff M. Smith, MS*, National Center for Media Forensics - CU Denver, Denver, CO 80204; Mary F. Horvath, MFS*, Ft. Myers, FL 33966; James
Darnell, BS*, United States Secret Service, Tulsa, OK 74104; Matthew Domanic, BA*, VTO, Inc, Broomfield, CO 80021; Boyd Hamilton*, Fidelis
K9, Tulsa, OK 74104; Jessica Hyde, MS*, Magnet Forensics, Herndon, VA 20171

Learning Overview: The goals of this presentation are to: (1) inform participants of emerging technologies affecting digital forensic science today;
(2) identify technologies on the horizon that will be impacting the world of forensics science; (3) learn practical techniques for addressing new
technology questions in their field of practice; (4) network with other interested researchers, academics, and practitioners to affect their thinking on
new and emerging technology issues; and (5) learn of real-world implications as case studies are presented across a wide variety of topics throughout
the workshop.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by raising awareness of current emerging
and horizon technologies impacting the world of forensic science today. This presentation will stimulate research among the participants and their
organizations and provide opportunity for participants of varying interests to identify like-minded individuals to collaborate on research ideas. Finally,
this presentation will continue to establish the American Academy of Forensic Sciences as a leader in the world of digital forensic science through
forward-looking preparation of the digital forensics community for the challenges that are coming.

As technology continues to evolve and morph into new formats and platforms, the challenge of digital and multimedia forensics progresses as well.
Digital forensics experiences dynamic changes caused by the rapid progression of technology, new inventions with new applications, and the continued
miniaturization and complexity of the technologies arriving at digital forensics labs. Looking toward the horizon, bigger challenges emerge with how
scientists will successfully perform digital forensics on new platforms that do not yet exist. New methods for storing data are emerging with ways that
computing can be performed across new types of devices that have not yet been encountered in the history of digital forensics.

While many forensic science disciplines encounter iterative change enabled by new methods and new technologies, digital forensic science encounters
revolutionary change across devices and technologies not yet created. Digital forensic practitioners are heavily affected by the market forces driving
adoption of new technologies. Market adoption of emerging technologies leads to these same new technology devices appearing in evidence queues to
be addressed by practitioners that have not yet been trained on these devices. What methods and research exist in emerging technology areas that can
inform discreet problem statements while finding applicability across other new technology devices as well?

Garfinkel identified that standardization and validation must be strengthened to meet the challenge coming with future technologies.! Lillis et al.
identify that future digital challenges in and of themselves can hamper investigations, but the cumulative effect amplifies these difficulties.? Caviglione
et al. call out the need for multidisciplinary approaches spanning multiple fields to address the future of digital forensics.®

Reference(s):

L S.L. Garfinkel. Digital Forensics Research: The Next 10 Years. Digital Investigation. VVol. 7 supplement, 2010, pp. S64-S73.

2 Lillis, David; Becker, Brett A.; O’Sullivan, Tadhg; and Scanlon, Mark. Current Challenges and Future Research Areas for Digital Forensic
Investigation. (2016). Annual ADFSL Conference on Digital Forensics, Security and Law. 6. https://commons.erau.edu/adfsl/2016/tuesday/6.

3 L. Caviglione, S. Wendzel, and W. Mazurczyk. The Future of Digital Forensics: Challenges and the Road Ahead. IEEE Security & Privacy. Vol.
15, no. 6, pp. 12-17, 2017. doi:10.1109/MSP.2017.4251117.

Digital Forensics, Emerging Technologies, Future Technologies
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W7 A Multidisciplinary Approach for Cardiovascular Deaths: Breakthrough Technologies and Their
Applications

Katarzyna Michaud, MD*, Centre Universitaire Romand de, Lausanne 1000, SWITZERLAND; Silke Grabherr, PhD*, Centre Universitaire
Romand de Médecine Légale, Lausanne 25, Vaud 1000, SWITZERLAND; Sara Sabatasso, MD*, Geneva 1211, SWITZERLAND, Stephen D.
Cohle, MD¥*, Spectrum Health-Blodgett, Grand Rapids, MI 49506, Morgane Jotterand, MD¥*, University Center of Legal Medicine, Lausanne,
SWITZERLAND

Learning Overview: After attending this presentation, attendees will better understand the use of modern technologies by immunohistochemistry,
metabolomics, genetics, and imaging introduced recently in postmortem evaluation of cardiovascular pathologies, not only for natural cases but also
for traumatic and post-cardiac surgery cases involving medical liability. Participants will understand the advantages and limitations as well the possible
pitfalls of these methods.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by presenting new technologies
(immunochemistry, genetics, and imaging) and their current role and prospective. By including discussion with participants, the usefulness of these
methods will be clearer to the forensic science community.

Any sudden, unexpected or unexplained death, mainly in the young, is a reason for a medicolegal investigation. The underlying cause of sudden death
is most frequently cardiovascular with coronary atherosclerotic disease as the leading cause of death in elderly victims, while genetically determined
cardiomyopathies as hypertrophic or arrhythmogenic cardiomyopathy and canalopathies prevail in the young. Modern immunohisto-chemical markers
and untargeted metabolomics allow the progress in the detection of early myocardial ischemia. Autopsy-negative Sudden Cardiac Deaths (SCDs) are
most often thought to be the consequence of sudden arrhythmic death syndrome, and so-called molecular autopsy is recommended. Radiological
examination has been used in forensic and clinical pathology in specific situations of natural and violent deaths for many years, as an additional
diagnostic tool, for documentation and for research, and is very useful for cardiovascular pathologies.

Many immunohistochemical markers have been proposed to diagnose early myocardial infarction, which include proteins from the complement cascade
(C5h9), fibrinogen and fibronectin, and some of them seem promising in terms of early expression and specificity. Untargeted Matrix-Assisted Laser
Desorption/lonization Mass Spectrometry (MALDI IMS) imaging was also evaluated. These methods need to be tested and validated for application
in routine postmortem diagnosis. The interpretation of immunohistochemical staining should consider cardiopulmonary resuscitations and other agonal
events that may affect marker expression. Current insight is that immune stains cannot reliably detect myocardial ischemia at an earlier time point than
conventional staining. However, they can be valuable for the confirmation of diagnosis and demonstration of the extent of myocardial necrosis in the
heart.

The potential genetic origin of cardiac pathologies involves the forensic pathologist in the multidisciplinary management of surviving family members.
The role of the forensic pathologist is to perform and store the postmortem samples according to legal and ethical guidelines and orients the relatives
of SCD’s victims to the genetic counselling. Most of the laboratories today use Next Generation Sequencing (NGS), and it is possible to screen several
genes at the same time, but the interpretation of the results requires a close collaboration with clinicians.

In forensic investigations, a significant progress has been made with the introduction of modern radiological methods, such as Multiple Detector
Computed Tomography (MDCT), MDCT-angiography, and cardiac Magnetic Resonance Imaging (MRI). These methods are also practiced for
cardiovascular pathologies, mostly ischemic heart disease. The advantages and disadvantages of various radiological methods for whole-body imaging
are related to logistic and financial questions, as well as those concerning the image quality. The training necessary to interpret postmortem radiological
images is a subject of discussion. The question concerning the value of minimally invasive autopsy techniques has appeared.

In sudden cardiac death cases, Postmortem Computed Tomography (PMCT) is helpful to estimate the heart size and to visualize hemopericardium,
calcified plaques and valves, as well as to identify and locate cardiovascular devices. Angiographic methods are useful to provide a detailed view of
the coronary arteries and to analyze them, especially regarding the extent and location of stenosis and obstruction. In post-surgical cases, it allows
verifying and document patency of stents and bypassing grafts before opening of the body. Postmortem Magnetic Resonance Imaging (PMMRI) is
available in only a few academic centers and is practiced to investigate the soft tissues, such as the myocardium; Postmortem Magnetic Resonance-
angiography (PMMR-angiography) is today in development; detection of myocardial ischemic injury in PMMRI has been reported, but images are
susceptible to being affected by postmortem changes, and further work is ongoing in order to increase understanding of radiological aspects of the
ischemic myocardium. In violent and post-surgery cases, the value of postmortem imaging of the heart is reported essentially for diagnostic and
documentation purposes. It is recognized that postmortem radiological examination is most often not sufficient to establish the exact cause of cardiac
death and, at present, autopsy remains the gold standard.

Postmortem Radiology, Sudden Cardiac Death, Postmortem Genetic Testing
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W8 A Decade Later: The State of Florida v. Casey Marie Anthony Revisited—Truth? Justice? Both? Neither?

James J.C.U. Downs, MD*, forensX, LLC, Savannah, GA 31406; Anjali A. Ranadive, JD*, SciLawForensics, Ltd, Brookings, SD 57006; Linda Kenney
Baden, JD*, New York, NY 10019; Bruce A. Goldberger, PhD*, University of Florida College of Medicine, Gainesville, FL 32608; Neal H.
Haskell, PhD*, Rensselaer, IN 47978; Henry C. Lee, PhD*, University of New Haven, West Haven, CT 06516; Barry K. Logan, PhD*, NMS
Labs/Center of Forensic Science Research and Education, Willow Grove, PA 19090; Haskell M. Pitluck, JD*, Crystal Lake, IL 60014; Steven
A. Symes, PhD*, Mississippi Medical Examiner’s Office, MCL, Pearl, MS 39208; Jan C. Garavaglia, MD*, Burlington, WA 98233, Anne E.
Perez, PhD, Ohio University, Department of Biological Sciences, Athens, OH 45701

Learning Overview: After attending this presentation, attendees will be better able to consider differing interpretations of data specific to the presented
case as well as apply principles to the broader arena of the forensic sciences in general. The goal of this presentation is to help individuals to better
understand the forensic practitioner’s role in evaluating the evidence and the propriety of the outcome and to evaluate the analyst’s role in the overall
totality of the case. Ultimately, the forensic analyst, regardless of discipline, should understand his/her duty to the truth and objectivity above all else.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing attendees with the
knowledge to allow them to better understand and articulate the nature of their role in forensic cases and to apply that comprehension, whatever the
overall outcome of a case. In addition, attendees will be better positioned to effect positive change to ensure that impartial, objective scientific and
medical analyses are employed in casework and testimony.

July 15, 2008: “The happiest place on earth.” A decade ago, the case that would captivate a country begins with a simple phone call. A woman contacts
the local police to report her granddaughter had been missing for a month.

October 14, 2008: The girl’s mother is indicted for first-degree murder, even though, to that point, no body has been found.

December 11, 2008: The badly decomposed body is found in a wooded bog just down the street from the family’s home. After extensive forensic work
and investigation, with the homicide determined to be due to “undetermined means,” the venue moves to the courtroom for the death penalty case two
years later, in May 2011.

Under the glare of television lights, the high-profile trial of the day began in earnest. The recent explosion of social media changed forever the nature
of such cases. With the surging popularity of infotainment, the public followed the case—many with minds fully decided as to guilt or innocence of
the accused (who came to be known as “the most hated woman in America”) prior to opening statements or even the first witness being heard. The
public literally took to the streets to stand in line for a chance at courtroom seats. The diametrically opposed versions of events played to a packed
house in what became a theater of the courtroom.

The indisputable facts of the case remain clear and simple: a 2-year-old toddler disappeared and her then-22-year-old single mother never reported her
missing. The mother subsequently lied to investigators, inventing a non-existent theme park job, a “Zanny the nanny,” and a conversation with the
child (the very day she was reported missing).

The state presented extensive investigative and forensic evidence. The defense countered with allegations of unproven science and bias. The focus
quickly shifted to a battle of experts. The defense suggested alternate theories to account for some of the findings. Tensions between the sides ran so
high that the judge ordered that neither side could disparage the other and had to admonish counsel during closing arguments. After a six-week trial,
the mother was acquitted of murder but convicted on four misdemeanor counts.

This session will examine forensic and legal aspects of this contentious trial and verdict. The multidisciplinary analysis includes critical players from
the actual trial and a distinguished group of other experts. Disciplines covered include forensic pathology, anthropology, toxicology, entomology,
criminalistics, and jurisprudence. Experts are expected to occasionally have widely varied perspectives and opinions regarding case materials and
analyses; however, differences in professional opinions should not be clouded by unrelated issues. In an effort to seek a fuller, objective understanding
of the case and what happened, the speakers will attempt to distinguish fact from allegation, insinuation, suspicion, etc. An important issue in this case
is defining the line separating accepted forensic expertise from mere opinion and understanding that such a line may not, in fact, be clear. An often
underappreciated codicil is: “Who is best qualified to establish such a line?”

With the blurred edge between fact and supposition and with the polarization of opinions regarding this case and its outcome, it is hardly surprising
that this tragic case can still serve as a valuable example for the forensic practitioner. A decade later, interest in the case remains high—as does emotions
regarding the case. Some bemoan what they describe as a “fantasy of forensics” and a “free-for-all of forensics” targeted at convicting the accused.
Others wonder how on earth an abundance of compelling evidence of guilt could have resulted in the verdict. The distinguished seminar faculty will
present divergent views of the facts of the case and their interpretation. In the end, only the jurors know the answer to the questions of “Why?” and,
ultimately, “Was justice served?”

Casey Anthony, Objectivity, Decomposition
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W9 Deciphering Complex Electrostatic Detection Device (EDD) Impressions

Mark Goff, BA*, MSP Lansing Laboratory, Lansing, MI 48913; Jennifer Furman, MFS, Springfiled, VA 22152

Learning Overview: The goals of this workshop are to provide attendees with the knowledge, skills, and abilities to create layered images for the
decipherment of complex impressions developed by EDD using commonly available digital imaging software. These skills will be demonstrated on
multiple and widely varied examples of real-world problems that benefit from this method.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a methodology that will
increase the accuracy of interpretation of impressions developed by EDD and a reduction in the cost of these examinations in material and time.

Examining EDD-developed impressions with digital image layers expands on previous methods of tracking sourced impressions and imaging
techniques. Early techniques of removing interfering images from EDD lifts, such as embossed writing or impressions sourced to available writing,
required complex photography to subtract these interfering impressions. A subsequent technique involved the creation of multiple transparencies to
create overlays. These transparencies were then stacked on top of each other to account for sourced impressions and interfering embossed writing.
While both methods are effective, they can be resource and labor intensive.

This workshop will teach a modern approach to the transparency method for tracking sourced impressions using Adobe® Photoshop® layers. This
workshop will demonstrate how creating layer masks of available writing and common sourced impressions can be used to account for impressions
from multiple documents. This method can also be used to demonstrate the orientation of the impressions when created, reveal unsourced impressions
in documents containing complex impressions, and associate documents containing impressions from a common source.

Practical applications of this method include: subtracting impressions of visible writing from preceding pages and following pages of sequential
documents to account for unsourced impressions from missing pages; differentiating embossed writing from writing impressions; and separating
“layers” of complex impressions in the same document. Additionally, this method can also be very helpful when trying to determine if impressions
were created contemporaneously. The final layered image creates a powerful interactive demonstrative product for court testimony.

As a skills workshop, it is paced to maximize the amount of time spent working with imaging software using hands-on examples to ensure these
techniques can be used when the attendee returns to the work site.

Documents, EDD, Impressions
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W10 DNA Mixture Interpretation Principles: Observations From a National Institute of Standards and
Technology (NIST) Scientific Foundation Review

John M. Butler, PhD*, NIST, Gaithersburg, MD 20899; Sheila Willis, PhD*, NIST, Gaithersburg, MD 20899; Melissa K. Taylor, MA*, Gaithersburg,
MD 20899; Rich Press, MESc*, NIST, Gaithersburg, MD 20899; Hariharan lyer, PhD*, Gaithersburg, MD; Peter M. Vallone, PhD*, NIST,
Gaithersburg, MD 20899-8314; Bruce J. Heidebrecht*, Maryland State Police, Forensic Sciences Division, Pikesville, MD 21208; Jennifer
Gombos Breaux, MFS*, Clarksburg, MD 20871; Eugene Y. Lien, MS*, New York City Office of Chief Medical Examiner, New York, NY 10016;
Keith Inman, MCrim*, Department of Criminal Justice Administration, Hayward, CA 94542; Roger Frappier, MSc*, The Centre of Forensic
Sciences, Toronto, ON M3M 0B1, CANADA; Charlotte J. Word, PhD*, North Chesterfield, VA 23235-0153; Lisa C. Schiermeier-Wood, MS*, VA
Dept of Forensic Science, Richmond, VA 23219; Joel D. Sutton, MSFS*, United States Army Criminal Investigation Laboratory, Forest Park, GA
30294; Robin W. Cotton, PhD*, Boston University School of Medicine, Boston, MA 02118; Jack Ballantyne, PhD*, University of Central Florida
Department of Chemistry, Orlando, FL 32816-2366; Ray Wickenheiser, MBA*, New York State Police Crime Laboratory System, Albany, NY
12226-3000

Learning Overview: After attending this presentation, participants will better understand the principles involved with DNA mixture interpretation,
knowledge of core foundational literature supporting these principles, and approaches to establishing interpretation guidelines for DNA mixtures,
including approaches that involve probabilistic genotyping software.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by discussing the importance of having
documented research and validation studies to support measurement and interpretation claims in forensic science.

DNA mixture interpretation has become more challenging in recent years due to several factors, including submission of more touch evidence samples
to aid investigations and the generation of more sensitive DNA test results with new Short Tandem Repeat (STR) typing kits. This sensitivity enables
recovery of DNA results from low quantities of biological material. However, the Polymerase Chain Reaction (PCR) signal amplification process,
which provides the DNA test sensitivity, also introduces artifacts into the resulting data, such as stutter products, as well as ambiguity in the form of
allele drop-out, allele drop-in, and heterozygote imbalance that occur due to stochastic effects. These artifacts, combined with allele sharing among
contributors to the mixture, make pairing contributor alleles into their donor genotypes more difficult and increase uncertainty associated with the
mixture interpretation process. Probabilistic genotyping software programs are being implemented in many laboratories to aid evaluation of low-
template DNA results, either from single-source samples or trace components of mixtures.

The NIST has been congressionally-funded to perform scientific foundation reviews of select forensic disciplines. These reviews are intended to
establish what is well-known and well-supported empirically in a forensic field and identify gaps that need further study. DNA mixture interpretation
was selected as the initial NIST scientific foundation review, given the existence of abundant literature and a need expressed by members of the
community. Multiple interlaboratory studies conducted by the NIST and others have noted variability among accredited laboratories using validated
approaches on the same DNA mixture data.

Since September 2017, a NIST review team has been studying issues surrounding DNA mixture interpretation. An important goal of this project is to
identify, consolidate, and share core principles and supporting publications with the community to encourage deeper learning and understanding of
DNA mixture interpretation. More than 500 articles related to DNA mixture interpretation have been gathered and examined to better understand
capabilities and limitations as reflected in the scientific literature. An external DNA Mixture Resource Group, composed of 13 experienced practitioners
and technical leaders, has provided valuable input and feedback to the NIST team on a regular basis. Findings from this study will be shared, along
with primary considerations identified.

The report from this study, entitled DNA Mixture Interpretation: A NIST Scientific Foundation Review, is in the process of being written to cover a
variety of topics in seven chapters. Chapter 1 introduces the need and approach to the study. Chapter 2 provides historical perspective and reviews
current methods for DNA mixture interpretation. Chapter 3 discusses the NIST review team efforts and input received from outside experts along with
data sources and literature evaluated. Chapter 4 covers case context and relevance issues important to high sensitivity methods where DNA transfer
and persistence are possible. Chapter 5 examines measurement uncertainty issues and notes some approaches to helping validation studies become
more performance-based rather than task-driven. Chapter 6 explores capabilities and limitations of new technologies, along with forces at play that
influence acceptance and adoption of new approaches, and touches on training challenges and needs going forward. Chapter 7 summarizes key
takeaways and considerations to help the field move forward. The report Appendix contains an in-depth reference list with annotated foundational
articles.

DNA, DNA Mixtures, DNA Evidence Interpretation
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W11 Interpreting Blunt Force Injuries in Bone: A Hands-On Approach

Steven A. Symes, PhD*, MS Medical Examiner’s Office, MCL, Pearl, MS 39208; Ericka N. L’Abbe, PhD*, University of Pretoria, Pretoria 0001,
SOUTH AFRICA; Mark M. LeVaughn, MD*, Office of the Chief Medical Examiner, Pearl, MS 39208; Anastasia Holobinko, PhD*, Mississippi State
Medical Examiner’s Office, Pearl, MS 39208; Cortney N. Hulse, MA*, Reno, NV 89503; James J.C.U. Downs, MD*, forensX, LLC, Savannah,
GA 31406

Learning Overview: After attending this presentation, attendees will have: (1) participated in several hands-on analyses of blunt force injuries of
processed cranial and postcranial remains; (2) received peer and facilitator feedback on their analyses and interpretations; (3) acquired knowledge from
a forensic anthropologist and pathologist on how fracture biomechanics methodology is used to interpret and validate fracture patterns and total body
trauma in a medicolegal environment; and (4) experienced common errors in analysis and interpretation of broken bones.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing attendees with hands-on
experience in analyzing blunt force injuries. Mentored, real-life case experiences are necessary for practitioners to develop expertise within their
discipline. Informal, or formal, mentorship is crucial for novices to develop the schema and attitudes necessary for expertise development and self-
regulated learning. Practitioners who encountered constraints in their work environment, such as a lack of skeletal resources and/or role models, express
disappointment in their work, are less skilled, and are less confident than their mentored peers. In this workshop, current theoretical knowledge will be
applied by practitioners and facilitators to assist attendees in using this knowledge in describing and interpreting bone fractures within a medicolegal
investigation.

Anthropologists and pathologists are increasingly requested to analyze and interpret bone trauma in a medicolegal setting, but many professionals
remain hesitant, ineffective, or unable to adequately address skeletal trauma. Blunt injuries are the most common in a medicolegal setting, with many
practitioners receiving little diagnostic training. The absence of the proper utilization of skeletal trauma analysis may be attributed to a lack of
understanding of bone biomechanics and exposure to casework and, in many institutions, an absence of adequate reference material from which to
learn. Knowledge of basic biomechanics and fracture pattern recognition, with some exceptions, is key to the accurate interpretation of trauma in the
human skeleton. Many anthropologists and pathologists learn theoretical bone trauma principles as well as research biomechanics and traumatic injury
to bone. However, few practitioners are exposed to the cases in which this theory needs to be accurately applied and in which not all factors involved
in producing the injury are known or can be identified.

The approach that allows for the interpretation of fractures lies in the biomechanical response of bone to an injury. “Biomechanical response” refers to
the bone’s reaction to stress/strain. Under stress, a bone bends elastically and, if the stress dissipates, the bone will return to its original shape. However,
if the stress continues and a fracture occurs as expressed in plastic deformation, then the bone will consequently fail. Fracture characteristics, such as
compression, tension, and shear, can be used to infer particular features of the force. These are the speed of the force, its duration, its size and strength,
and the direction of the force. Simply put, assessing biomechanical forces generates far more interpretable data than “the bone was ‘pushed in” here.”
Bending bone is the root cause of the majority, if not of all, fractures. Therefore, the biomechanical results are predictable, interpretable, and invaluable
for forensic anthropologists and pathologists.

Blunt Force Injuries, Osteology, Total Body Trauma Pattern
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W12 Voluntary Consensus Standards—Where They Come From and What They Mean for You

Lucy A. Davis, BHS*, LDH Consultants, LLC, Pikeville, KY 41501; Sharon K. Stanford, BA*, American Dental Association, Homewood,, IL 60430;
Teresa Ambrosius, BA*, AAFS, Colorado Springs, CO 80904; Daniel G. Smith, MA*, ASTM International, Hatboro, PA 19040; Michael Wixted, MA*,
National Fire Protection Association, Quincy, MD 02169; Jennifer F. Limoges, MS*, New York State Police, Albany, NY 12226-3000; Kenneth
W. Aschheim, DDS*, New York, NY 10065; Kris C. Cano, MA*, City of Scottsdale Police Department, Scottsdale, AZ 85257; Christine Funk,
JD*, Saint Paul, MN 55102; Vincent J. Desiderio, Jr., MS*, United States Postal Inspection Service, Washington, DC 20260

Learning Overview: The goals of this presentation are to educate attendees on the process and products of different forensic Standards Developing
Organizations (SDO) and provide practical examples from experts on the application of consensus standards to different forensic disciplines.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing education regarding the
development of consensus-based standards and the emerging role those standards may have as laboratories begin to implement them.

The 2009 National Academy of Sciences Report on the status of forensics in the United States highlighted private sector standards as fundamental keys
to a more effective forensic foundation across the country.! The Report emphasized the need for standards to shore up gaps in communications among
field practitioners, testing laboratories, crime investigators, and the courts. The Organization of Scientific Area Committees for Forensic Science
(OSAC) was formed to facilitate the development of technically sound forensic science standards and promote the adoption of those standards by the
forensic science community. Many of the documents developed by OSAC committees are submitted to an SDO to undergo their accredited procedures
for public comment and due process.

Voluntary Consensus Standards can seem like scary creatures. Rumors are flying regarding how they are developed in back alleys and that forensic
scientists will be shackled with them and their evil ways for eternity. This workshop is designed to dispel those myths and rumors and promote peace
and understanding between the forensic and standards worlds. Four SDOs that have published standards related to the forensic science will present
information concerning standards and their organizations’ processes. The American Dental Association (ADA) will provide an overall view of the
nature of standards as a language that ensures product consistency and compatibility, allows for equitable competition, technology dissemination, and
public welfare across multiple disciplines internationally, including how to include the perspectives and needs of all stakeholders. The AAFS Academy
Standards Board (ASB) will discuss their standards development process and provide an overview of their operations and committee structure and will
share examples of how of their standards and best practices are used in the forensic community. The American Society for Testing and Materials
(ASTM) International will provide an overview of their Committee E30, their standards development process, and how resulting standards are used.
The National Fire Protection Association (NFPA) will also present their processes and standards. After a question-and-answer period with the SDO
representatives, forensic science practitioners will discuss their experience with standards within their disciplines. AAFS members who deal with
toxicology, odontology, DNA, and trace material will provide practical examples of how standards are, or may be, applied to their professional practices
in forensics. Also, a lawyer will present her prospective of standards and the application of them from the jurisprudence perspective. Another discussion
period will be held with this panel.

The forensic science community should understand what consensus-based standards are available, how to apply them to real-time forensic practices,
and adapt their methods, technology, and terminology to adopt the standards as they become available. The standards being developed will influence
the future perception of forensic science applications and may become the basis for legal acceptance, accreditation, and certification programs. By
individual forensic scientists understanding the standards development process and finding ways they can become actively involved in that process,
they may better support and facilitate the adoption of the standards in their everyday work procedures.

Presentations and remarks of the panelists will enable attendees to understand the changing forensic landscape marked by the introduction and
application of consensus-based forensic standards and development process. These presentations will present current and potential activities related to
the development and application of consensus standards for forensic uses.

Reference(s):
1. National Research Council. 2009. Strengthening Forensic Science in the United States: A Path Forward. Washington, DC: The National
Academies Press. https://doi.org/10.17226/12589.

Standards, Standard Developing Organizations, OSAC
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W13 Statistical Interpretation Software for Friction Ridge Skin Impressions: FRStat

Anthony Koertner, MS*, Forest Park, GA 30297; Henry J. Swofford, MSFS*, Forest Park, GA 30297

Learning Overview: After attending this workshop, attendees will be familiar with a novel method for calculating the strength of fingerprint evidence
using a statistical interpretation software, FRStat, developed by the United States government.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by providing participants with the
knowledge, skills, and abilities to provide a statistical foundation to latent print examinations using FRStat software to ensure examinations are
conducted and conclusions are articulated in a more scientifically defensible manner.

Over the years, the forensic science community has faced increasing amounts of criticism by scientific and legal commentators, challenging the validity
and reliability of many forensic examination methods that rely on subjective interpretations by forensic practitioners. As noted in 2009 by the National
Research Council (NRC) of the National Academies of Science (NAS) and more recently by the President’s Council of Advisors on Science and
Technology (PCAST), a main concern is the lack of any empirically demonstrable bases to substantiate conclusions from pattern evidence. This limits
the ability for the judiciary to reasonably understand the reliability of the expert’s testimony for the given case. Consistent with several academic
commentators, both the NRC and PCAST strongly encouraged the forensic science community to develop tools to evaluate and report the strength of
forensic evidence using validated statistical methods. While these concerns apply to nearly every pattern-evidence discipline, the forensic fingerprint
discipline has received most of the attention because fingerprint analysis is one of the most widely used techniques in the criminal justice system. As a
result, numerous methods and models have been proposed to provide a statistical estimate of the weight of fingerprint evidence. However, none have
been widely accessible to the forensic community, thus prohibiting their ability to be further evaluated or implemented into routine casework.
Consequently, forensic science laboratories throughout the United States have been unable to adequately address the concerns raised by the NRC and
PCAST by demonstrating the reliability of fingerprint evidence for the case at hand.

Over the past few years, the Defense Forensic Science Center’s (DFSC) United States Army Criminal Investigation Laboratory (USACIL) has taken
incremental steps toward the development, validation, and implementation of a method, FRStat, which facilitates the evaluation and reporting of the
statistical strength of fingerprint evidence. In March 2017, the USACIL implemented FRStat into routine casework and began reporting the statistical
strength of fingerprint evidence within the military criminal justice system. Now, FRStat is the only method known to be in operational use within the
United States that provides the capability of ensuring that the strength of fingerprint evidence is evaluated with an empirically grounded basis.

Through a combination of lectures, group discussions, and practical exercises, this presentation will provide an overview of rudimentary statistical
concepts relevant to FRStat, discuss the development, validation, and implementation of FRStat, and provide instruction on how to appropriately
interpret, report, and testify to the FRStat results.

The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the
United States Department of Defense or United States Department of the Army.

Fingerprints, Statistics, Probability
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W14  Classifying Unknown Human Mandibles Using the Statistical Procedures and Worldwide Databases
Available in (hu)MANId

Gregory E. Berg, PhD*, DPAA Identification Laboratory, Joint Base Pearl Harbor-Hickam, HI 96853-5530; Michael W. Kenyhercz, PhD*,
Department of Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96816

Learning Overview: After attending this presentation, attendees will better understand how to use (hu)MANId, a free, web-based Graphic User
Interface (GUI) that allows the user to classify the sex and ancestry of an unknown mandible. Attendees will learn about the three primary statistical
classification models available in GUI: linear discriminant analysis, mixture discriminant analysis, and random forest modeling. In-depth discussions
detailing how to take appropriate measurements and score the morphology will be presented, culminating in hands-on practice using provided
specimens and follow-on classification using the program.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving the understanding of how
metric and morphological data from the human mandible can be used for determining sex and ancestry for unknown specimens via the free, easy-to-
use GUI, (hu)MAN:id.

This workshop is designed to improve the ability of the forensic anthropologist to conduct sex and ancestry assessments using the human mandible via
a relatively newly released GUI, (hu)MANId. As is well known, most of the prominent categories of the biological profile (sex, age, and ancestry) can
be addressed from the mandible, yet it has received little attention over the years. Indeed, many computer programs have focused on the cranium for
sex and ancestry assessment, but none have effectively addressed the potential of the mandible for making these determinations. Further, few, if any,
programs incorporate both metric and morphoscopic data into the same model. (hu)MANId fills this gap in the forensic anthropologist’s tool Kit.

(hu)MAN:Id is an R-based GUI that allows the user to quickly and easily process mandibular metric and morphoscopic data. The GUI provides the user
with the ability to classify a mandible into one of 26 different geographic or temporal reference populations, or into one of several composite global
groups. Access to (hu)MANId is easy through the internet and is available freely at www.anthropologyapps.com. It is not necessary to have R installed
on the host computer to use this program.

Prior research has demonstrated that the mandible has a high accuracy rate for sex estimation and depending on the group(s) and statistical approach
used, very high classification rates for ancestry estimation. Tests using (hu)MANid have shown the mandible to achieve sex and ancestry estimations
on par with many currently available methods. Using random forest modeling, newly released in (hu)MANid, mandibles often classify to their
respective groups with greater than an 85% accuracy rate (depending on the number of variables available for analysis and groups selected). Finally,
the intra- and inter-observer error rates are very low for metric measurements and morphological scores of the mandible, indicating a high reliability
between practitioners across cases.

As with any new tool, it has been found that there is a learning curve associated with it—partly from the additional statistical capabilities that this
program has over the more standard and familiar forensic applications, as well as from some common misunderstandings of how to measure and score
mandibles. With these issues in mind, this workshop will cover the following areas: how to appropriately measure and score a mandible; how to use
the (hu)MANId (e.g., everything from how to enter a case to how to print out the results); a discussion on discriminant analysis (both linear and mixture)
do’s and don’ts, introducing the new capability of random forest modeling within the GUI; and suggestions on case workflow to effective results. The
mistakes on measuring and scoring mandibles, result interpretations, statistical considerations, and the use of non-standard data collection possibilities
will be highlighted.

The workshop is comprised of lecture and hands-on training that will cover everything from data collection to analysis and reporting of results by the
attendees. This will provide the opportunity to (re)learn skill sets that may not be used often, practice those skills on a variety of mandibles, and practice
using (hu)MANId for data analysis. Initial data collection and analysis will be conducted at the attendee level, then an interactive discussion with the
entire audience will be held to generate additional questions and answers. Experienced practitioners will be available throughout the hands-on portion
to answer questions, provide instant feedback, and discuss options.

Mandibles, Classification Programs, (hu)MANid
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W15 So You Want to Publish? A Basic Primer and Introduction to Forensic Publishing

Rachel Hamilton Walton, EdD*, Price, UT 84501; Katherine M. Brown, PhD*, Tarleton State University, Bryan, TX 77807; Mark A. Listewnik,
MA*, Taylor and Francis, Boca Raton, FL 33487; Jenny Cossham, MS*, John Wiley & Sons Ltd, Chichester, West Sussex PO19 8SQ, UNITED
KINGDOM; Michael A. Peat, PhD*, The Woodlands, TX 77381; Alexander J. Smith, MA*, Elsevier, Kidlington, Oxfordshire OX51GB, UNITED
KINGDOM

Learning Overview: After attending this presentation, attendees will have a basic understanding of how to: (1) determine whether their proposed topic
is suitable for publication; (2) identify and contact a publisher; and (3) work with the publisher through the publication process. Participants will attain
a foundation of journal and book publishing. In addition, attendees will be able to identify the differences between publishing styles and formats and
the differences in book, chapter, or journal requirements.

Impact on the Forensic Science Community: Publication of research and findings is essential for open review and discussion by those engaged in
the forensic sciences. This presentation will impact the forensic science community by educating participants who desire to publish their forensic work
in the solicitation, acquisition, and editing phases of the process for journal or textbook publication. This presentation will assist in furthering
communication and enhancing awareness among scientific professionals and disciplines.

Having published a textbook or peer-reviewed journal article is a professional accomplishment that acknowledges your skill and expertise in a topical
field. Publication not only establishes or furthers writing credentials, it may assist in professional promotion or other recognition of the work. Academia
usually requires publication for granting tenure and promotion, and publication in the AAFS Journal of Forensic Sciences or other areas that further
the forensic sciences may assist in meeting criteria for membership promotion within the Academy.

The forensic sciences are in a continuous state of discovery, evaluation, and re-evaluation of old and new forensic practices and techniques. As new
knowledge is gained, it needs to be shared with the forensic science community. Publication in chapters, books, and peer reviewed journals is a primary
means by which information is disseminated. It is most likely that forensic students and practitioners across the international spectrum have, at one
time or another, thought about publishing in a peer-reviewed journal or a textbook. But lack of knowledge on how to proceed further has mystified and
undoubtedly inhibited many qualified forensic-oriented personnel from pursuing this avenue. The questions so often asked are: “How do | go about
being published?” “Where do | start?” “Where do | go?” How can | get help?” and “Who would be interested in my topic?”

This introductory workshop will answer these questions. It offers the participant the opportunity to obtain valid, first-hand answers to these hurdles,
and more. A panel comprised of representatives of forensic textbook and journal publishers will discuss questions proposed by a moderator. After each
representative has had an opportunity to respond to each question, attendees will have the opportunity to further pose questions from the floor. Attendee
participation is strongly encouraged. Panel members will present their perspectives on determining whether a prospective author has a marketable topic
and how to locate an appropriate publisher. The panel will guide attendees, in detail, through the start-to-finish aspects of forensic publishing. This will
include how to approach a publisher and suggested do’s and don’ts at this stage. Attendees will learn of the various types of editors involved in the
publication process, from solicitation of the manuscript to those involved through the review and proof process, the final editing stages, and then
publication.

As journal submissions are typically much different than those submitted for textbook format, the panel will offer further, specific guidance for
consideration and writing for a peer-reviewed journal submission. The discussion will clarify the difference and importance between a peer-reviewed
manuscript and one which is not subject to such. For both text and journal submissions, the attendee will further become aware of some of the legal
requirements for publishing as well. The panel will address the importance of credits and source citations and documentation. Inclusions such as
photographs or similar exhibits have separate permission requirements, and these will also be discussed.

Upon completion of this workshop, the attendee will have a better, more comprehensive understanding of what is involved in the publishing process.
This presentation will de-mystify the publication procedure and attendees will be better able to assess and review their work and their thoughts about
publication and will have the basic knowledge to make their dream publication a reality.

The presence of these representatives of forensic textbook and journal publishers in not an endorsement of their products or their firms by the American
Academy of Forensic Sciences, and all statements and opinions are their own and do not reflect the views of the AAFS.

Publishing, Forensics, Processes
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W16 Litigating Fingerprint Evidence: Ensuring Transparent and Sound Scientific Foundations

Henry J. Swofford, MSFS*, Forest Park, GA 30297; Anece Baxter-White, JD*, Defense Forensic Science Center/USACIL, Forest Park, GA 30297;
Brendan P. Max, JD*, Cook County Public Defender, Chicago, IL 60602

Learning Overview: After attending this workshop, attendees will better understand the basic tenets of scientific validity, understand how statistical
methods may be applied to non-DNA disciplines with specific emphasis on fingerprint evidence, and be better equipped to litigate cases involving
pattern evidence domains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing legal and scientific
practitioners to key issues concerning the examination, interpretation, and testimony of forensic pattern evidence domains and discuss a roadmap for
litigating forensic evidence to ensure expert testimony is transparent, empirically substantiated, and scientifically valid. This workshop will include
recommendations for laying the foundation for the introduction of pattern analysis evidence and discuss the challenges for its admission.

Fingerprint evidence has been admissible in legal proceedings for more than a century and practiced by nearly every forensic laboratory throughout the
world. Once viewed as the gold standard of forensic evidence, the fingerprint discipline, in addition to nearly every other forensic discipline, is
experiencing a great deal of turbulence as it navigates through the criticisms from the National Research Council (NRC), the President’s Council of
Advisors on Science and Technology (PCAST), and several other professional working groups and academic commentators. Although the forensic
fingerprint discipline was determined to be foundationally valid by the PCAST in 2016, questions remain regarding the validity of the methods when
applied to a specific case at hand. The primary concern is the legal field’s inability to assess the reliability of fingerprint comparison results for a given
case without validated statistical data concerning the strength of the findings, thus bringing into question the scientific validity of fingerprint evidence
and threatening its admissibility in criminal courts. These concerns have stimulated a great deal of healthy debate within the forensic fingerprint
discipline regarding how forensic science laboratories can move forward considering these criticisms and demonstrate the applied validity of their
methods so they may continue to serve the criminal justice community.

Through a combination of lectures and group discussions, this workshop will provide a candid assessment of the current state of the forensic fingerprint
discipline through the lenses of scientific validity, discuss existing gaps between the current state of the practice and the ideal future state of the science,
and propose a way forward for the forensic fingerprint community to navigate toward a stronger scientific foundation. As a result, forensic science
practitioners, laboratory leaders, forensic science policy makers, and criminal and civil litigators will have a much better understanding of the issues
related to traditional practices of fingerprint examinations, become familiar with novel methods that can be leveraged by forensic science laboratories
to promote more objective, transparent, and standardized practices, and become better positioned to litigate and introduce forensic evidence and
advocate for appropriate improvements within their respective jurisdictions.

The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the
United States Department of Defense or United States Department of the Army.

Litigation, Fingerprint, Scientific
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W17 A Think Tank on the Leading Edge of Forensic Science: Big Data, Head Trauma, Risk Evaluation, Drones,
Video Analysis, and Disruptive Technology

Laura L. Liptai, PhD*, BioMedical Forensics HQ CA/FL, Moraga, CA 94556; Zeno J. Geradts, PhD*, Netherlands Forensic Institute, Den Haag, SH
2497 GB, NETHERLANDS; Curtis B. Coulter, JD*, Law Offices of Curtis B. Coulter, PC, Reno, NV 89501; Victor W. Weedn, MD, JD*, George
Washington University, Washington, DC 20007; Anthony M. Hallett*, Unmanned Response, Inc, Beaver, PA 15009; Stephanie Domitrovich, JD, PhD¥*,
Sixth Judicial District of PA, Erie, PA 16501; Mary E.S. Case, MD*, St. Louis County Medical Examiner, St. Louis, MO 63134; Scott Blair, JD*, Brain
Injury Law of Seattle, Edmonds, WA 98020

Learning Overview: After attending this presentation, attendees will better understand the various new advances in forensic science that may have an
impact on their work. The goal of this presentation is to reveal new developments that revolutionize forensic science and explain how these
developments may impact the work of forensic scientists. Practical examples will be presented on big data, head trauma, risk evaluation, drones, video
analysis and disruptive technology. This presentation will provide an overview of exciting new advances and open a forum for the discussion of issues
that may arise regarding these new developments that will ultimately impact the forensic science community. A wide variety of new technology that
will soon impact forensic science has been identified within the Think Tank Committee of the Forensic Sciences Foundation, Inc.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing the impact of new
developments on big data, head trauma, risk evaluation, drones, video analysis, and disruptive technology.

The benefits of real-time, onsite forensic investigations are multidisciplinary. New technology can increase the speed and efficacy of the criminal
justice system. However, the benefits of this technology can only be realized if the quality of the data can always be guaranteed and the findings can
be admitted by the court as proper forensic evidence. Efforts are being undertaken worldwide to innovatively develop integrated forensic platform
solutions that will allow for the investigation of human biological traces, the chemical identification of illicit drugs, and the study of large amounts of
digital evidence. The technological advancements that are revolutionizing forensic science could lead to a paradigm shift in which a new role of the
forensic expert emerges as the developer and custodian of integrated forensic platforms. A means to revolutionize resolution in court cases will be
presented by a legal innovator.

Another exciting topic is the use of drones in forensic science. You will see both the challenges and the opportunities that arise and how to further
integrate drones into the justice system. First responders regularly use drones to gather data and assess situations. The data obtained could benefit those
in the forensic, medical, or insurance profession. However, drones are also being utilized to conduct criminal matters. As a result, a protocol for forensic
scientists to examine captured drones is being undertaken.

Attendees will also investigate head trauma by studying the traumatic unconscious and how that affects forensic pathology as well as biomedical
engineering. There are numerous cutting-edge advancements in medical and biomedical forensics that can change the way one addresses head trauma
analyses.

Video footage can have a revolutionary effect on forensic engineering analysis. How can that footage be properly used and improperly abused?
Captivating examples will be presented.

Last, attendees will dive into how technology can be disruptive and the effect it has on the judicial system. A Pennsylvania judge will provide insight
into how judges and court personnel will adapt since the current legislature will not be able to anticipate every outcome of the changing technology.

Big Data, Head Trauma, Technology
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W18 Forensic Support of Fire Investigation: 1 Was Told There Would Be No Math

John L. Allen, PE*, ATF, Ammendale, MD 20705; Julia A. Dolan, MS*, ATF, Ammendale, MD 20705; David T. Sheppard, PhD*, ATF, Beltsville, MD
20705; Raymond Kuk, MS*, Forensic Science Laboratory, Beltsville, MD 20705

CANCELED
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W19 Multidisciplinary Techniques to Assist With Missing and Unidentified Persons Investigations

Noelle J. Umback, PhD*, Office of the Chief Medical Examiner, New York, NY 10016; Richard M. Thomas, PhD*, FBI Laboratory, Quantico, VA
22135; Glenn K. Bard*, PATCtech, Plainfield, IN 46168; Lori Bruski, BS*, University of North Texas Health Science Center, Fort Worth, TX 76107;
Lawrence A. Dobrin, DMD*, Office of the Chief Medical Examiner, Roselle Park, NJ 07204; Jonathan Hayes, MD*, Office of the Chief Medical
Examiner, New York, NY 10001; Bryan Johnson, MSFS*, Federal Bureau of Investigation, Quantico, VA 22135; Aden G. Naka, MSc*, Office of the
Chief Medical Examiner, New York, NY 10016; Angela Soler, PhD*, Office of the Chief Medical Examiner, New York, NY 10016; Brandon C.
Letts, PhD*, FBI Laboratory, Quantico, VA 22135; Patricia J. Aagaard, BS*, FBI Laboratory - CODIS Unit, Quantico, VA 22135

Learning Overview: The goals of this presentation are to provide an overview of the different techniques available to generate potential investigative
leads in missing persons cases and to assist with the identification of unknown individuals.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by increasing awareness of forensic and
investigative techniques utilized to provide support to unidentified and missing persons investigations.

Every year, thousands of people are reported missing to law enforcement agencies while the nation’s medical examiners and coroners catalog hundreds
of cases involving unidentified human remains. Historically, investigators have utilized forensic techniques as well as investigative methodologies to
link an unidentified decedent to a reported missing person. Oftentimes, it is necessary to employ a combination of techniques to obtain adequate
information to support an identification. Periodic updates regarding technological advances and new applications allow experienced investigators, as
well as novices, with the opportunity to consider additional strategies to assist with the identification process.

Workshop speakers include practitioners from state and federal agencies with specialized knowledge and experience in various disciplines including
anthropology, latent print examinations, data basing, odontology, DNA, pathology, and digital media exploitation. Presentations will highlight advances
in technology and new initiatives in the disciplines, as well as a variety of biometric repositories.

Anthropologists will discuss how skeletal material can provide biological profile information to narrow the list of possible missing person matches to
unidentified decedents, as well how documentation of skeletal anomalies and antemortem trauma can assist identification comparisons. Additionally,
skeletal remains can provide the template for forensic artists to create facial approximations for media releases to generate investigative leads.
Odontologists will explain how dental examinations and dental records contribute to the identification process. Pathologists will discuss the use of
tattoos and body modifications.

Many identifications are aided using national databases containing biometrics. The utilization of latent print and DNA comparisons have become
routine practices in unidentified and missing persons investigations. A new initiative that focuses on searching unknown deceased fingerprint cards
will be explored. Additionally, the Combined DNA Index System (CODIS), which compares the DNA profiles obtained from unidentified individuals,
missing persons, and relatives of missing persons, will be discussed, as well as new DNA technologies that will have an impact on human remains
investigations.

Additional database resources will also be discussed, including the National Missing and Unidentified Persons System (NamuUs), the National Crime
Information Center’s (NCIC) missing and unidentified indexes, and the Violent Criminal Apprehension Program (ViCAP).

A member from an Identification Unit will describe the importance of outreach efforts, such as Missing Persons Day events, and liaison with
stakeholders, such as the National Center for Missing and Exploited Children (NCMEC).

New advances in digital media exploitation will be presented, which will include a discussion on tracking human trafficking on the “Dark Web.”

Missing Persons, Unidentified Decedents, Human lIdentification
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W20 The Forensic Pathology of Gunshot Wounds

Jane W. Turner, PhD, MD*, St. Louis, MO 63104-2013; Nadia A. Granger, MD*, Monroe County Office of the Medical Examiner, Rochester, NY
14586; Juliette Scantlebury, MD*, St. Louis City Medical Examiners’ Office, St. Louis, MO 63103; Marianna Eserman, MD*, New Orleans, LA 70125;
MariaTeresa A. Tersigni-Tarrant, PhD*, Saint Louis University School of Medicine, St. Louis, MO 63104; Diane C. Peterson, MD*, Office of the
Jackson City ME, Kansas City, MO 64108

Learning Overview: After attending this presentation, attendees will be able to: (1) classify typical gunshot entrance and exit wounds; (2) differentiate
atypical gunshot wounds; (3) use new advances in gunshot residue analysis; (4) explain the pathophysiology of gunshot injury; (5) interpret bullet
tracks given different scenarios; (6) integrate forensic anthropology findings in bullet injuries and tracks; (7) review typical and atypical suicide gunshot
wounds; and (8) describe autopsy findings in an oral presentation as if testifying.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by increasing the competence of forensic
pathologists, forensic anthropologists, and other practitioners in examining, describing, correlating, and documenting gunshot injuries.

This is a course on gunshot injuries and related topics in the practice of forensic pathology. Having knowledge and experience with the evaluation of
gunshot wounds and related injuries is paramount in the practice of forensic pathology. In examining individuals with gunshot wounds, the forensic
pathologist must decide as to the cause and manner of death. Experience and knowledge in assessing these injuries is beneficial in many cases in
making these determinations.

The forensic pathologists and forensic anthropologist who are presenting the course have extensive experience in examining, evaluating, interpreting,
and documenting gunshot injuries. The instructors in this course combined have more than 50 years of experience, have examined several thousand
individual gunshot injuries, and have testified under oath in hundreds of criminal proceedings. The purpose of this course is to impart the knowledge
of these experienced practitioners to those who have only occasional cases involving gunshot injuries and to those who wish to refresh their training
and knowledge of gunshot wounds. The objectives of the course for the learner include distinguishing the different types of entrance wounds and exit
wounds; identifying graze and tangential wounds and other gunshot-related wounds; describing gunshot injuries, both typical and atypical; recognizing
atypical gunshot wounds and artifacts; observing findings related to gunshot injuries, including microscopic findings; assessing old gunshot wounds
and understanding the limits of interpreting entrance and exit wounds in some cases; applying forensic anthropology to the interpretation of trajectory
and injury; correlating scene findings with autopsy findings; appraising new practices in the evaluation of gunshot residue; distinguishing the various
firearm types, including those that are homemade; recognizing patterns of injury involving gunfire into a motor vehicle; determining the cause of death
in cases of multiple injuries; evaluating gunshot wounds in cases involving law enforcement; interpreting radiographs; providing interpretations of
trajectory given different hypothetical scenarios as in courtroom testimony; and evaluating typical and atypical suicide cases.

At the end of the course, participants will have the opportunity to participate in a practicum in which they review photographs of scenes and gunshot
wounds and provide their own interpretations and written or oral reports. Participants will provide a report in which they describe the X-ray findings,
location of injury, the type of injury based on the findings, the size and features of the injury, the track of the injury, the trajectory of the shot, the
internal damage caused by and/or related to the injury, the presence or absence of a bullet, and the pathophysiologic effect of the injury.

Gunshot, Wounds, Pathology
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W21 The National Transportation Safety Board (NTSB): Understanding and Preventing Impairment in
Transportation

Robert L. Sumwalt 111, MS*, National Transportation Safety Board, Washington, DC 20594; Jana M. Price, PhD*, National Transportation Safety
Board, Washington, DC 20594; Nicholas Webster, MD*, National Transportation Safety Board, Washington, DC 20594; Leah Walton, BA*, National
Transportation Safety Board, Washington, DC 20594; Philip M. Kemp, PhD*, Bioaeronautical Research Lab, Oklahoma City, OK 73169-6901; Russell
Lewis, PhD*, Oklahoma City, OK 73167; Marilyn A. Huestis, PhD*, Huestis & Smith Toxicology LLC, Severna Park, MD 21146

Learning Overview: After attending this presentation, attendees will be able to (1) describe how the NTSB conducts its investigations of aviation,
marine, rail, and highway events; (2) know the role of toxicology in the investigations; and (3) understand how this knowledge leads to
recommendations to improve transportation safety and prevent impairment.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the role of impairment
in NTSB investigations and the importance of toxicology in understanding the contribution of drugs to impairment.

In this workshop, the NTSB’s role in improving transportation safety, a historical overview, and current issues in transportation safety, as well as the
goals for the agency and its future, will be discussed. The steps the NTSB investigators take both while on scene at an event and afterward to document
the information necessary to understand potential impairment issues will be defined. With examples from recent and historical NTSB investigations,
the methods to collect and document evidence, including operator and witness interviews, medical and pharmacy records, toxicological evidence, in-
vehicle data, cell phone data, and physical evidence from the crash scene, will be provided. The criteria applied in the NTSB investigations to determine
if operator impairment contributed to the cause of a crash will be explained. Three case studies will provide examples of drug impairment: a truck
driver impaired by a prescription benzodiazepine and cannabis; a commercial balloon pilot impaired by a psychiatric condition and multiple prescription
medications; and a pilot of a light civil aircraft impaired by the effects of prescription and over-the-counter sedating antihistamines and heart disease.
The impact of safety recommendations on transportation will be explained. Three brief investigations produced safety recommendations regarding drug
impairment and drug testing. The status of these recommendations, as well as the advocacy actions addressing driver and operator impairment are
illustrated. The NTSB Most Wanted List items, such as impairment, which are eligible for additional advocacy support from the NTSB Board Members
and staff, will be explained, and the resources to further promote these items and drive implementation of the NTSB safety recommendations provided.
The toxicological road map for analyzing biological specimens collected in NTSB investigations will be outlined. The wide variety of biological
specimens and analytes required, their advantages and disadvantages, especially in trauma cases, required instrumentation, and recent trends and
potential future impairing drugs will be included.

Toxicological data from several challenging NTSB cases will be described to illustrate specimen testing procedures. Technical aspects of how forensic
toxicology is used in the analysis of NTSB investigations to develop probable cause will be illustrated. Toxicological findings in specific cases and
their contribution to probable cause will be portrayed. In an Amtrak® train rail crash involving a backhoe in Chester, PA, multiple drugs and medications
were identified in several individuals. The role the drugs played in the event and the determination of probable cause are discussed. In the conclusion,
the drugs did not contribute to the crash.

In the second case, the role of medications and the determination of probable cause of a light airplane crash in Abilene, TX, are described. This case
involved coordinated testing between two laboratories and the conclusion was that the identified drugs directly contributed to pilot impairment and
were part of the probable cause. Onsite biological specimen collection and testing now and in the future and how this might be helpful for NTSB
investigations will be presented. The advantages and disadvantages of alternative matrices and their role in transportation safety and the difficulties in
interpretation in these cases will be discussed.

NTSB, Drug Impairment, Human Performance
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W22 The Use of Dental Morphology in Forensic Anthropology

Marin A. Pilloud, PhD*, University of Nevada, Reno, Reno, NV 89557-0096; G. Richard Scott, PhD*, University of Nevada, Reno, Reno, NV
89557-0002; Rebecca L. George, MA*, University of Nevada, Reno, Reno, NV 89506; Christine M. Pink, PhD, Metropolitan State University of Denver,
Denver, CO 80217-3362

Learning Overview: After attending this presentation, attendees will be able to identify various morphological traits of the dentition that are relevant
to studies of human variation and forensic anthropology. Attendees will also be able to apply this knowledge to the estimation of ancestry using a newly
developed web-based application. Additionally, attendees will be introduced to a new database designed for the collection of dental data.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing attendees with applied
experience in the recordation of dental morphological variation and the application of these data in a statistical framework in which to estimate ancestry.

Dental morphology has been broadly used in biological anthropology to study human variation and explore research questions centered on migration,
social structure, and macro- and micro-evolution. Despite this research, these data have not traditionally been used within forensic anthropology outside
of the trait-list approach. However, recent research has shown that dental morphological data have much to offer the field of forensic anthropology.

This workshop will center on the use of dental morphological data and how it can be used as part of the biological profile. There are now methods to
employ these data to estimate ancestry within a robust statistical framework utilizing a worldwide reference sample. As these traits have not been
widely used in the discipline, training in the identification of dental morphological variants is lacking, and analysts have been hesitant to incorporate
these data into their analyses. While observer error is certainly an issue in employing these traits, with proper training, dental morphological data can
easily be included into forensic anthropological casework and research.

Presentations will begin with an explanation of the systems used to record dental variation and will outline the main traits used in describing human
variation. Proper tooth identification will also be briefly addressed. Analytical methods will then be discussed to include the correct application of these
data and statistical analyses. Attendees will be introduced to a custom database designed to record these data as well as to a statistical application to
estimate ancestry. Following these presentations, attendees will be provided the opportunity to apply this knowledge in the analysis of skeletal material
and casts. Participants will be guided through the process of dental trait scoring using the custom database presented, as well as using the web-based
application to estimate ancestry.

Dental morphology represents another aspect of the phenotype, and therefore the genotype, that can aid in the identification of an unknown individual.
Understanding the application of these data provides forensic anthropologists with one more method to employ in skeletal analysis, which may be
particularly important in difficult or fragmentary cases.

Ancestry Estimation, rASUDAS, Dental Non-Metrics
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W23 How to Measure and Reduce Drug Background Levels in Forensic Laboratories and Their Implications on
Safety and Data Integrity

Edward Sisco, PhD*, NIST, Gaithersburg, MD 20899; Marcela Najarro, MFS*, National Institute of Standards and Technology, Gaithersburg, MD
20899; Amber Burns, MS*, Maryland State Police Forensic Sciences Division, Pikesville, MD 21208; Kendra Broadwater, MS*, National Institute for
Occupational Safety and Hea, Cincinnati, OH 45226; Robert Kirkby, MS*, Michigan State Police, Lansing, M1 48913; Daniel E. Katz, MFS*, Maryland
State Police, Pikesville, MD 21208; Theresa DeAngelo, MS*, Maryland State Police Forensic Sciences Division, Pikesville, MD 21208; Joaquin
Cabrera, JD*, States Attorney's Office of Worcester County, Snow Hill, MD 21863; Susan M. Ballou, MS, Gaithersburg, MD

Learning Overview: The goal of this workshop is for attendees to understand the significance and benefits of characterizing the composition and
amount of drug background present in forensic laboratories. Attendees will learn: (1) about the recent work to establish drug background levels and
how the data can be interpreted for the implications on health and safety and for data integrity purposes; (2) what processes contribute to a higher drug
background and what controls and cleaning procedures can be implemented to reduce the potential for exposure; (3) what mechanisms laboratories are
considering to improve analyst occupational health practices and maintain data integrity through changes to policies and procedures; (4) strategies for
addressing drug background in court testimony; and (5) about analytical methods suitable to measure drug background levels and best practices required
to collect and analyze the samples.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by providing drug analysts, quality
managers, and laboratory directors with valuable information to make informed decisions on a range of topics, including identification of workflow
processes that contribute to elevated drug backgrounds, cleaning protocols that reduce drug background, exposure prevention controls such as Personal
Protective Equipment (PPE), and occupational health hazards from drug analysis.

Background monitoring is a common practice in many industries, such as pharmaceutical, food manufacturing, and healthcare, designed to address a
wide range of challenges, from cross contamination to health and safety concerns to regulatory and data integrity. Although background monitoring
has not typically been implemented in forensic laboratories, significant value can be drawn from knowing this data. For instance, the increased potency
of drugs (i.e., opioids) has led to the need for more sensitive analytical instruments capable of detecting these drugs in trace amounts; therefore,
characterizing the environmental background is critical. The basis for this workshop is a National Institute of Standards and Technology (NIST) -led,
multi-agency collaboration focused on establishing drug background levels in forensic laboratories and interpreting the data for implications on health
and safety and the data integrity of drug analysis. This workshop will provide foundational data on drug background levels measured in more than 20
forensic laboratories. This study quantified background levels using a targeted Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS) drug
panel. Samples were collected from a variety of surfaces in drug chemistry units, evidence-receiving units, and other units to establish the surface
concentrations throughout each laboratory. These measurements identified workflow processes that most contribute to background, such as taking net
weights of bulk powders. This presentation will inform attendees as to how laboratories are considering using this information to enhance their quality
assurance programs.

Measuring background levels leads to the question: What do these levels mean for the health of analysts and for the data integrity of drug analysis?
The National Institute for Occupational Safety and Health’s (NIOSH) Health Hazard Evaluation (HHE) program has begun working with forensic
laboratories to answer the first question and will be discussing the results of this work and providing broader suggestions regarding controls to improve
analyst occupational health practices. To address the second question, the NIST is working with forensic laboratories to develop methods to quantify
the limits of detection and reporting thresholds of their instruments such as Gas Chromatography/Mass Spectrometers (GC/MS). The goal here is to
determine whether background levels present concerns for the data integrity of drug analysis. Additionally, efforts to quantify the efficacy of different
cleaning agents, such as OxiClean™ and Dahlgren Decon, to reduce background will be discussed.

The final component of this workshop will provide participants with hands-on demonstrations and practice on how to properly sample surfaces within
their laboratories to collect background. Following best sampling practices is crucial to the accuracy of measurements and their interpretation. In
addition, attendees will be shown how Lateral Flow Immunoassays (LFIs) may be a robust and inexpensive way for laboratories to self-monitor and
make nominal background measurements.

Drug Analysis, Background, Occupational Health
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W24  Adult Skeletal Age Estimation: Transition Analysis Using the Entire Skeleton

Stephen D. Ousley, PhD*, Mercyhurst University, Erie, PA 16546; George R. Milner, PhD*, Pennsylvania State University, University Park, PA
16802; Jesper L. Boldsen, PhD*, ADBOU, Institute of Forensic Medicine, 5260 Odense S, DENMARK; Svenja Weise, PhD*, Institute of Forensic
Medicine, Odense, DENMARK; Sara M. Getz, PhD¥*, Idaho State University, Pocatello, ID 83209-8005

Learning Overview: After attending this presentation, participants will: (1) learn why attention must shift to many traits distributed throughout the
skeleton to improve age estimation; (2) understand the analytical approach needed to use these age-informative traits effectively; and (3) acquire a
basic comprehension of how to apply the procedure for generating age estimates.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing an accurate and precise
method of age estimation from the skeleton. Standard and frequently used procedures have long been known to yield inaccurate, biased (especially
beyond 50 years), and imprecise age estimates. The new procedure, based on a wide range of skeletal features and refined analytical methods, yields
far more accurate age estimates throughout all of adulthood. Attendees will learn how to apply the newly developed procedure, from scoring traits to
generating age estimates.

The new version of the Transition Analysis procedure introduced here, based on ca. 1,700 individuals from four continents, yields estimates of age
throughout the adult lifespan that are suitable for forensic use. The integrated approach features age-informative traits located throughout the skeleton,
incorporates improvements in the analytical approach to make full use of those traits, and features a computer program to implement computationally
intensive procedures.

This workshop begins with the logic and challenges of age estimation procedures, followed by a description of age-informative skeletal traits, the
definitions of which were refined through examinations of multiple collections, often over a period of years. Most of the skeletal structures will be
unfamiliar to forensic anthropologists who use standard methods focusing on pelvic joints, cranial sutures, and sternal rib ends. The skeletal traits are
largely scored as either absent or present, which simplifies and speeds up scoring skeletons while reducing inter-observer error. Also discussed is the
lengthy process of selecting traits that yield sufficient age-related information for inclusion in the procedure. Analytical procedures are then covered,
including the importance of age-at-transition curves that yield age-specific probabilities of moving from one stage to the next (typically absent to
present). Then, the use of the computer program for data entry and analysis are covered, including trait selection tailored to each skeleton. Results from
the new program are covered, including the use of regionally specific and global (all population) reference samples.

This session ends with hands-on exercises in which participants score traits and estimate age from skeletons. This part of the workshop will provide
opportunities to review and amplify points raised in previous lectures, and it will provide participants with a taste of what it is like to deal with real
cases.

Although the analytical procedure is computationally complex, the overall goal has been to make it simple to use. Entering data in the program is
straightforward, and the choice of which traits yield the most information in specific forensic cases are made automatically by the program. Thus, the
program facilitates the best use of available data for human remains that are incomplete.

Biological Profile, Skeletal Age Estimation, Transition Analysis
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W25 Low-Light Macro-Photography at the Crime Scene

Kevin J. Parmelee, PhD*, Northeast Crime Scene Institute, Piscataway, NJ 08854; Lauri Traub, JD*, The Law Office of Lauri Traub, LLC, Saint Paul,
MN 55101; Barry Jansen*, BMJ & Associates, Pittstown, NJ 08867
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Copyright 2019 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 _41 -




- Workshops — 2019

W26  Aspects of DNA Admissibility Hearings From the Prosecution, Defense, and Crime Lab Perspective

Craig O. O’Connor, PhD*, NYC Office of Chief Medical Examiner, New York, NY 10021; Florence Hutner, JD*, NYC Office of Chief Medical
Examiner, New York, NY 10016; Kristin Schelling, MS*, Lansing, Ml 48913; Danielle Grootenboer, JD*, Bergen County Prosecutor’s Office,
Hackensack, NJ 07601; John D. Schmid, JD*, Duluth, MN 55802

Learning Overview: After attending this workshop, participants will better understand the general aspects of preparing for a DNA admissibility
hearing from the lab, prosecution, and defense perspective. The panel discussion will include information and techniques that the various speakers use
to prepare for and conduct hearings.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by introducing participants to the challenges
faced in preparing for and conducting hearings and the overall impact of the admission or preclusion of various scientific techniques in a court of law.

Although admissibility hearings have long been a part of the judicial process, with the improvement of DNA testing techniques including enhancements
in sensitivity that permit the accurate testing of lower amounts of DNA, the use of increasingly sophisticated statistical analysis software, and greater
sophistication on the part of various stakeholders in the criminal justice system, the number of motions for admissibility hearings and actual hearings
has increased. As with any admissibility challenge, the result of the hearing not only affects the case at hand but also has, in some circumstances, far-
reaching impact on future techniques and cases.

The past 25 years have seen great strides in forensic DNA analysis. Improved evidence collection procedures and technology advancements have
enabled scientists to provide previously unimaginable scientific evidence in criminal cases. Next generation platforms, test systems, and methodologies
now provide scientists with the tools to reliably evaluate biological samples that consist of degraded, trace, touch, and/or contact DNA evidence. This
enables scientists to address questions that were never thought of just a decade ago, including in court. The ability to give statistical weight to these
different types of samples have greatly aided the judicial system but, like DNA testing in its infancy, have also led to admissibility questions. Educating
the prosecution and defense bar has become an integral part of the lab analyst’s duties. Additionally, articulating difficult molecular biology and
statistical concepts to a layperson in a court of law has also become more challenging.

This panel of subject matter experts will present their thoughts and experiences as they prepare for and go through admissibility hearings. Topics
covered will include contacting experts, gathering journal articles and court rulings, summarizing validation documents, as well as crafting questions
and responses that will adequately convey the reasons why the technique is or is not scientifically sound and generally accepted in the relevant scientific
community. This panel of experts will also discuss case studies, highlighting the challenges that were faced and how they overcame them.

Topics presented include: (1) general types of evidentiary admissibility hearings; (2) Frye/Daubert application to DNA evidence; (3) validation of
techniques in a lab that will lead to their introduction in a court of law; and (4) preparation for a hearing.

Admissibility Hearings, Frye/Daubert, Courtroom Challenges
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W27 Ethanol in Forensic Casework: Strategies for Analysis and Interpretation

Robert Kronstrand, PhD*, National Board of Forensic Medicine, Linkoping, Ostergotland SE 587 58, SWEDEN; Nikolas P. Lemos, PhD*, University
of California-San Francisco, Palm Springs, CA 92262-6451; Laura M. Labay, PhD*, NMS Labs, Willow Grove, PA 19090; Sherri L. Kacinko, PhD*,
Willow Grove, PA 19090

Learning Overview: The goals of this presentation are to provide the attendees with knowledge regarding ethanol absorption, distribution, and
elimination in humans and to provide a scientific basis for the interpretation of postmortem ethanol findings, as well as for the estimation of Blood
Alcohol Concentrations (BACs) from given doses and from analytical results in the living.

Impact on the Forensic Science Community: This workshop will impact the forensic science community by: (1) providing current knowledge in the
field of ethanol interpretation, thus enhancing the qualifications of forensic toxicologists practicing clinical and postmortem toxicology; and
(2) increasing the competency of other disciplines, such as medical examiners and lawyers/attorneys.

The focus of this workshop is interpretation of ethanol (and some other volatiles) and its direct metabolites and markers in driving under the influence
cases, violent crimes, and autopsy cases.

It is accepted that a toxicologist may report an extrapolated ethanol concentration in a blood sample collected from a living person. The context is
usually traffic accidents or sexual assaults in which the blood sample is obtained several hours after the incident. A prerequisite is that all ethanol has
been absorbed and that the person is in the elimination phase. A common approach for back extrapolation of ethanol concentrations is to use population-
derived elimination rates. However, using population data to calculate an individual BAC provides only an estimation. Both underestimation and
overestimation are equally important to recognize depending on the type of case. Therefore, the toxicologist must not only appreciate these
shortcomings but also communicate them to the court.

The intra- and inter-individual variation in ethanol kinetics after single and repeated intake of different types of alcohol will be discussed using data
from both controlled studies and case work.

A toxicologist may also be asked to estimate the dose of ethanol from body burden calculations or calculate the maximum BAC arising from a certain
dose. Again, these calculations are subject to intra- and inter-individual variation in absorption and distribution caused by drinking behavior, gastric
emptying, volume of distribution, and other factors that all should be considered when making such estimations. The scientific basis for estimations of
dose and BACs will be discussed in this context.

Ethanol is produced postmortem when bacteria and fungi ferment substrates, primarily glucose, to produce energy. The glucose is metabolized to
pyruvate, then converted to acetaldehyde. The acetaldehyde is then reduced to ethanol and transported out of the microbe. Ethanol is the main product
of microbial fermentation. However, acetaldehyde, acetone, acetate, 1-butanol, and N-propanol are examples of other volatiles produced.

In the presentation on postmortem ethanol analysis and interpretation, presenters will discuss the formation of ethanol and other volatiles and discuss
strategies for investigating this using different matrices and direct ethanol metabolites, such as ethylglucuronide and ethylsulphate and considering the
formation of other compounds. Results from controlled studies as well as data from cases will form the basis for the strategies proposed.

Alcohol, Ethanol, Interpretation
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W28 Forensic Multimedia Authentication: Real-Life Challenges and Solutions

Catalin Grigoras, PhD*, Denver, CO 80202; Zeno J. Geradts, PhD*, Netherlands Forensic Institute, Den Haag, SH 2497 GB, NETHERLANDS

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

Impact on the Forensic Science Community: This workshop will impact the forensic science community by: (1) explaining the scientific approach
in forensic media authentication; (2) demonstrating an authentication investigation framework; and (3) discussing tools used to 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. It will also demonstrate the incorporation of multiple tools and techniques into unified frameworks
appropriate in forensic examinations where reducing examiner bias and error is crucial.

This workshop will cover video and audio authentication analyses. The goal 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 is a video authentication framework, focusing on
camera verification/identification, and image and video attack detection. Photo Response Non-Uniformity (PRNU) are small artifacts of the sensor and
can be used as a type 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 deep fakes. 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.

In the second section of this 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, long-term averaged spectrum, long-term averaged sorted spectrum, compression level, and
Modified Discrete Cosine Transform (MDCT) analysis.

Multimedia, Forensic, Video and Audio
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Al Quantification of Age-Related Pubic Symphyseal Morphological Changes Based on the Analysis of Clinical
Multi-Detector Computed Tomographic (MDCT) Scans in Malaysian Males

Salina Hisham, MSc*, The University of Western Australia, Crawley, Western Australia 6009, AUSTRALIA; Nurliza Abdullah, MPath, Hospital Kuala
Lumpur, Kuala Lumpur 50586, MALAYSIA; Mohamad Helmee Mohamad Noor, MS, Baltimore, MD 21223; Daniel Franklin, PhD, University of
Western Australia, Crawley 6009, AUSTRALIA

Learning Overview: After attending this presentation, attendees will be familiar with a succinct description of ongoing research designed to quantify
age-related morphological changes that occur in the pubic symphysis based on the analysis of clinical MDCT scans (resolution range: 0.75-1.5mm;
87% @ 1.0mm). The study sample comprises 165 adult males drawn from a contemporary Malaysian population, with an age range of 15-83 years
(mean 37.82; SD £17.69).

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a preliminary evaluation
on the application of the Suchey-Brooks method to a Malaysian sample, thus highlighting the issue of population variation and the need to a develop
population-specific formula for forensic practice.

There is a paucity of population-specific data for Malaysian individuals due to a lack of documented human skeletal collections. As an alternative,
clinical MDCT scan databases are retrospectively evaluated as a source of “bone data” for forensic anthropological studies. The pubic symphysis is
known to be one of the most reliable indicators of adult skeletal age, based on the premise that the symphyseal surface of the pubis undergoes
metamorphoses as age progresses. Even though it was developed based on an isolated American sample, the Suchey-Brooks pubic symphyseal aging
method has been applied globally, including in forensic practice in Malaysia. Therefore, the goal of this study is to examine the relationship between
age and morphological change in the pubic symphyseal face, as visualized in CT images of a Malaysian sample, assessed following the six-phase
scoring system established by Brooks and Suchey.

Pelvic CT scans exhibiting normal pathology obtained from the Department of Radiology, Hospital Sultanah Aminah Johor, were retrospectively
evaluated. The anonymized scans (only age, sex, and ethnicity data are retained) were received in Digital Imaging and Communications in Medicine
(DICOM) format, then reconstructed into 3D images using RadiAnt™ DICOM Viewer 4.6.5. Visualization of the pubic symphyseal face was performed
using 3D volume rendering and the required morphology scored following the Suchey-Brooks method. Statistical analyses were performed using IBM®
SPSS version 25.0. Transition analysis (Nphases2 program) was also utilized to calculate age ranges for each of the defined phases.

Intra-observer error was quantified based on three repeated assessments of 50 individuals representing all age groups, with all evaluations conducted
within a one-month interval. Intra-observer agreement is excellent (k = 0.832). Spearman’s rho denotes a high correlation between age and phase
(r=0.947; P<0.01). These results indicate higher accuracy rates for all phases (SD +1.36-8.77 years) compared to the original work by Brooks and
Suchey in 1990 (Standard Deviation (SD) +2.1-12.2 years). Transition ages between phases 0 and 1, 1 and 2, 2 and 3, 3 and 4, 4 and 5, and 5 and 6
were reported as 18.95, 23.77, 29.24, 43.35, and 60.83 years, respectively (SD +4.135 years). These preliminary findings provide further empirical
evidence of the importance of population-specific anthropological standards, and a larger study is accordingly warranted to facilitate the formulation
of robust Malaysian standards for forensic age estimation.

Age Estimation, Pubic Symphysis, Malaysia
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A2 An Evaluation of the Inter-Observer Reliability of Aging Methods From the Pubic Symphysis

Tyler E. Dunn, MS*, Creighton University School of Medicine, Omaha, NE 68178; Sarah C. Kindschuh, PhD, Defense POW/MIA Accounting Agency
Laboratory, Offutt Air Force Base, NE 68113; Brittany S. Walter, PhD, Defense POW/MIA Accounting Agency Laboratory, Offutt Air Force Base,
NE 68113

Learning Overview: The goal of this presentation is to assess the inter-observer reliability of pubic symphysis scores for age estimation, to evaluate a
potential area of error in pubic symphyseal aging, and to quantify the comparative inter-observer variation between a component and phase-based
methods and among analysts with different levels of experience.!

Impact on the Forensic Science Community: This study impacts the forensic science community by reviewing the replicability of morphological
assessments used for age estimation from the pubic symphysis and by validating the inter-observer reliability of these methods for use in forensic
casework.

Any method applied to forensic casework must be proven valid and repeatable based on the Daubert standard; as such, an assessment of inter-observer
reliability is necessary to ensure that these methods have replicability acceptable for use in a forensic context. Pubic symphyseal morphology has a
long history of forensic applications and has the ability to provide relatively narrow age estimate intervals.>® McKern and Stewart devised a component-
based approach for age estimation from the pubic symphysis in which a summed composite score is calculated based on three independently evaluated
morphological areas of the symphyseal face: (1) the Dorsal demiface (D); (2) the Ventral demiface (V): and (3) the symphyseal Rim (R).2 The Brooks
and Suchey method of age estimation from the pubic symphysis is a phase-based system, which relies on the overall assessment of the symphyseal face
into one of six developmental phases.® The purpose of this study is to evaluate inter-observer reliability between these methods and to assess inter-
observer reliability among analysts with differing levels of anthropological experience for each method.

The study sample consisted of 167 os coxae from United States service members from the USS Oklahoma loss at Pearl Harbor on December 7, 1941,
identified at the Defense POW/MIA Accounting Agency (DPAA) Laboratory. All individuals were male, and damaged or pathologically altered pubic
bones were excluded from analysis. Eight analysts independently assessed each os coxa in the blind. The analysts were divided into three cohorts:
inexperienced (n=5), experienced (n=3), and a combined cohort of inexperienced and experienced (n=8). The inexperienced cohort was comprised of
individuals with some level of postgraduate anthropological training and no casework experience; the experienced cohort was comprised of DPAA
forensic anthropologists with advanced degrees in anthropology and, at a minimum, one year of casework experience. Each os coxa was scored
following the McKern/Stewart and Brooks/Suchey methods, and each analyst had access to the original publication and plastic casts for both methods.
Inter-observer agreement was determined using an Intraclass Correlation (ICC) analysis to assess inter-observer reliability (mixed model and 95%
confidence) and evaluated using the Cicchetti scale. ICCs were calculated for each cohort for the McKern/Stewart method component and composite
scores and for the Brooks/Suchey method phases.

The lowest ICCs were consistently observed in the inexperienced cohort, while the experienced cohort demonstrated the highest ICCs. The
inexperienced cohort had ICCs of 0.70 and 0.76, and the experienced cohort had ICCs of 0.86 and 0.88 for the McKern/Stewart and Brooks/Suchey
methods, respectively. When observations were divided into the independent components of the McKern/Stewart method, the inexperienced group had
ICCs of D:0.60, V:0.63, R:0.64, and the experienced group had scores of D:0.79, V:0.87, and R:0.76. The McKern/Stewart method ICCs were lower
than the Brooks/Suchey method ICCs for all analyst cohorts.

All scores demonstrate ICCs that indicate good to excellent agreement, an indication that both approaches are broadly consistent across observers and
that observations when using these methods are replicable. The differences between the experienced and inexperienced groups indicate that analysts
are more consistent when they have more osteological experience and regularly apply the method. The consistently higher ICCs for the Brooks/Suchey
method may be a result of detailed descriptions of the changes in symphyseal morphology provided for this method, compared to relatively sparse
descriptions provided for the McKern/Stewart method. Within the experienced group, the symphyseal rim component of the McKern/Stewart system
had the lowest ICC relative to the other two components, which is possibly a result of poor documentation and guidance for scoring this component in
the original publication. Overall, the inter-observer agreement for developmental scores of the pubic symphysis are good to excellent, and these methods
are recommended for forensic applications, barring large deviations between the reference sample and individual being assessed.

Reference(s):

L Shirley, N.R., and P.A. Ramirez Montes. “Age Estimation in Forensic Anthropology: Quantification of Observer Error in Phase Versus

2 Component-Based Methods.” Journal of Forensic Sciences, vol. 60, no. 1, 2014, pp. 107-111.

3 McKern T, Stewart T. Skeletal age changes in young American males analysed from the standpoint of age identification. Natick, MA:
Quartermaster Research and Development Center, Environmental Protection Research Division, 1957.

4 Brooks, S., and J.M. Suchey. “Skeletal age determination based on the os pubis: A comparison of the Acsadi-Nemeskeri and SucheyBrooks
methods.” Human Evolution, vol. 5, no. 3, 1990, pp. 227-238.
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A3 Assessing the Utility of the Suchey-Brooks Method on a Historical Sample

Sarah C. Kindschuh, PhD*, Defense POW/MIA Accounting Agency Laboratory, Offutt Air Force Base, NE 68113; Brittany S. Walter, PhD, Defense
POW/MIA Accounting Agency Laboratory, Offutt Air Force Base, NE 68113; Tyler E. Dunn, MS, Creighton University School of Medicine, Omaha,
NE 68178

Learning Overview: The goal of this presentation is to compare the accuracy, inaccuracy, and bias observed between the McKern and Stewart and
Suchey-Brooks methods of pubic symphyseal aging.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by directly comparing various methods
developed on historical and modern samples to assess the utility of each method in a forensic context, as well as by comparing the accuracy between a
component-based and a phase-based system of age estimation.

In forensic anthropology, the last two decades have seen an increased focus on the development of population-specific methods to account for variation
inherent in modern human groups. Given that it is best practice to use aging methods developed on a contemporaneous sample, forensic anthropologists
use methods developed on either modern or historical reference samples, depending on when the individual died. For example, Defense POW/MIA
Accounting Agency Laboratory analysts typically employ the McKern and Stewart (MS) component scoring method for WWII or Korean War (i.e.,
historical) cases, and the Suchey-Brooks (SB) phase-based method for Vietnam War cases or more recent casework. However, because of taphonomic
changes to bone, the MS method, which requires assessment of three areas of the pubic symphysis, may not be applicable if damage is present on at
least one of the components. This presentation examines the applicability of the SB method on WWII era individuals to determine whether it can be
used in place of the MS method, by comparing the accuracy, inaccuracy, and bias between the methods.

The study sample consists of 33 left and right os coxae of 22 identified WWII-era United States service members from the USS Oklahoma loss at Pearl
Harbor on December 7, 1941. Individuals are males aged 19-43 years at death. Eight observers with varying levels of experience independently scored
each pubic symphysis in the blind using both methods (observations n=160). Each observer had access to publications and plastic casts for both
methods. Accuracy was assessed using correct classification rates for several estimated age intervals of both methods: SB 1 Standard Deviation (SD)
from the mean, SB using 95% prediction interval, MS 1SD and 2SD from the mean, and the MS observed range (the total range of ages in which a
composite score was observed in the sample). Observer inaccuracy and bias using the mean age were calculated to quantify the amount and direction
of error, respectively.

The estimated age interval using the SB 95% prediction interval was the most accurate (90% correct classification); this is unsurprising, given the large
size of these intervals. The accuracy of MS observed range is comparable to SB using 1SD (82% and 83% correct classification, respectively). Correct
classification of MS using 2SD is 79%, while MS using 1SD is 56%. However, the SB method has a substantially higher SD compared to the MS
method. Overall, correct classification rates indicate that if the pubic symphysis is damaged, precluding the use of MS, analysts can use SB with a
similar level of accuracy, though the estimated age interval will be large.

Patterns of observer bias are consistent with previous evaluations of forensic casework.? Bias for MS indicates slight under-aging (-1.1 years), while
bias for SB indicates over-aging (4.3 years). Examination of bias for each MS component or composite score shows no obvious pattern. However, for
the SB method, bias generally increases with each subsequent phase (Phase 1=-1.5 years, Phase 6=27.7 years), which is an artifact of the age intervals
increasing size with each subsequent phase. Within this study, overall inaccuracy is slightly higher than previously reported at 4.0 years and 6.3 years
for MS and SB, respectively.® When examining inaccuracy of each component score or phase, there is a general trend of increasing inaccuracy for both
methods as the scores or phases progress, though this is more reflective of decreasing precision (i.e., larger age intervals at older ages) rather than an
increasing inaccuracy of the scores or phases.

Results presented here demonstrate that despite temporal differences of the samples, these methods can be used with similar levels of accuracy. This
suggests that if casework involving historical era individuals is missing one or more components required for the MS method, the SB phase method
can be used if enough of the pubic symphyseal face can be assessed.

Reference(s):

L McKern T.W., Stewart T.D. (1957) Skeletal age changes in young American males. Analysed from the standpoint of age identification. Technical
report EP-45. Natick, MA: Quartermaster Research and Development Command.

2 Brooks S., Suchey J.M. (1990) Skeletal age determination based on the os pubis: A comparison of the Acsadi-Nemeskeri and Suchey-Brooks
methods. Hum Evol. 5:227-238.

3 Brown, C.A. (2009) Uncertainty in skeletal aging: A retrospective study and test of skeletal aging methods at the Joint POW/MIA Accounting
Command Central Identification Laboratory. Unpublished Master's Thesis, Department of Anthropology, California State University, Chico.
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A4 Topographic Analyses and the Estimation of Age at Death From the Pubic Bone

Andrew C. Seidel, MA*, Arizona State University, Tempe, AZ 85287-2402; Christopher Stojanowski, PhD, Tempe, AZ 85281; Laura C. Fulginiti, PhD,
Forensic Science Center, Phoenix, AZ 85007; Kristen Hartnett-McCann, PhD, Office of the Chief Medical Examiner, Farmington, CT 06032

Learning Overview: After attending this presentation, attendees will understand the potential of topographic analyses for the development of new,
objective, and fully quantitative methods for the estimation of age at death based upon age-related changes to the surface complexity of the pubic bone.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating the relationship between
the surface complexity of multiple regions of the pubic bone and age at death. Results in this presentation indicate that topographic analyses may be
used to develop age-estimation techniques that overcome the limitations of qualitative methods and improve upon the accuracy of current quantitative
methods, especially for older decedents.

This research was conducted using the Hartnett-Fulginiti collection curated at the Forensic Science Center in Maricopa County, AZ. This collection
comprises more than 600 specimens of pubic symphyses from decedents of known sex, age at death, and ancestry. A sample of pubic bones from 20
individuals (9 females, 11 males) with ages at death ranging between 18 and 84 was selected for analysis. Selection was based solely upon age at death
and not upon the degree to which bones conformed to the morphological expectations associated with their known age.

All pubic bones in the sample were scanned using an ldentica Blue 2015 laser scanner, and the resulting 3D meshes were partitioned into two regions
of interest: the symphyseal face and a portion of the ventral surface. Remnant cartilage adhering to some bones resulted in poor scan quality and yielded
final sample sizes of 16 left ventral surfaces (6 female, 10 male) and 18 right symphyseal faces (8 female, 10 male). Scans for each region were given
the same orientation and all meshes were reduced to 15,000 faces for computational purposes. The surface complexity of each mesh was quantified
using the metrics of Relief Index (RFI), Oriented Patch Count (OPC), and Dirichlet Normal Energy (DNE) as implemented in the molaR package
developed for the R statistical environment. The values for each of these metrics were then evaluated for their association with known age at death.

While the combined-sex sample sizes used in this study are small, they are capable of recognizing correlations whose magnitudes exceed r=0.61 (for
the symphyseal face) and r=0.64 (for the ventral surface) with a power of 0.8 and at a significance level of 0=0.05. Even with these limitations, age at
death is significantly correlated with RFI and OPC on the symphyseal face (RFI: r=-0.67, p-value=0.002; OPC: r=0.64, p-value=0.004) and
significantly correlated to RFI and DNE on the ventral surface (RFI: r=0.66, p-value=0.005; DNE: r =0.69, p-value=0.003). The rate and trajectory of
changes in surface complexity differ between the ventral surface and the symphyseal face. This suggests that a method for age estimation that takes
into account multiple regions of the pubic bone may yield increased accuracy in comparison to current techniques. Modelling the relationships between
these metrics and age at death as non-linear would likely improve upon these results, but the strength of these correlations (especially given the small
sample size) suggest that RFI, OPC, and DNE can be profitably used in the development of a novel, fully quantitative method for the estimation of age
at death. Moreover, these preliminary results suggest that quantification of the surface complexity of the ventral surface of the pubic bone may yield
suitable estimates of age at death when the more commonly used symphyseal face has been damaged or is otherwise unavailable.

Age Estimation, 3D Laser Scans, Topographic Analyses
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A5 An Estimation of American Black and White Ancestry From Measurements of the Vertebrae and Sacrum

Rhian Dunn, MS*, Erie, PA 16503; Luis L. Cabo, MS, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will understand the applicability of Unliitiirk’s method to an American sample for
ancestry estimation.?

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the utility for ancestry
estimation of the metric measurements of vertebral elements utilized in Unliittirk’s method.?

Ancestry estimation is a key element of the biological profile utilized to aid in victim identification from skeletal remains. While the midfacial region
has been shown to be the most accurate for ancestry estimation, cranial elements are often missing in forensic contexts. Thus, it is necessary to consider
and validate ancestry estimation methods based on the postcranial skeleton, in terms of Daubert compliance. Currently, metric methods for the
postcranial skeleton are relatively scarce. The most common metric tool for metric ancestry assessments, FORDISC®, uses linear discriminant function
analysis to classify the unknown individual. But, while it includes 13 reference groups for the cranium, it only offers two ancestral groups for the
postcranium, highlighting the disparity between the attentions traditionally paid to the two body regions in this sense. Some additional studies have
looked into characteristics such as the anterior femoral curvature, which, as measured, was shown not to correlate strongly with ancestry, or
measurements of the pelvic girdle, but the infrequent explorations of postcranial elements as an alternative to cranial ancestry assessment have also
lacked validation studies.?3 The vertebral column has been studied for sex estimation, positive identification, age estimation, and stature, but its potential
utility for ancestry estimation has received less attention, with the exception of Unliitiirk’s studies. Unliitiirk defined a series of measurements and used
them to extract sex-specific discriminant functions to classify Black and White South African individuals from the Pretoria Skeletal Collection.
Unlutiirk’s functions covered different vertebral and sacral combinations, not requiring the full vertebral column, and rendered classification accuracies
up to 98.5%, suggesting a high potential for its forensic utility. The primary purpose of this study was to validate the use of Unliitiirk’s method on an
American sample. The ultimate goal was determining whether the method could be useful in American forensic settings, with or without modification
of Unlitiirk’s original equations.

A total sample of 251 individuals (with balanced sex and ancestry) from the Hamann-Todd Collection at the Cleveland Museum of Natural History
were measured according to Unliitiirk’s descriptions. An early 20t-century collection was selected because social constructs at the time the collection
was started (i.e., segregation) may mimic social constructs at play when the Pretoria Collection was started (i.e., the apartheid), both potentially resulting
in artificially inflated group differences due to reduced admixture and subjective removal or labelling of mixed or unclear individuals. Four of
Unlutiirk‘s original ten functions were tested first in their corresponding sex equations (i.e., male dimensions were entered only in male equations),
then in the pooled-sex equations in order to determine the need for sex-specific functions. Goodness-of-fit tests were used to assess whether the obtained
accuracies departed from the null, random classification models, as well as to test for between-sex and between-ancestry accuracy differences, as the
measurements in the original study had not been tested for specific differences between groups, and so classification in that study may have rather been
expressing other confounding factors, such as body size.

The obtained classification accuracies in the sex-specific equations were not as high as those reported in Unliitiirk’s original study (61%-70% in the
American sample compared to the 80%-95% accuracies reported by Unliitiirk). More interestingly, the utilization instead of sex-pooled equations did
not reduce accuracy (63%-71%), indicating that sex-specific equations may not be necessary in this method. The results of the goodness-of-fit tests
strongly supported the same hypothesis, as all detected differences were related to ancestry (p <0.001), rather than to sex or to the interaction of sex
and ancestry. This indicates that the obtained classifications are based on shape differences across ancestries, rather than on differences in size or on
sexual dimorphism. In conclusion, Unliitiirk’s method seems to be a valid and useful tool to detect actual ancestry differences, although it likely requires
further studies and reference sample expansion to adapt it for a more general use and increase its accuracy in populations other than South African.

Reference(s):

L Unliitirk O. 2017. Metric assessment of ancestry from the vertebrae in South Africans. Int J Legal Med 131:1123-1131.

2 Walensky N.A. 1965. Study of anterior femoral curvature in man. Anat Rec 151:559-570.

3 Patriquin M.L., Steyn M., Loth S.R. 2002. Metric assessment of race from the pelvis in South Africans. For Sci Inter 127:104-113.
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A6 Ancestry Estimation Using Vertebrae: Koreans Versus United States Whites

Yangseung Jeong, PhD*, MTSU, Murfreesboro, TN 37129; Heli Maijanen, PhD, University of Oulu/Archaeology, University of Oulu 90014, FINLAND

Learning Overview: After attending this presentation, attendees will understand that vertebrae have a potential to be used for ancestry estimation,
particularly when discerning between Korean and United States Whites.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by exploring the potential usage of
vertebrae as an ancestry indicator, which has seldom been studied previously. Ancestry estimation using vertebrae will enhance the likelihood of
identification of unknown victims, particularly when their crania are missing or seriously damaged.

Ancestry is one of the key components of the biological profile which forensic anthropologists reconstruct to identify unknown skeletal remains.
Extensive effort has been made to estimate ancestry primarily using the morphological and metric features of the crania and teeth. Some postcranial
bones have also been studied for this purpose, but the vertebrae still remain as one of the least-favored bones in ancestry estimation. However, the fact
that body proportions such as the Cormic index (i.e., ratio of the sitting height to the total height) differ between populations implies that different
populations would have different vertebral heights.! In this regard, this study explores whether vertebrae can make a meaningful contribution to ancestry
estimation, specifically when Korean and United States Whites are to be discerned from each other.

Vertebral heights from C2 to L5 were measured from 317 Korean skeletons (184 males and 134 females housed in eight institutions of South Korea)
and 215 United States White skeletons (109 males and 106 females at the William Bass Donated Collection of the University of Tennessee), following
the instruction of Raxter et al.2 Then, the discriminant function analyses were conducted on C2-L5, C-column (summed heights of C2-C7), T-column
(summed heights of T1-T12), L-column (summed heights of L1-L5), and V-column (summed heights of C2-L5), respectively. Males and females
were analyzed separately.

Overall, individual vertebral heights and column heights exhibited decent-to-good Correct Classification Rates (CCR). When it came to individual
vertebrae, CCRs range 62.1% (C3) ~ 86.5% (L5) and 50.6% (C7) ~ 81.4% (L5) for females and males, respectively. Except for T5, females exhibit
higher CCRs than males in all vertebrae by 1.3% (T3) ~ 17.8% (T10). CCRs of L-column (88.4% and 81.0% for females and males, respectively) were
higher than the other columns or the whole vertebral column for both sexes. T-column marked the lowest CCRs (73.6% for females and 59.0% for
males) among vertebral columns.

Based on the decent CCRs associated with the vertebrae and vertebral columns as well as the convenience of vertebral height measurement, it is
expected that vertebrae can be used as a useful indicator for ancestry estimation. When all lumbar vertebrae are present, their summed height will be
particularly useful to discern Korean from United States Whites for both sexes. It was also noted that L5 alone can produce as high CCRs as the L-
column.

Reference(s):

L Jeong Y, Jantz LM. 2016. Developing Korean-specific equations of stature estimation. Forensic Science International 260:105.el
105.e11.

2 Raxter MH, Auerbach BM, Ruff CB. 2006. Revision of the Fully technique for estimating statures. American Journal of Physical Anthropology
130(3):374-384.
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A7 Metric Variability in the Femur and Patella: The Potential for Ancestry Assessment

Marica Baldoni, MA*, University of Rome Tor Vergata, Rome 00133, ITALY; Rachel Joseph, MSc*, Liverpool John Moores University, Liverpool,
Merseyside L3 3AF, UNITED KINGDOM; Carole A.L. Davenport, PhD, Liverpool John Moores University, Liverpool, Merseyside L1 9DE, UNITED
KINGDOM; Constantine Eliopoulos, PhD, Liverpool John Moores University, Liverpool L3 3AF, UNITED KINGDOM; Matteo Borrini, PhD,
Liverpool John Moores University, Liverpool, AE L3 3AF, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will understand the potential of femur morphology for ancestry assessment between
European and African individuals.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a new method for ancestry
estimation that could increase the chance to sort candidates for identification, even in highly fragmented skeletal remains.

The estimation of ancestry is a key attribute—and often the most difficult—of biological identity to be determined by forensic anthropologists in the
examination of unknown skeletal remains.>? Numerous approaches have been proposed, most focusing on the variations in cranial morphology among
different geographic groups.®*

Currently, ancestry assessment based on morphoscopic traits of the skull relies on a subjective trait list and observer experience.5° Moreover, the wide
range of possible taphonomic alterations and preservation conditions encountered in forensic materials can affect the availability of some skeletal
elements, increasing the challenge of the analysis.°

Several attempts to estimate ancestry from postcranial elements have also been proposed, even though they are less commonly applied in the forensic
context.? These methods rely mainly on differences in the anterior diaphyseal curvature and intercondylar shelf angle of the femur.1-12 In addition, the
dimensions and geometry of the proximal femur have gained some attention as potential indicators of ancestry.14-16

This study analyzed 60 individuals, 26 African Americans (13 males and 13 females) and 34 Caucasian Americans (16 males and 18 females), from
the Terry Collection housed at the Smithsonian Institute in Washington, DC. A total of 12 measurements were taken from each individual. These were
on the distal end of the femur and on the patella in order to evaluate differences in the joint morphology between the two population groups.

Student’s t-tests were run for each measurement to check if measurements from the left and right sides could be pooled together. African American
males exhibit no significant difference between the left and right side; therefore, measurements were pooled together. African American females exhibit
significant difference for two measurements of the femur, while Caucasian Americans exhibit significant difference for one measurement in male and
female individuals.

Linear analyses were performed for the groups that could be pooled to determine the sets of data useful for binomial logistics regression for ancestry
prediction. A total of nine measurements (six describing the femur for males and three describing the femur and patella for females) have been selected
for regression prediction; these measurements demonstrate a percentage of correct prediction ranging from 56.4% to 70.9% in the male sample and
from 67.2% to 74.5% in the female sample. All statistical analyses were performed by IBM® SPSS Statistics v.24.

The goal of this project is to identify the presence of metric variation in the human femur and patella between African and European population groups;
the results obtained provide regression formula with encouraging predictive values, demonstrating the need of further analysis on a larger sample
involving both skeletal collections and data from living individuals.

In addition, this research demonstrates the potential forensic applications of this new methodology for ancestry estimation even in commingled and
highly fragmented unknown skeletal remains.

Reference(s):

L Scheuer L. Application of Osteology to Forensic Medicine. Clin. Anat. 2002; 15:297-312.

2 Christensen A.M., Leslie W.D., Baim S. Ancestral Differences in Femoral Neck Axis Length: Possible Implications for Forensic Anthropological
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American Academy of Forensic Sciences, 59" Annual Scientific Meeting, San Antonio, TX. 2007.
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A8 An Examination of Pelvic Scarring as a Determinant of Sex

Helen M. Brandt, MS*, Binghamton University, Binghamton, NY 13902-6000; 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 pelvic bone
scarring; and (2) recognize the value of peri-auricular scarring in determining the sex of the decedent.

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

The following null hypotheses are tested: the preauricular sulcus, interosseous groove, pubic tubercle, and retroauricular surface do not covary with
(2) parity, (2) sex, (3) age, or (4) body size.

Previous studies have obtained contradictory results regarding the association between pelvic scars and childbirth; most employed weak experimental
designs, making it difficult to separate the factors that influence the formation of scarring. The first installment of the current study (presented at the
American Academy of Forensic Sciences annual meeting in 2018 examined the relationship between parity and dorsal pubic pitting and found that the
sex of the decedent is the primary determinant of pitting, while parity has a significant but low-level influence. The second part of this study examines
four other pelvic scars, none of which displayed any relationship to parity in the original study. This study builds on prior research by using a large
modern sample with known parity status, combining traditional qualitative scoring with quantitative measurements and using powerful Analysis of
Covariance (ANCOVA) -family tests to separate the different influences of parity, sex, age at death, and body size. Consequently, more effective
predictive models can be generated for use in forensic anthropological investigations.

The same sample of skeletons used in the previous study was assessed for the presence and degree of pelvic scarring. A total of 530 identified, primarily
Euro-American individuals was drawn from the Texas State University Donated Skeletal Collection, the Maxwell Museum Documented Skeletal
Collection, and the William M. Bass Donated Skeletal Collection. Sex, age at death, and ancestry were recorded for all specimens, and all females have
self-reported parity status. Coxa height was used as an indicator of overall body size. The presence and severity of the preauricular sulcus and the
interosseous groove were scored and the width, depth, and length of preauricular pits were also measured with sliding calipers. The type of preauricular
sulcus and interosseous groove present (“groove of pregnancy” or “groove of ligament”) was also recorded. The height of the pubic tubercle was
measured using a contour gauge and sliding calipers, and retroauricular surface rugosity was scored ordinally. Binary logistic or ordinal regression was
used to analyze the categorical non-metric pelvic traits, and ANCOVA was used to analyze the continuous metric pelvic traits.

Results indicate that the presence of the preauricular sulcus and interosseous groove are strongly determined by sex and can serve as effective sex
indicators. Females are more than twice as likely to present a preauricular sulcus (85%) or an interosseous groove (65%) than males (39% and 20%,
respectively). Additionally, older individuals are more likely to display a preauricular sulcus than younger individuals. The type of preauricular sulcus
is also affected by sex and age: females and older individuals are more likely to present a “groove of pregnancy” than males and younger individuals.
Preauricular sulcus measurements are also affected by sex and age, with all dimensions being larger in females and male sulci becoming wider with
age. However, in all tests, sex is by far the primary determinant of preauricular sulcus presence, type, and size, with age having only a minor influence.
The type of interosseous groove does not differ by sex, suggesting that the distinction for this feature is morphologically irrelevant and/or it is too
variable to be practically useful.

The height of the pubic tubercle is only affected by body/pelvic size in both sexes and thus cannot be used to determine the sex of unidentified
individuals. The retroauricular surface increases in rugosity with age and body size and is more rugose in females, but age is the most significant
determinant.

In sum, these results illustrate that the peri-auricular pelvic scars are useful primarily for determining sex, with the effects of other variables being
minor or non-existent. The pubic tubercle and retroauricular area reflect increasing body size or age; none of the features examined here are influenced
by childbirth.

Forensic Anthropology, Pelvic Scarring, Sexual Dimorphism
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A9 The Impact of Antimeric Leg Length Asymmetry on Adult Stature Estimation: A Validation Study

Megan E. Ingvoldstad, PhD*, DPAA Laboratory, Offutt Air Force Base, NE 68113; Brittany S. Walter, PhD, Defense POW/MIA Accounting Agency
Laboratory, Offutt Air Force Base, NE 68113

Learning Overview: After attending this presentation, attendees will understand that antimeric leg length asymmetry is commonly encountered in
forensic anthropological casework. Guidance is provided regarding how to estimate stature when asymmetry is present to avoid inaccurate stature
estimates and erroneous exclusion of a decedent as a match to skeletal remains.

Impact on the Forensic Science Community: This presentation impacts the forensic science community by: (1) encouraging bilateral measurement-
taking whenever possible to identify asymmetry; (2) cautioning against combining leg bone lengths from different sides to avoid compounding
proportional antimeric asymmetry; (3) recommending the use of measurements from the right side; and (4) proposing selection of a 99% Prediction
Interval (P1) when total leg length asymmetry equals 5.0mm. This practice can prevent inaccurate stature estimates and the erroneous exclusion of
decedents from their skeletal remains.

Review of Defense POW/MIA Accounting Agency (DPAA) Laboratory identifications revealed that stature estimations are occasionally inaccurate
due to the occurrence of antimeric total leg length asymmetry. Preliminary research presented at the American Academy of Forensic Sciences in 2018
specifically found: (1) antimeric total leg length asymmetries, up to 16mm, occurred in 68/78 (87%) cases, indicating asymmetry is common; (2)
significant differences (5.0mm average) exist between antimeric total leg lengths; (3) the longer or shorter leg does not consistently produce a more
accurate stature estimate; (4) when asymmetry is present, right leg measurements are consistently more accurate; (5) the left leg demonstrates reduced
accuracy with elevated asymmetry; and (6) when a disparity between legs of >5.0mm is encountered, increasing the Pl from 95% to 99% ensures living
stature will be captured (100% correct classification).

To validate these findings, stature data were collected from an independent sample of 20 adult individuals identified at the DPAA Laboratory in 2018.
This sample includes males of European, African, Asian, and indeterminate ancestries, with ages at death between 18 and 43 years (mean=24.5 years,
SD=3.7 years). Each individual had atraumatic and complete femora and fibulae present for analysis. Stature was estimated for everyone using
FORDISC® 3 and the appropriate Trotter MSTATS male database. Maximum lengths of the left femur and fibula, and then the right femur and fibula,
were used to calculate 95% stature Pls. These Pls were checked against the individual’s antemortem stature (obtained by healthcare professionals
during military medical evaluations) for accuracy. Stature estimates that did not include the identified individual’s antemortem stature were run again
using 99% Pls and assessed to see if the identified individual’s antemortem stature was captured.

Results: (1) Total leg length asymmetries, up to 11mm, were observed in 90% of cases; (2) there is a statistically significant difference (mean=5.0mm)
between antimeric leg lengths (p <0.00; t=6.5); (3) use of the longer or shorter leg does not consistently produce more accurate stature estimates; (4)
when asymmetry is present, the right leg is consistently more accurate in predicting living stature; (5) the left leg demonstrates reduced accuracy with
elevated asymmetry; and (6) when a disparity between left and right legs of >5.0mm is encountered, increasing the Pl from 95% to 99% ensures the
individual’s living stature is captured (100%).

Overall, these results reinforce the preliminary findings that asymmetry is common between left and right total leg lengths, and that these asymmetries
can be large enough to affect stature estimates and, therefore, identifications.

Biological Profile, Stature, Antimeric Asymmetry
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A10  An Estimation of Stature Using Cranial Dimensions

Mubarak A. Bidmos, PhD*, Doha 2713, QATAR; Abduljelil Adebesin, MSc, Sefako Makgatho Health Sciences University, Pretoria, SOUTH AFRICA
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All A Comparative Analysis of Stature Estimation Methods for Application in Forensic Anthropology

Susie C. Athey*, Topeka, KS 66611; Mackenzie Walls, Forensic Anthropology Program, Topeka, KS 66621; Alexandra R. Klales, PhD, Washburn
University, Topeka, KS 66621; Heather M. Garvin, PhD, Des Moines University, Des Moines, IA 50312-4198

Learning Overview: After attending this presentation, attendees will better understand the accuracy of various stature estimation methods and their
implications on the biological profile for identifying unknown individuals.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a comprehensive analysis
of stature estimation methods and will identify the most accurate method for estimating stature for use in forensic contexts.

Forensic anthropologists use either anatomical or mathematical methods to estimate stature in unknown individuals. Anatomical methods use all bones
contributing to stature and have been considered the most accurate approach. The popular mathematical methods use correlations of long bones to
estimate overall stature and are not reliant on complete skeletal remains and are less time consuming. The ease of the computer program FORDISC®
has likely contributed to the increased use of mathematical methods over anatomical methods, even with complete remains.

The first goal of this research is to validate each method type (anatomical vs. mathematical) and to determine if anatomical methods are in fact more
accurate. The second goal of this research is to compare the accuracy of available methods and to determine if the methods derived from modern
samples are more accurate for use with modern forensic cases. Skeletal measurements were collected for 72 White males and females of known stature
from the William M. Bass Donated collection. A total of 41 measurements were collected from 36 bones by one expert observer, a practicing forensic
anthropologist, using sliding calipers and an osteometric board to take the measurements of the individual. The left side was measured for each
individual unless the bone was damaged or exhibited a pathology, in which case, the right side was substituted. The collected measurements were
added together for the anatomical methods (n=2), and the appropriate soft tissue correction factor was applied or entered into the sex and bone specific
regression equations to estimate overall stature using the mathematical methods (n=4). Age-correction factors (n=2) were also applied and tested for
accuracy. Lastly, estimated stature, with and without age correction factors, was compared to the known stature to determine the overall accuracy of
each method.

Stature was more accurately predicted for females using both method types, despite having sex-specific equations in the mathematical methods, and
male stature was typically underestimated in most methods. Overall, the revised methods for both the anatomical and mathematical methods provided
more accurate estimates than the older methods, likely due to secular changes in body proportions. Raxter et al.’s revision of the Fully method provided
a stature estimate closer to known height in 80.9% of individuals.}> Newer mathematical methods (Ousley, Wilson et al.) produced higher accuracy
rates per individually tested bones (76.4%-93.0%) than the older mathematical methods (Trotter and Gleser) with accuracy rates of only 50.7%-63.4%.%
6 FORDISC® had a total accuracy rate of 91.7%, but with wide prediction interval ranges (average of 7.8 inches when using known sex and ancestry;
95%). Overall, the age correction factors did not improve accuracy and generally resulted in lower accuracy than the uncorrected estimates.

The results of this research suggest that the Wilson et al. method should be applied in forensic casework as it has the highest total accuracy, even
outperforming anatomical methods, and small prediction interval ranges.* Generally, anatomical methods tended to underestimate reported stature,
which may suggest that self-reported stature was likely overestimated, as first reported by Willey and Falsetti.” Overall, the tibia equations provided
the best estimates of stature (93%) using Wilson et al.’s equations, followed by the humerus at 91.5%.* Wilson et al.’s tibia equation provided the most
accurate estimates of actual stature overall (93.0%) and suggests that when possible, the tibia equation from Wilson et al. should be utilized for forensic
casework over other stature methods.*

Reference(s):

L Raxter M.H., Auerbach B.M., Ruff C.B. Revision of the Fully Technique for Estimating Statures. Am J Phys Anthopol. 2006; 130:374-384.

2 Fully G. Une Novella Methode de Determination de la Taille. Annales de Medicine Legale, Criminologie, Police Scientifique et Toxocologie.
1956; 36:266-273.

3 Ousley S. Should We Estimate Biological or Forensic Stature? J of Forensic Sci. 1995;5(40):768-773.

4 Wilson R.J., Herrmann N.P., Jantz L.M. Evaluation of Stature Estimation From the Database for Forensic Anthropology. J Forensic Sci.
2010;55(3):684-689.

5 Trotter M., Gleser G.C. Estimation of Stature From Long Bones of American Whites and Negroes. Am J Phys Anthopol. 1952;10(4):463-514.

6 Trotter M., Gleser G.C. A Re-Evaluation of Estimation of Stature Based on Measurements of Stature Taken During Life and of Long Bones After
Death. Am J Phys Anthropol. 1958;6(1):79-123.

7 Willey P., Falsetti T. 1991. Inaccuracy of Height Information on Driver’s Licenses. J Forensic Sci. 1991; 36:813-819.

Stature Estimation, FORDISC®, Wilson Method

Copyright 2019 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 -57 -




o Anthropology — 2019

Al12  Tall Tales: Various Regression Stature Methods Applied to the Huntington Collection

Ashley Espinoza*, Mercyhurst University, Erie, PA; David R. Hunt, PhD, Smithsonian Institution, Washington, DC 20013-7012; Gene Hunt, PhD,
Smithsonian Institution, Washington, DC 20013-7012

Learning Overview: After attending this presentation, attendees will be aware of secular change in human populations and how these changes affect
stature estimations, and, in this study, for European populations in which the individuals were born prior to the 1850s. This presentation will also re-
demonstrate that the femur provides a more accurate stature estimation utilizing the four stature regression methods employed in this study.

Impact on the Forensic Science Community: This presentation will impact the forensic science community and the bioanthropological community
by alerting them to be cognizant of the effects of secular change on the accuracy of stature estimations when applying these methods to populations
that span more than a century.

Various regression formula stature methods have been created to estimate living stature for a specific population, by sex and/or ancestry. Those
commonly used stature regression methods are Trotter and Gleser, Ousley, Wilson et al., and Albanese et al.13-5 These methods measured individuals
from anatomical skeletal collections coming from different time periods to develop their regression formulas. Trotter and Gleser used the Terry
Collection consisting of individuals who were born in 1850 to 1900; Ousley had a mixture of individuals born pre-1944 and post-1944; Wilson et al.
used individuals born post-1944; and Albanese et al. used individuals born from 1839 to 1914.135 These methods, despite their common use, each have
a level of error if applied to a population not used for producing their regression formulas. Even if all collections are of European ancestry, the variation
due to secular change between these population groups will cause some error. This study tested the accuracy of Trotter and Gleser, Ousley, Wilson et
al., and Albanese et al. regression stature methods by applying them to the femur and humerus of individuals from the Huntington Collection.>3 The
Huntington Collection is composed of European immigrants born between 1827 and 1881 (pre-1900), thus being essentially a generation prior to the
Terry Collection and earlier than the birth dates of the other collections used.?

The sample consisted of 49 individuals of known height: 27 males and 22 females. The sample size was somewhat restricted by the individuals that
had recorded stature and both the humerus and femur from the same individual. The maximum length measurement of the humerus and femur were
applied to each method for the White male and White female category. In all four methods, the femur had a lower average difference than the humerus.
This reaffirms that the femur is the more effective element to use for regression stature estimation. This is, of course, due to its more direct contribution
to height. The Albanese et al. femur regression formula provided the most accurate result with an average difference of 0.94 cm from the actual stature.?
This is undoubtedly due to Albanese’s sample collection time period being more similar to the Huntington collection’s time period. The next accurate
femur regression formula was Trotter and Gleser’s (1.24cm), which used the Terry Collection.* Ousley and Wilson et al. had the highest average
difference, with a difference of (1.81cm) and (FSTAT 2.28/ASTAT 2.43), respectively.3®

Reference(s):

L Albanese J., Tuck A., Gomes J., Cardoso H.F.V. An Alternative Approach for Estimating Stature From Long Bones That Is Not Population- or
Group-Specific. Forensic Sci. Inter. 2016, 259, 59-68.

2 National Museum of Natural History. Department of Anthropology. Anthropology. Accessed August 20, 2018.
https://anthropology.si.edu/cm/phys_intro.htm.

3 Ousley, S. Should We Estimate Biological or Forensic Stature? J. Forensic Sci. 1995, 40 (5), 768-773.

4 Trotter M., Gleser G.C. Estimation of Stature from Long Bones of American Whites and Negroes. J. Physical Anthro. 1952, 10 (4), 463-514.

5 Wilson R.J, Herrmann N.P, Jantz L.M. Evaluation of Stature Estimation From the Database for Forensic Anthropology. J. Forensic Sci. 2010, 55
(3), 684-689.
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Al13  Blast and Aircraft Crash Trauma: A Selection of World War Il (WWI1) Cases From the Defense
POW/MIA Accounting Agency (DPAA) Laboratory

Andrea Palmiotto, PhD*, Indiana University of Pennsylvania, Indiana, PA 15701; Kyle A. McCormick, PhD, Defense POW/MIA Accounting
Command, Joint Base Pearl Harbor-Hickam, HI 96853; Traci L. Van Deest, PhD, Defense POW/MIA Accounting Agency, Offutt Air Force Base, NE
68113; Laurel E. Freas, PhD, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: After attending this presentation, attendees will understand differential traumatic patterning in skeletal remains associated with
historic wartime aircraft- and blast-related events.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by deconstructing analytical criteria
associated with historic aircraft and blast events and providing guidelines to differentiate both types of trauma. These criteria will help anthropologists
and pathologists working in mass disaster areas and possibly human rights work around the world.

Trauma assessment is a complicated endeavor that provides insight into the cause of death, peri-mortem interval, and life history of the individual.
Because of their work with other forensic experts and in medicolegal situations, forensic anthropologists must demonstrate competency and accuracy
in trauma analyses. As other researchers have noted, methods for trauma analyses require validation to ensure quality and scientific rigor of work.

Blast- and aircraft-related incidents are influenced by various extrinsic and intrinsic forces and represent extreme forms of bodily trauma that may
result in similar patterns of injury. However, limited research has been completed regarding differentiating between these types of trauma, and no well-
defined criteria exist for analysis.

Bodily trauma from propeller-driven aircraft crashes is characterized by extensive blunt-force trauma from deceleration. Anthropological literature
categorizes four types of blast trauma, which result from different mechanisms and are associated with different fracture patterns. Bodily trauma from
a blast event may result from the blast wave (primary), associated projectiles (secondary), acceleration/deceleration impacts (tertiary), or flash burns
(quaternary). The potential injuries are characterized by a mixture of blunt-force and/or projectile trauma, resulting from exposure to explosive
ordnance, such as grenades, landmines, mortars, and bombs. Furthermore, a set of remains may display complicated patterns that preclude identification
of a single category of blast trauma.

Recently resolved WWII cases with established causes of death relating to blast (n=11) or aircraft (n=24) events were assessed. The reports were
written by various anthropological analysts who performed their analysis in the blind. The causes of death were determined by a medical examiner
based on the available historical and anthropological data. The blast cases are from open-environment ground losses, while the aircraft cases involve
propeller-driven aircraft.

Among these cases, differences existed in the amount and overall condition of recovered remains, which may affect analytical potential. The majority
of aircraft (50%) and blast (90%) cases reported at least 25% element recovery; complete biological profiles were possible for some aircraft (29%) and
most blast (90%) cases. Widespread trauma was found predominantly in aircraft cases (66%) and less frequently in blast cases (27%), in which trauma
tends to be more localized. Aircraft cases often displayed spiral (33%) and butterfly (20%) fractures, but none were observed in the blast cases. Multiple
or indeterminate directionality was evident in all aircraft (100%) and a number of blast (45%) cases, but unidirectionality was observed only in blast
cases (55%). Only blunt trauma was observed in the majority of aircraft cases (66%) and a smaller percentage of blast cases (36%), while other blast
cases (45%) displayed some evidence of projectile trauma. Indeterminate trauma was observed in some aircraft (29%) and blast (9%) cases.

The results of this study suggest that physical trauma resulting from historic aircraft and blast cases can be differentiated based on the type and pattern
of trauma present. Additionally, it may be possible to identify specific blast trauma categories within a set of remains; based on the analysis, blast
trauma may be characterized as projectile (secondary) or non-specific.

Although numerous traumatic features may aid interpretations, they should not be used as definitive criteria. These case studies are intended to provide
a comparative framework for differential diagnosis and possible points for future research. Similar fracture patterns may result from other causes, and
not all criteria may be evident in all cases due to the inherent complexities of traumatic events and the recovery process, which affects the condition of
remains present for analysis.

The views herein are those of the authors and do not represent those of the Defense POW/MIA Accounting Agency, Department of Defense, or United
States government.

Trauma, Aircraft Deceleration, Blast Injuries
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Al4  The Prevalence of Peri-Mortem Trauma Among Casualties of Armed Conflict

Andrea Palmiotto, PhD, Indiana University of Pennsylvania, Indiana, PA 15701; Carrie B. LeGarde, MA*, Defense POW/MIA Accounting Agency,
Offutt Air Force Base, NE 68113

Learning Overview: After attending this presentation, attendees will be aware of the prevalence of peri-mortem trauma among identified casualties
lost during World War 11 (WWII), the Korean War, and the Vietnam War.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by testing expectations of and quantifying
incidences of skeletal trauma for individuals associated with past United States armed conflicts. Although this analysis reflects one agency’s casework,
it provides insights on the expected prevalence of peri-mortem trauma observed in recovered skeletal remains in military, mass disaster, or human
rights contexts.

These United States wartime casualties were lost under a variety of circumstances, including ground, air, and Prisoner of War (POW) losses. Evidence
of peri-mortem trauma is expected, particularly in battle (i.e., ground) and air losses due to their engagement in armed conflict. Fewer cases of peri-
mortem trauma are expected in POW losses since these deaths are more often attributed to malnutrition and illness.

A sample of 270 individuals identified since 2014 were examined for the presence of peri-mortem trauma and condition of skeletal remains. Peri-
mortem trauma was observed in 128 (47%) cases. These cases were broken down by conflict, type of loss (ground, air, or POW), and proportion of the
skeleton recovered.

The Vietnam War was represented by 20 cases, of which 16 were air and 4 were ground losses. These cases were recovered either in the field or through
unilateral turnovers from foreign governments. All cases contained incomplete skeletons, with 90% of these cases missing most major elements and
represented by less than a quarter of the skeleton. Peri-mortem trauma was observed in less than half of the cases (8/20): 44% of air and 25% of ground
losses.

The Korean War was represented by 140 cases, of which 17 were air, 57 were ground, and 66 were POW losses. These cases were recovered
predominantly through unilateral turnover, followed by disinterment of unidentified individuals from national cemeteries, and field recovery. Most
cases were incomplete, and 44% of the cases were represented by less than a quarter of the skeleton. Peri-mortem trauma was observed in less than
half of the cases (41/140): 47% of air, 51% of ground, and 6% of POW losses.

WWII was represented by 110 cases, of which 49 were air, 56 were ground, and 5 were POW losses. These cases were recovered predominantly by
field recovery, followed by disinterment and unilateral turnover. About 34% of cases were represented by less than a quarter of the skeleton. Peri-
mortem trauma was observed in most cases (79/110): 76% of air, 75% of ground, and none of the POW losses.

No peri-mortem trauma was observed in 142 (53%) cases; however, more than half (53%, 75/142) of these cases consisted of mostly incomplete
skeletons. When broken down by loss type, 83% of air (25/30), 44% of ground (20/45), and 45% of POW (30/67) losses were mostly incomplete and
lack peri-mortem trauma. In these cases, the absence of observed trauma may be due to the paucity of the remains, rather than indicating that no peri-
mortem injury occurred.

As expected, air and ground losses displayed peri-mortem trauma more frequently than POW losses. Peri-mortem trauma was evenly represented
between air and ground losses for both Korea and WWII cases, but it was observed more often among WWII cases than Korea or Vietnam cases. This
is likely due to the completeness of the recovered remains. Remains were more often recovered and buried soon after the incident during WWII, giving
some protection from taphonomic processes, unlike Korean and Vietnam War casualties. Although the Vietnam War is more recent, and one would
expect that taphonomic processes may be less severe, these cases are the most incomplete. This could be due to factors such as soil pH of recovery
location or loss type (WWII propeller-driven planes vs. Vietnam War jet air losses).

Identifying peri-mortem trauma is crucial for understanding the context of loss for missing servicemembers. These results indicate that despite war-
time circumstances, not all skeletal remains exhibit evidence of peri-mortem bodily trauma; the absence of peri-mortem trauma cannot be used to
determine loss circumstances. The absence of trauma may reflect recovery context or other taphonomic conditions, rather than the absence of skeletal
injury.

Forensic Anthropology, Trauma, Taphonomy
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Al5  Patterns of Intentional Dismemberment in Florida Medicolegal Death Investigations

Katie M. Rubin, MS*, University of Florida, CAPHIL, Gainesville, FL 32610; Janet E. Finlayson, MA, University of Florida, Gainesville, FL 32610

Learning Overview: After attending this presentation, attendees will be familiar with the dismemberment modes, affected body regions, and implement
types commonly observed at the C.A. Pound Human Identification Laboratory (CAPHIL).

Impact on the Forensic Science Community: This presentation will impact the forensic science community by enhancing the comparative data
available for dismemberment cases.

Comprehensive data has been presented previously by Adams and Rainwater for New York City, a major metropolitan area; the data presented herein
reflect non-comprehensive data for a single state.!

This study reviewed all CAPHIL case files accessioned between July 2003 and June 2018 (N=959). The contents of each file were assessed for
indications of intentional human dismemberment. During the 15-year period reviewed, the CAPHIL evaluated 31 cases—representing 28 individuals—
involving intentional human dismemberment. These cases derived from 17 counties across the state, ranging from the southern peninsula to the
Panhandle. There is an even split between male (N=14) and female (N=14) decedents in the sample. Ages at death range from neonatal to 76 years,
with the greatest number of individuals falling into the middle-aged adult age bracket (30-49 years; N=14). For the 24 individuals for whom a racial
category is known, 22 are White and 2 are Black; this does not account for Hispanic ethnicity. This sex and race breakdown is relatively reflective of
decedent demographics at the CAPHIL, as well as of the demographic breakdown of Florida.

All dismemberment methodology data derive from indications of dismemberment recorded on the skeletal elements submitted to the CAPHIL. Full
sets of remains were not always available at time of analysis, due either to recovery circumstances or to selective submission of affected body portions
by the medical examiner. Following Rainwater, the CAPHIL dismemberment cases were categorized by dismemberment mode: (1) anatomical
disarticulation around joint articulations; (2) transection of bone via sawing; and/or (3) transection of bone via hacking.? Transection via sawing was
the most common mode of dismemberment for the individuals assessed at the CAPHIL; 14 individuals fall into this category exclusively. Five
individuals were dismembered solely by anatomical articulation, while only two individuals were dismembered solely by a hacking mechanism; six
individuals were dismembered via a combination of modes, and the mode for one individual (the neonate) could not be determined. For all three cases
involving sawing in conjunction with an anatomical mode of dismemberment, there was a partial (incomplete) transection through the spinal column.

Overall, the most commonly affected body regions were the neck (N=18), left shoulder/upper arm (N=14), left hip/upper thigh (N=12), torso (N=10),
and right shoulder/upper arm (N=10). The relatively high frequency of dismemberments through the torso seen in the CAPHIL sample is in contrast
with the very low frequency of such dismemberments reported by Adams and Rainwater in their analysis of dismemberment cases in New York City.!

The most common implement was a saw used in isolation; multiple such cases display thermal alteration at transected margins, likely due to friction-
generated heat produced by the action of the saw. A saw used in conjunction with a knife was the second most common means of dismemberment.
Reciprocating saws were the most commonly used saw type; only one individual was dismembered using a manually powered saw. Two individuals
exhibited tool marks from at least two different saws; both cases involved the use of rotary saws. All anatomical disarticulations used only a knife.
Hacking implements ranged from heavy implements intended for hacking to improvised hacking implements, such as claw hammers and shovels.

Understanding dismemberment patterns from past cases is important for the advancement of future medicolegal investigations. Knowledge of common
dismemberment practices may improve the total percentage of an individual recovered by informing upon what body portions may be anticipated given
case circumstances. Trends in tool use may also aid law enforcement in preliminary searches for causative implements. Further, this information may
better prepare forensic anthropologists to respond to unusual investigative requests; for example, the CAPHIL has been asked to compare
dismemberment styles across multiple sets of remains to help law enforcement pursue possible connections between decedents in seemingly distinct
cases.

Reference(s):

L Adams B.J. and Rainwater C.W. 2018. A Retrospective Study of Intentional Body Dismemberment in New York City: 1996-2016. In Proceedings
of the American Academy of Forensic Sciences, 701" Annual Scientific Meeting, Seattle, WA, February 19-24, 2018.

2 Rainwater C.W. 2015. Three Modes of Dismemberment: Disarticulation Around The Joints, Transection of Bone Via Chopping, and Transection
of Bone Via Sawing. In Skeletal Trauma Analysis: Case Studies in Context. NV Passalacqua and CW Rainwater, eds, 222-245.0xford, UK: Wiley
Blackwell.
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Al16  Skeletal Asymmetry of the World War 1l (WWII) Battle of Tarawa Skeletal Assemblage: The Impact on
the Resolution of Commingling

Caryn E. Tegtmeyer, PhD*, Canton, M| 48187; Jesse Roberto Goliath, PhD, Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam,
HI 96853; Rebecca J. Wilson-Taylor, PhD*, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: After attending this presentation, attendees will better understand the degree and prevalence of directional asymmetry within a
commingled WWII battlefield population.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the need to understand
patterns of asymmetry to improve segregation and association of remains in a commingled assemblage.

Skeletal asymmetry has been identified by many researchers within human populations and is identified as a lack of symmetry between two paired
elements. Directional asymmetry occurs when this difference is apparent on one side of the body. Previous researchers have found that there is a right-
sided bias in the directional asymmetry of the upper limb bones, and to a much lesser extent, a left-sided bias in the lower limb bones.*?

Understanding asymmetry in commingled assemblages is important for the re-assessment of prior analyses and to facilitate the association of related
skeletal elements for forensic identification purposes. Visual pair matching of skeletal elements is commonly employed by anthropologists to associate
antimeres. Hence, any asymmetry could impact the ability of forensic practitioners to correctly and accurately match these paired elements. Minimal
differences affect the overall size, shape, and morphology, thus biasing visual assessment. During the preliminary analysis of the Battle of Tarawa
assemblage, a WWII battlefield population recovered from the Tarawa Atoll, Republic of Kiribati, asymmetries were noted between skeletal elements.
This pilot study examined the magnitude that visual and metric asymmetries have on this unique population.

The maximum long bone lengths in both upper and lower skeletal elements (humerus, radius, ulna, femur, tibia, and fibula), as well as the maximum
length of the clavicle were examined to determine the effects of directional asymmetry. Skeletal measurements, including the maximum length of these
bones, were recorded following standard procedure at the Defense POW/MIA Accounting Agency. These records were consulted and if left and right
measurements for any of these bones differed by 3mm or more, they were reported in a separate table. Following the formula provided by Auerbach
and Ruff, a calculation of directional asymmetry was computed for each bone: %DA=(right-left)/(average of left and right) X 100, where a negative
value suggests a left-side asymmetry and a positive value suggests a right-side asymmetry.? Values for each bone category were then averaged to obtain
the percentage of directional asymmetry.

These data follow the pattern seen by previous studies of a right-side bias in the upper limb (with the exception of the humerus) and a left-side bias in
the lower limb (with the exception of the fibula). The clavicle also displayed a left-side bias within this skeletal population. The lack of left-sided bias
in the fibula can be explained by the fact that it is not a weight-bearing bone and therefore is less sensitive to the pressures of differential loading and
remodeling. However, the absence of right-sided bias in the humerus is confounding. Based on previous data, and the presence of a right-sided bias in
the radius and ulna, a left-sided bias in the humerus is an unexpected result and may be a result of selective occupational stress or overuse.

Following asymmetry determination, paired t-tests were conducted on each bone group to determine significance of direction asymmetry within the
samples. In each case, the difference was found to be non-significant (p >0.05). This suggests that while asymmetry is present and affecting the skeletal
measurements of some cases, the differences were not statistically significant across bone groups.

This study supports the need for both visual and statistical assessment when pair-matching elements. Even though some elements were deemed visually
asymmetric, these observations did not correspond to overall differences between paired elements statistically. This is especially useful in dealing with
the Battle of Tarawa assemblage, because it comprises a relatively homogenous population demographically, which limits the utility of some of the
statistical pair-matching methods available.

The views of these authors do not necessarily reflect those of the Department of Defense or the Unites States government.

Reference(s):

L Latimer, H.B. and Lowrance, E.W. (1965). Bilateral Asymmetry in Weight and in Length of Human Bones. The Anatomical Record. 152(2), 217-
224 Auerbach, B.M. and Ruff, C.B. (2006). Limb Bone Bilateral Asymmetry: Variability and Commonality Among Modern Humans. Journal of
Human Evolution. 50(2), 203-218.

2 Kujanova, M., Bigoni, L., Veleminska, J., and Veleminsky, P. (2008). Limb Bones Asymmetry and Stress in Medieval and Recent Populations of
Central Europe. International Journal of Osteoarchaeology. 18(5), 476-491.
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Al7  Reassociating Commingled Human Crania With First Cervical Vertebrae: An Osteometric Approach

Vasiliki Louka, MSc, University of Athens, Athens, Attiki, GREECE; loanna Anastopoulou, BSc, University of Athens, School of Medicine, Athens
11527, GREECE; Konstantinos Moraitis, PhD*, University of Athens, School of Medicine, Athens 11527, GREECE

Learning Overview: After attending this presentation, attendees will understand the importance of using osteometric methods in sorting commingled
human remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a statistically valid method
of sorting skeletal remains from commingled assemblages, which can be supplementary to the traditional non-metric methods.

The sorting of human remains is crucial in situations where commingled remains are encountered, such as in mass disasters.! The cranium and first
cervical vertebra are often found in commingled contexts. As the cranium is an anatomical region used for sex and age estimation, it is important to
be attributed to an individual. The goal of this study is to provide a solid statistical method for reassociating commingled human crania with atlases using
measurements taken from both skeletal elements.

For this purpose, the maximum bicondylar breadth, the maximum internal length and width of the foramen magnum, and the maximum length of
the occipital condyles along their long axis were measured from 159 crania of the Athens Collection.? In addition, the maximum length and width
of the vertebral foramen, the maximum length of the superior facets, and the maximum distance between the lateral edges of the superior facets were
also taken.® The individuals included in this skeletal collection are of known sex, age, occupation, and cause of death. All specimens examined lived
during the second half of the 20™ century in Athens, Greece. The age of this sample ranged between 18 and 99 years.

Simple linear regression analysis produced a number of equations for reassociating the cranium with the atlas of the same individual using the
aforementioned measurements. A total of five equations were appointed as the best statistical models for predicting measurements of one skeletal
element using measurements of another. The chosen measurements presented a significantly strong correlation, with Pearson’s correlation
coefficient (r) ranging from 0.73 to 0.88 (p<0.05). The coefficient of determination (r?) of the five models had a range of 0.56-0.77. The
Standard Error of the Estimate (SEE) was between 1.26 and 2.15.

In conclusion, it is strongly believed that the regression models of this study are considered capable of matching the cranium and the atlas in a
commingled assemblage. Further research on the application of the above method is recommended.

Reference(s):

L Ubelaker D.H. Methodology in Commingling Analysis: A Historical Overview. In: Adams B.J., Byrd J.E., editors. Recovery, Analysis and
Identification of Commingled Human Remains. Totowa, NJ: Humana Press; 2008; 1-6.

2 Holland T.D. Sex Determination of Fragmentary Crania by Analysis of the Cranial Base. American Journal of Physical Anthropology. 1986;
70(2):203-208.

3 Marino E.A. Sex Estimation Using the First Cervical Vertebra. American Journal of Physical Anthropology. 1995; 97(2):127-133.
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Al8  Reassessing Determining Season at Death Using Dental Cementum Increment Analysis (DCIA) in Young
Adults

Vicki Wedel, PhD*, Western University of Health Sciences, Pomona, CA 91766; Timothy P. Gocha, PhD, Clark County Office of Coroner/Medical
Examiner, Las Vegas, NV 89106

Learning Overview: After attending this presentation, attendees will be familiar with the method used to determine season at death using DCIA,
presented with a reassessment of seminal (2007) data in comparison to data from two current studies. Attendees will be able to appreciate the
methodological, histological, and microscopy skills necessary to apply this method.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing updated accuracy rates, as
well as recommendations for the technological setup and analysis of dental cementum increment for season-of-death determination. This will inform
future histological research, resulting in higher quality forensic research and practice.

In 2007, Wedel published a study in which dental cementum increments, or annulations, were examined in 112 teeth extracted from consenting oral
surgery patients from Santa Cruz, CA.* Wedel reported that the season in which the tooth had been extracted (a proxy for date of death) could be
determined to be between April-September (spring/summer) or October-March (fall/winter), with 99% accuracy.! The method used had been adapted
from zooarchaeology and involved embedding the teeth, sectioning them on a low-speed saw, grinding and polishing the sections to 100 microns in
thickness, examining them under transmitted, polarized light, and determining whether the outermost band was optically bright (spring/summer) or
opaque (fall/winter).

Since 2007, others, including Meckel and Wescott, have attempted to replicate Wedel’s results and been unable to achieve the 99% accuracy rate.?
Meckel and Wescott report a 60% first-time and an 18% second-read accuracy rate from their analysis of teeth taken from 24 individuals aged greater
than 50 years.2 However, Meckel and Wescott did achieve accurate assessments of death in teeth from two individuals aged less than 22-years.? Meckel
and Wescott urge caution in applying the method to teeth from individuals greater than 50 years of age but were optimistic that the method could be
used in young adults.?

To look for corroborating or contrasting evidence of their results, this study re-examined teeth collected from the 18-25-year-old individuals in Wedel’s
original study. It is hypothesized that the outermost optically active annulation of extrinsic cementum can be distinguished from the outer edge of the
tooth, and that the original seasons noted by Wedel will be distinguishable in this study as well.

Forty teeth were available for this study, from which accurate assessments of season at death were made in 31 cases, for an accuracy rate of 78%. Two
teeth were deemed indeterminate because of abnormal tooth histology, and this study was incorrect in its assessments of season in seven instances, five
of which were teeth from transitional periods: late March through early April and late September through early October. This study, authored by two
experienced hard-tissue histologists, agreed on all but 3 of the 38 teeth for which season was assessed, yielding an inter-observer agreement rate of
92%.

This presentation proposes to detail the fine-tunings of working with optically active tissue at the curved or obliquely oriented tooth edge using the
polarized light and the fine focus mechanisms at 100x magnification. Included in the discussion will be the optimal tooth locations to observe the
outermost band of optically active acellular extrinsic fiber cementum, in addition to limitations of applying this highly technical method to human
teeth. Reasons for discrepancies between Wedel’s and these results will be discussed, as will be the differences between this sample and Meckel and
Wescott’s sample.t?

Reference(s):

L Wedel, V.L. 2007. Determination of Season at Death Using Dental Cementum Increment Analysis. J Forensic Sci. 52(6): 1334-1337.

2 Meckel, L.A, Wescott, D.J. 2017. The Utility of Dental Cementum Increment Analysis for Estimating Season-of-Death in Naturally Decomposed
Skeletons. Poster presented at the 87" Annual Meeting of the American Association of Physical Anthropologists-Austin, TX.
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Al19  The Application of Textile Biodeterioration Rates to Postmortem Interval (PMI) Estimation

Randi Marie Depp, BS*, Mercyhurst University, Erie, PA 16546; Kellie Jones, BA*, Las Vegas, NV 89130; Jennifer L. Webb, BS*, Mercyhurst
University, Erie, PA 16546; Jessica T. Novak, BA*, Erie, PA 16504

Learning Overview: The goals of this presentation are to provide a literature review of all studies regarding rates of clothing deterioration as well as
a test of the concept using forensic cases from Mercyhurst University.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving data collection for textiles
on a forensic scene and potentially improving PMI estimates.

Most attempts at estimating PMI rely on the physical condition of the human remains; however, the rate of decomposition is altered by many
contributing factors, such as weather and season of the year. This greatly complicates PMI estimates. Given that the clothing an individual is wearing
at the time of deposition is subject to the same elements as the remains, it is hypothesized that clothing will also exhibit a progressive rate of
decomposition that could improve PMI estimates. In theory, textiles of the same composition should degrade along a predictable timeline, thus
providing a way to estimate PMI. To date, very little has been produced in the way of textile research within the forensic sciences. Most studies that
reference clothing do so only anecdotally, with a majority of the published research focusing on how the presence or absence of clothing affects the
decomposition rate of remains.

The goal of this study is to provide a comprehensive literature review of all studies that discuss rates of clothing deterioration. As the studies are
scattered across multiple journals and multiple fields, it is necessary that all relevant literature be synthesized in one place. This study also tests the
concept on 19 forensic cases from 2006 to 2018 from Mercyhurst University to determine whether a significant correlation exists between the known
or estimated PMI and the state of clothing deterioration. This test is twofold: first, it will apply textile degradation as an estimate of PMI to actual
forensic cases, and, second, it will create reliable protocols and best practice guidelines for the documentation and assessment of clothing at forensic
scenes.

As inconsistent scoring methods and a lack of well-defined procedures were the leading issues in most studies reviewed in the literature, well-defined
protocols and a centralized source of comparative data will improve future endeavors. Mercyhurst cases were selected based on scene type and
availability of textile information via photographs. The textiles were assessed based on amount of deterioration observed from photographs taken on
scene or in the laboratory. Each type of material present was scored ordinally from 1-4, with 1 being 100% remaining, 2 being 99%-50% remaining, 3
being 49%-1% remaining, and 4 being 0% remaining (where the presence of a tag or zipper indicated that specific textiles had been present at one
time). The data was then subjected to statistical analyses to determine if there was a correlation between the known or estimated PMI and the rate of
biodeterioration.

Spearman’s Rank Correlations were calculated utilizing Past 3.20 software to test the relationships between the minimum, maximum, and average PMI
and biodeterioration rate. Power analysis was conducted with G*Power software to determine the target sample size. Four separate Spearman’s Rank
Correlation tests were conducted with a set to 0.05. Unfortunately, no conclusions can be drawn about the relationship between textile biodeterioration
rates and PMI with the current limited sample size. However, a potential pattern was observed for the blended textiles category. The p-value for this
material was 0.47143 and r was 0.34718. While this result is also not significant, it suggests that given a larger sample size, a relationship may exist.
Many cases were available for analyses that fit this study’s parameters; however, cases or textiles excluded from this analysis were lacking in at least
one of two areas: (1) documentation of textile composition (typically found on a tag); and (2) clear overall photographs of the textiles spread out to
determine the amount of deterioration. It is anticipated that textile biodeterioration rates and PMI will be significantly related given more scorable data
and improved documentation and assessment protocols.

Biodeterioration, Textiles, Postmortem Interval
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A20  Best Practices for Macerating Cartilage

Alexis M. LaGoy*, Baldwinsville, NY 13027; Tessa Somogyi, MA*, Binghamton University, Binghamton, NY 13902; Elizabeth A. Evangelou, MA*,
Binghamton University, Binghamton, NY 13905; Elizabeth A. DiGangi, PhD*, Department of Anthropology, Binghamton, NY 13902

Learning Overview: After attending this presentation, attendees will understand the need to adopt minimally destructive and easily available methods
for removing extraneous soft tissue from thyroid cartilage, which is frequently damaged by tools or harsh methods during the macerating process.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing useful, realistic, and
minimally destructive methods for the removal of soft tissue from cartilage, identified via the use of store-bought raw pig ears as proxies for human
tissue.

The thyroid cartilage is the uppermost cartilage in the human larynx, serving the purpose of supporting and protecting the vocal cords, as well as
providing an attachment site for laryngeal muscles and the hyoid bone via the thyrohyoid membrane. In forensic contexts, visible abnormalities on the
thyroid cartilage may be indicative of trauma, especially in forensic cases involving asphyxiation. The thyroid cartilage may bear ligature marks, broken
superior horns, or even scratches. These can aid in determining the cause and/or manner of death.! Similarly, the position of ligature marks on the
thyroid cartilage may distinguish between a suicide by hanging or homicidal strangulation. The thyroid cartilage must be cleaned and free of
surrounding soft tissue before these marks can be clearly observed.

While much has been written in the literature about processing bones, little information exists about a proper way to process the thyroid cartilage.
While cool water maceration will remove extraneous soft tissue from the cartilage, this method often takes weeks to months. Manual removal of soft
tissue is a much faster process; however, it requires the use of tools, which may result in inadvertent cut marks.

The study described here tested several methods to process cartilage from 40 pig ear portions. Pig ears were chosen as a proxy for human thyroid
cartilage because they are approximately the same thickness as human thyroid cartilage and are readily available at supermarkets. Unlike thyroid
cartilage, which is a firm hyaline cartilage, pig ears are composed of a slightly more malleable elastic cartilage. However, both hyaline and elastic
cartilage are composed of type Il collagen and possess perichondrium, making them similar enough to use for the purpose of this experiment. The pig
ears were quartered and cut to mimic the average dimensions of a thyroid cartilage. Ears were first subjected to sharp force trauma with a scalpel,
producing cuts 3cm in length without completely penetrating the cartilage, before processing to determine if the processing method damaged the
cartilage or cut mark in any observable fashion.

Four processing methods were utilized. These methods included: (1) dermestid beetles; (2) cold water maceration; (3) heat maceration; and (4) chemical
maceration with 300mL solutions of (a) laundry detergent, (b) sodium borate, (c) bleach, (d) multi-purpose cleaner, (e) meat tenderizer, (f) papain, and
(9) hydrogen peroxide. Four portions of pig ears were used to test each processing method.

A 19-point scoring system adapted from Steadman and colleagues was used to test the efficacy of the maceration methods.? The scores are based on
odor (0-3), soft tissue texture (0-3), ease of soft tissue removal (0-5), cartilage quality (0-5), and duration (0-3). For each item in the scoring system, a
higher number indicates best-case scenario (i.e., a method scoring a 3 for odor will have generated little to no odor). Methods receiving a higher point
score are deemed better because they do well in multiple categories.

With a final score of 18/19, a solution of 1tsp of sodium borate to 300mL water at 150°F for two hours was found to be the best method for removing
the surrounding tissue from pig ear cartilage, as it was quick, cost effective, and required no processing tools for soft tissue removal. In contrast,
hydrogen peroxide earned a score of 4/19 as this method compromised the integrity of the pig ear cartilage.

This research provides a foundation for future testing of best practice methods for removing surrounding tissue from human thyroid cartilage.

Reference(s):

L Mariam Arif. Ligature Mark on the Neck; How Elucidative? The Professional Medical Journal. 22, no. 6 (2015): 798-803.

2 Dawnie Wolfe Steadman, Lisa L. DiAntonio, Jeremy J. Wilson, Kevin E. Sheridan, and Steven P. Tammariello, The Effects of Chemical and Heat
Maceration Techniques on the Recovery of Nuclear and Mitochondrial DNA from Bone. Journal of Forensic Science. 51, no.1 (2006): 11-17.
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A21  Integrating Forensic Anthropology and Cold Case Databases: A Look at Resolved Unidentified and
Missing Persons Cases in Louisiana

Emily F. Wiegers, MA*, LSU FACES Laboratory, Baton Rouge, LA 70803; Teresa V. Wilson, PhD, Louisiana State University, Baton Rouge, LA
70803; Ginesse A. Listi, PhD, LSU Geography & Anthropology, Baton Rouge, LA 70803; Maria T. Allaire, MA, LSU FACES Laboratory, Baton Rouge,
LA 70803; Larry J. Livaudais, Jr., MS, LSU FACES Lab, Baton Rouge, LA 70803

Learning Overview: After attending this presentation, attendees will understand the effective role of forensic anthropology in the development of a
localized database for long-term unidentified and missing persons cases, commonly referred to as “cold cases.”

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating the importance of a
collaboration between forensic anthropology, law enforcement, and the public for the successful resolution of cold case unidentified and missing
persons investigations at a local level.

Enacted in 2006 by Louisiana state legislative action, the Louisiana Repository for Unidentified and Missing Persons Information program is
administered by the Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) Laboratory. In addition
to the formal Repository database, anthropologists also maintain a comprehensive and fully searchable website that is available to the public
(identifyla.lsu.edu). The website contains biographical and anthropological information for unidentified and missing persons cases within Louisiana
that users can search specifically or browse generally.

While national and international databases are available to the public (e.g., NamUs, Doe Network), the additional option of a state-level database allows
those who have a more specific inquiry to focus a search that may otherwise seem overwhelming in the larger databases. A goal of the LSU FACES
Laboratory is to diligently collect anthropological and biometric data for unidentified remains and biographical information about missing persons
from Louisiana law enforcement agencies to augment the Repository. The Repository aims to assist in the resolution of cold cases by employing
anthropological methods that link biological data of unidentified remains with the sociocultural knowledge of local communities with missing
loved ones.

Attendees will be presented with two examples of Louisiana cold cases, both spanning approximately 35 years, that were resolved with the help of
information gained from public use of the Repository website. The first example outlines a case of unidentified human remains discovered in 1981.
Anthropological data and forensic images were disseminated to the public until a similarity was detected by a citizen between a facial approximation
created at the LSU FACES Laboratory and a missing persons report of a young Michigan woman last heard from in Louisiana. The second example
regards the search results of a Tennessee woman curious about the enigmatic background of her deceased mother. Only knowing that her mother was
from Louisiana, the woman perused the Repository website and found an image that helped direct her search. While widespread media attention can
be helpful in resolving such cases, many unidentified and missing persons cold cases do not get publicized in the national media. For the cases
highlighted here, neither of which garnered national attention, local communities and individuals searching with a Louisiana focus were able to use the
Repository website, ultimately aiding in the resolution of these cases.

The purpose of this presentation is to discuss methods used by the LSU FACES Laboratory and the Repository for the resolution of unidentified and
missing persons cases through the continued devotion of forensic anthropologists, law enforcement agents, coroner’s offices, and local communities to
maintain the accessibility and visibility of Louisiana cold cases.

Database, Cold Cases, Forensic Anthropology
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A22 Introduction of a Mobile Digital Database System for Standardization, Quality Assurance, and Efficiency
in Forensic Anthropology Casework

Christine M. Pink, PhD*, Metropolitan State University of Denver, Denver, CO 80217-3362; Rebecca E. Bria, PhD, University of Minnesota,
Minneapolis, MN 55455

Learning Overview: The goal of this presentation is to offer a portable and user-friendly Graphic User Interface (GUI) for more efficient and
standardized data collection, analysis, peer review, and reporting in forensic anthropology.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a mobile digital database
system whose widespread implementation would stimulate significant improvement of practitioners’ ability to efficiently document field recoveries
and laboratory analyses. Additionally, the system would enhance performance in the discipline by allowing for uniform work products, rapid peer
review, and consistency in training.

Standardization of the practice of forensic anthropology has been a primary focus within the discipline since it was formalized in the 1970s with the
establishment of the (Physical) Anthropology section of the American Academy of Forensic Sciences (AAFS) and the American Board of Forensic
Anthropology (ABFA). The bulk of these efforts are concentrated on the improvement of inter-observer error, validation of methods for skeletal
analysis, and, more recently, taphonomy and human remains recovery. Less attention has been paid to consistency in the types of data recorded during
recoveries and laboratory analyses. This may be due to heterogeneity in training programs for forensic anthropologists. Furthermore, guidelines for
agreed-upon best practices in this rapidly advancing discipline were last updated 5-8 years ago.! To address this lack of a discipline-wide data collection
protocol, this presentation introduces a Mobile Digital Database System (MDDS) for the documentation, management, and analysis of data for forensic
anthropology casework.

A systematized digital protocol for documentation would drive uniformity, and thus improve quality of work products across forensic anthropology.
The MDDS is a custom application based on an existing and highly successful system designed for archaeological applications using FileMaker Pro®
software.? The application, which is compatible with a wide range of mobile devices, computers, and the web, establishes a digital workflow with an
easy-to-use GUI for selecting from predefined menu options (e.g., method used, character state, soil texture, etc.), entering text notes, and recording
other objective data, such as photos, maps, and sketches. Additionally, the user may quickly refer to methodological references within the application.
The goals of the MDDS are to: (1) streamline and systemize data entry for improved speed and accuracy; (2) link data as it is collected via a relational
database; and (3) link objective data (photos, scores, etc.) with the analyst’s interpretations.? Data can also be encrypted to maintain the security of
sensitive evidentiary information. Because the data entered in these forms are linked in a relational database, the MDDS allows the user to review
findings quickly and produce a formatted report. Data may also be auto-populated to existing forms, such as those for submission to the Forensic
Data Bank.

This study envisions the MDDS as a practical tool for accessing references, gathering data, recording field and bench notes, and summarizing
interpretations. Two or more practitioners using the system can easily and securely share files for the purpose of peer review within or between
institutions. The system can also be introduced during training as a way to standardize graduate education in forensic anthropology. Within the
application, users may make suggestions and comments that can be considered by a regulating body for updates to the system. Ideally, the MDDS
would be reviewed for content by the ABFA and the National Institute of Standards and Technology (NIST) Anthropology Subcommittee at regular
intervals.

Reference(s):

L Discipline-specific baseline documents. (26 April 2018). Retrieved from https://www.nist.gov/topics/forensic-science/anthropology-subcommittee.

2 PBria, R.E. and K.R. DeTore. 2016. Enhanced Archaeological Data Collection and student Learning With a Mobile Relational Database. In E.W.
Averett, .M. Gordon, and D.B. Counts (Editors), Mobilizing the Past for a Digital Future: The Potential of Digital Archaeology. Grand Forks,
ND: The Digital Press @ The University of North Dakota Grand Forks.

Mobile Digital Database, Quality Assurance, Standardization

Copyright 2019 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 - 68 -



https://www.nist.gov/topics/forensic-science/anthropology-subcommittee

Anthropology — 2019

A23 A Geospatial Database for Coroner Records: Developing a Collaborative Partnership to Facilitate
Undergraduate Research

Katherine E. Weisensee, PhD*, Clemson University, Clemson, SC 29634

Learning Overview: After attending this presentation, attendees will understand the scope of the project and the benefits and difficulties of
implementing a similar project at their institution. The goal of this research project focuses on working with the Pickens County Coroner’s Office to
create a digital database of death investigation records in the county over the past several decades.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by outlining a collaborative research
project undertaken at Clemson University. Currently, records are only available in paper files. A digital database allows for the examination of detailed
trends related to deaths in the county from both temporal and spatial perspectives.

The Pickens County Office of the Coroner requested assistance in creating a digital database of death records to preserve and archive information,
identify inconsistencies within the records, and examine temporal and spatial trends related to deaths in Pickens County over the past several decades.
Over the past year, a relational database was developed using the GeoForm application in arcGIS®. Team members enter data from the paper files into
the relational database with protocols in place to ensure accuracy and privacy during the data entry process. Following the data entry process or
concurrent with the data entry, students will investigate trends in deaths in the county. This research project provides an important service to Pickens
County, and it will provide the opportunity for students to work on real-world research projects.

This presentation will outline the structure of the project, including developing a collaborative relationship between the university and county
government, recruiting student research assistants, clearing hurdles with the university legal office, and the benefits of using a geospatial database for
preserving these types of records. The improved structure of the database in comparison with the previous electronic recordkeeping system will be
discussed. The data that is collected as part of this project is associated with other available spatial databases from the county to the level of the
consensus block, including factors related to patterns of deaths such as poverty rates, educational attainment, and percent of income spent on alcohol.
This presentation will provide attendees with a model of a project that could be implemented on their campus. This type of research project has proven
beneficial to the university, county government, and students as well as creating a database that can be used to address several questions of interest to
forensic scientists. The availability of this type of data from a rural county in the southeastern United States is a unique data source and provides
additional information compared to other datasets from mainly urban areas. Forensic anthropologists frequently serve in undergraduate programs and
it may be difficult to incorporate these students into research projects. This research project has proven successful for allowing students to participate
in the research process and develop marketable skills in database development and management.

arcGIS®, Service Learning, Undergraduate Research
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A24  Hidden in a Dark Past: The 1887 Thibodaux Massacre of Black Sugarcane Workers

Davette N. Gadison, MA*, Tulane University, New Orleans, LA 70118; Mark Rees, PhD, University of Louisiana Lafayette, Lafayette, LA 70503

Learning Overview: After attending this presentation, attendees will understand how hidden histories perpetuate modern-day cycles of structural
violence and how applied forensic anthropology can work within communities to break this cycle.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an understanding of the
contemporary social relevance of preliminary forensic anthropology casework involving historic human rights violations.

In November of 1887, underpaid Black sugarcane laborers went on strike in Lafourche Parish and surrounding parishes in south Louisiana. The refusal
of sugarcane planters to negotiate better wages and working conditions led to violence on November 23, 1887, in Thibodaux, when a group of White
vigilantes sought out and gunned down unarmed Black laborers, including their families.! The murderers targeted Black neighborhoods. The systematic
killings lasted a minimum of two hours. At least 8 individuals were killed, based on medical examiner records, although oral histories suggest 30 to 60
individuals were murdered.* According to oral accounts passed down within the community, the remains of the victims were buried in a mass grave on
property owned by the city of Thibodaux. By the 1920s, the land was being used as a city dump with an incinerator. Today, the purported location of
the mass grave is owned by the historically Black Raymond Stafford American Legion Post No. 513, which is located on the property.

Not only was this event hidden from history by the absence of written records, but stories of the event have also been altered as they have been passed
down from one generation to the next.2 Perceptions of the event in community memory have been split into two starkly different accounts. Modern
descendants of the individuals that perpetrated the massacre and others in the community provide a diluted account of the events that took place on
November 23, 1887. Their knowledge of the event portrays a mere skirmish in which disgruntled African American sugarcane laborers needed to be
taught a lesson. In contrast, descendants of the victims offer a more vivid and horrifically detailed account of a massacre.?

The 1887 Thibodaux massacre resulted in the subjugation of Black community members in Thibodaux to various forms of violence and inequity, not
unlike the different forms of structural violence that permeate many other communities across the United States. This structural violence reinforces
inequalities and represents an injustice perpetuated throughout subsequent generations. Forensic anthropology, cultural anthropology, and forensic
archaeology can unearth the truth by uncovering the actual physical evidence of historic events. In bringing to light historic events that have been
intentionally hidden and altered, an investigation of the Thibodaux massacre challenges the veracity of dominant history. To date, there has been
community outreach and a preliminary archaeological and geophysical investigation of the presumed gravesite. Based on the results of this
investigation, recommendations will be made for additional fieldwork, including excavation, community outreach, and descendant interviews.

The forensic scientific community stands to benefit from working with communities in illuminating hidden histories. The 1887 Thibodaux massacre
was one of many instances of organized, post-Reconstruction violence in the United States. In addition to racially fueled hatred for formerly enslaved
people and their descendants struggling to achieve equal rights, the hidden history of Thibodaux reveals individuals and families striving to attain
humane working conditions above starvation wages.

Reference(s):
L DeSantis J. The Thibodaux Massacre: Racial Violence and the 1887 Sugar Cane Labor Strike. Charleston: The History Press, 2016.
2 DeSantis J. Phone communication with author, April 24, 2018.
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A25  The Use and Misuse of Transition Analysis: An Assessment of the Boldsen et al. Age-at-Death Estimation
Method

Sara M. Getz, PhD*, Idaho State University, Pocatello, ID 83209-8005

Learning Overview: The goal of this presentation is to increase awareness of the proper use of the Transition Analysis (TA) age-at-death estimation
method and its associated software, as well as to present a large-scale assessment of the method’s performance across the adult lifespan.?

Impact on the Forensic Science Community: This presentation will impact the forensic science community by making practitioners aware of some
of the most common mistakes made in the application of the TA method and will equip individuals to make informed decisions about the selection of
appropriate software parameters for use in forensic contexts.

TA is the only existing adult age-at-death estimation method capable of statistically combining information from features of the cranial sutures, pubic
symphyses, and iliac auricular surfaces.! Using an associated free computer program, probabilistic age information for independently scored traits and
their character states in each skeleton are combined to produce a maximum likelihood estimate of age. This estimate can then be statically adjusted
based on prior information about the age structure of the population the individual likely came from. The final result is a probabilistically tailored
maximum likelihood point estimate of age with a confidence interval for each individual based on the skeletal features present and the consistency of
the age information provided by each trait. Although TA is not as widely used as many traditional methods for the pubic symphysis and auricular
surface, it has become increasingly popular in recent years. Increased visibility at professional conferences and in peer-reviewed journals has revealed
several common areas of confusion in both the interpretation of trait definitions and the analysis of data using the TA software. In addition to clarifying
common points of confusion, this presentation uses a large sample of documented individuals to demonstrate the method’s accuracy and precision in
each decade of adulthood, discusses the effects of using sex- and ancestry-specific reference samples, and describes the impact of using the
archaeological and forensic prior distributions.

A sample of 839 individuals (579 males and 260 females) from five documented skeletal collections—Athens, Maxwell Museum Donated, JCB Grant,
Ul-Stanford, and St. Bride’s Crypt—was evaluated between 2014-2016. Age was estimated for each individual using the latest version of the TA
software (ADBOU 2.1.046). Prior to analysis, the TA program requires the selection of sex (male, female) and ancestry (White, Black) categories, as
well as the selection of a prior distribution (archaeological, forensic). Selecting unknown for sex, ancestry, or both, results in the use of combined
reference sample data; however, the resulting changes in the accuracy and precision of age estimates have not previously been demonstrated. Thus, in
this study, age was calculated for each individual using the appropriate sex- and ancestry-specific categories indicated by collection documentation, as
well as each of these in combination with an unknown sex or unknown ancestry, respectively.

In addition to a uniform prior—one in which an individual of every age is equally likely to die—the TA program includes two informed priors: a
“forensic” distribution based exclusively on homicide data compiled by the Centers for Disease Control and Prevention (CDC) and an “archaeological”
distribution derived from 17"-century rural Danish parish records that represents normal human mortality. Although the forensic distribution should
be used only in forensic cases where homicide is suspected, as a result of its name, this distribution is often indiscriminately applied to all forensic
cases. Previously published work has demonstrated the differences between estimates produced using the uniform and archaeological priors are minor
until late adulthood (80+ years); however, the effects of the forensic prior have not previously been explored. Therefore, in this study, each sex and
ancestry combination was also evaluated using the uniform, forensic, and archaeological distributions to allow for a systematic evaluation of the
changes produced in different portions of the adult lifespan.

These analyses demonstrate that use of the archaeological distribution appears to marginally improve accuracy with the uniform distribution. In contrast,
inappropriate use of the forensic distribution greatly reduces accuracy, particularly in older age categories. Although the overall performance of TA
falls short of what is needed for forensic applications, particularly between 45 and 75 years of age, it represents a substantial improvement over
traditional techniques. The method generates individualized age estimates for all of adulthood and, when used correctly, produces relatively high
accuracy relative to the precision of its intervals. Additionally, contrary to common expectation, the method produces estimates with similar accuracy,
but with greater precision, for the oldest individuals (80+ years) than for individuals in middle age. This effect is seen despite the method’s reliance on
the cranium and pelvis. Thus, this investigation demonstrates that the transition analysis approach represents a promising avenue for the improvement
of adult age estimation if additional features can be identified and integrated into the procedure.

This research was supported by a National Science Foundation Doctoral Dissertation Research Improvement Grant.

Reference(s):

L Boldsen, J.L., Milner, G.R., Konigsberg, L.W., and Wood, J.W. Transition Analysis: A New Method for Estimating Age From Skeletons. In:
Hoppa R.D., Vaupel, J.W., editors. Paleodemography: Age distributions from skeletal samples. Cambridge, UK: Cambridge University Press,
2002; 73-106.
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A26 A New Method for Adult Skeletal Age Estimation Using Transition Analysis: TA3

Stephen D. Ousley, PhD*, Mercyhurst University, Erie, PA 16546; George R. Milner, PhD, Pennsylvania State University, University Park, PA 16802;
Jesper L. Boldsen, PhD, ADBOU, Institute of Forensic Medicine, 5260 Odense S, DENMARK; Sara M. Getz, PhD, Idaho State University, Pocatello,
ID 83209-8005; Svenja Weise, PhD, Institute of Forensic Medicine, Odense, DENMARK

Learning Overview: After attending this presentation, attendees will better understand a new system for adult age estimation from the skeleton. The
system comprises new trait definitions and scoring procedures, new analytical methods for age estimation, and new software that facilitates the entire
process.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by addressing a significant gap in best
practices in the forensic anthropological approaches to adult age estimation. This method is based on more than 1,600 skeletons from around the world,
exhibits little bias in estimating age in individuals approximately 20 to 100 years old, and can use numerous traits from throughout the skeleton.

Accurate and precise age estimates are crucial for identifying skeletal remains. Age intervals assigned to skeletons can rarely provide support for
individual identifications. Current age estimation methods for adults are characterized by biased point estimates of age accompanied by prediction
intervals that usually span several decades to include virtually all of adulthood. Moreover, open-ended categories such as “50+” are often used because
the currently used traits provide no further information after 50 years of age. Clearly, new skeletal traits are needed to better estimate age.

Creating a new system involved defining and refining the new skeletal traits, assessing inter-observer differences, establishing trait age distributions,
employing new statistical and machine learning analytical procedures, and developing user-friendly software for scoring traits and estimating age.

Observations were collected from 136 traits, 39 of which are bilateral, from more than 1,600 known-age adult skeletons from four continents to
accommodate regional and ancestry-related variation in the aging process. The new system, TAS3, is an improvement on Transition Analysis, which has
focused solely on the pelvic joints and cranial sutures. TA3 uses many newly defined traits distributed throughout the skeleton. Most traits were scored
as binary, either present or absent, usually reflecting additional bone formed over time, such as lipping near joints; judging bones as “light” is an
example of scoring bone loss; weights and lengths of certain bones were recorded to quantify bone density; other traits were scored as ordinal traits,
depending on the attainment of certain thresholds. Subjective stages defined by numerous features were avoided. The traits that undergo a fast transition
from one state to the next during adulthood are especially valuable. Several statistical and machine learning methods were used to combine information
from multiple traits to yield valid age estimates and prediction intervals.

The most important general result of this research is that there are numerous traits throughout the skeleton that show changes throughout the human
lifespan, enabling more accurate estimates without large open-ended age intervals such as “50+.” The mean correlation for all traits with age is 0.46,
and some are far more useful than others. The ordinal traits are often expressed in general age distribution categories of “young” (20 to 40), “middle
aged” (40 to 60), or “older” (at least 60). As a result, TA3 yields far better age estimates throughout adulthood than any other currently used method.
For example, a single trait from the femur (fovea margin smooth vs. lipping) shows a more rapid transition and provides a much better age estimate
than Suchey-Brooks stage 5 vs. stage 6. The latter finding illustrates the value of defining simple traits from any skeletal area rather than through
divining complicated stages by observing many trait states in a few areas.

Other important results include: the cranium appears to have little age-relevant information; subjective “lightness” of bones is valuable in estimating
older ages; vertebral and humeral traits are very informative; many traits show high intercorrelations, and bilateral traits are, for the most part, very
highly correlated; marked asymmetry seems restricted to one trait from the ulna.

The analytical methods are still being refined but results so far show age estimates with 95% prediction intervals of as small as +/-10 years, and most
importantly, with little to no bias in age estimation between 20 and 100 and no plateau in age estimates. Using more traits from different bones provides
more accurate estimates. Also, because TAS can use bony features distributed throughout the body, meaningful age estimates are possible for incomplete
skeletons, which often is essential in forensic investigations.

This project was funded through a National Institute of Justice (N1J) award.
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A27  New Solutions for Old Problems? Examining Machine Learning as a Strategy for Age-at-Death Estimation

Melissa Ann Brown, MA*, Western Michigan University, Kalamazoo, MI 49006; Dillon G. Daudert, BS, Kalamazoo, MI 49006; James Jenkins, BS,
Galesburg, MI 49053

Learning Overview: The purpose of this presentation is to provide the forensic science community with a review of machine learning computational
approaches, while assessing its utility to age-at-death estimation. After attending this presentation, attendees will better understand the essential nature
of machine learning and the impediments to implementing such technology in applied contexts.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by explicating the challenges of applying
machine learning, a novel computational approach, to complex skeletal analysis, while providing guidance on best practices for future research.

This research examines the efficacy of a machine learning approach known as a Convolutional Neural Network (CNN) to the estimation of age-at-
death by analysis of 3D scans of the pubic symphysis. Machine learning, a subfield of computer science, is a process that allows computers to execute
decision-making tasks without specific human supervision. CNNs are especially successful in tasks relating to image categorization. CNNs have
demonstrated competency greater than trained professionals in medical contexts.! A preliminary evaluation of a CNN’s capacity to accurately assess
age at death relative to trained osteologists was conducted to determine if this technology is potentially useful in forensic evaluation.

A CNN was built using the TensorFlow™ v1.7 open-source software library. To allow the CNN to learn associations between pubic symphysis
morphology and age, it was provided a training batch of 3D images of the pubic symphysis from decedents of known age at death. Training images
were created using the NextEngine® 3D Desktop Scanner. Scans were collected from individuals in the Hartnett-Fulginiti Collection of modern
American pubic symphyses. The left aspect of the pubic symphysis of n=292 male individuals, aged 18-99 years, were scanned, processed, and
provided to the CNN. After training, the CNN was tested on a novel selection of n=16 individuals chosen to proportionally represent the age distribution
of the training sample. To provide a litmus for CNN performance, osteologists were recruited and asked to assess the same test sample. Volunteers,
evaluating real bone, were asked to assign individuals to a Suchey-Brooks phase score.

Currently, results indicate that CNNs are not a viable approach to age-at-death estimation. CNN-generated ages are produced by a linear regression
function output method which ubiquitously overestimates age in younger individuals, while underestimating the age of the elderly. Further, the CNN
is prone to error where humans are not, such as misinterpreting postmortem damage that volunteers can easily recognize. The CNN does excel at
assigning accurate age-at-death estimates for middle-aged individuals, which are accurate within ten years. However, because of the CNN’s habit of
producing middling values, these results must be regarded cautiously.

The trend toward middle-age value outputs is likely reflective of population biases in the training set, wherein middle-aged individuals account for
more than half of all training data. Evidence that demonstrates CNN learning may be found in cases where both the CNN and observers anomalously
misclassified individuals in accordance to non-normative morphology, such as marked overestimation of age in a 21-year-old displaying unusually
advanced skeletal changes. This suggests that further training of the CNN with a deliberately biased data set to compensate for deficiencies in experience
among the young and elderly will improve output results. However, meeting the training demands of a CNN, which often require many thousands of
samples for high accuracy, may not be feasible given the nature of the data required. Further, natural morphological diversity may preclude refining
age estimates much further beyond current methods. Such challenges, which are unique to anthropology, may preclude integrating machine learning
approaches to applied osteology.

Reference(s):
L Esteva, Andre, Brett Kuprel, Roberto A. Novoa, Justin Ko, Susan M. Swetter, Helen M. Blau, and Sebastian Thrun. Dermatologist-Level
Classification of Skin Cancer with Deep Neural Networks. Nature. 542, no. 7639 (Feb 2017): 115-18.
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A28 Bone Mineral Density (BMD) as an Indicator of Age at Death in Forensic Anthropology: A Test of DXAGE

Jonathan D. Bethard, PhD*, University of South Florida, Tampa, FL 33620-8100; Jacqueline M. Berger, MS, University of South Florida, Tampa, FL
33620-7200; Justin R. Maiers, MS, University of South Florida, Tampa, FL 33647; Ann H. Ross, PhD, North Carolina State University, Raleigh, NC
27695-7614

Learning Overview: After attending this presentation, attendees will understand how BMD can be utilized as an age-at-death indicator in forensic
anthropological contexts.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that forensic
anthropologists may be able to utilize easily obtainable and quantitative BMD parameters for estimating age at death.

Estimating the age at death of individuals represented only by skeletonized human remains is a fundamental aspect of forensic anthropological
casework. Traditionally, forensic anthropologists utilize macroscopic features of the skeleton to arrive at these age-at-death estimates; however, in
many instances, the most common age indicators are absent or can only be used to arrive at broad, forensically useless age estimates. In addition,
forensic anthropologists have difficulty accurately and precisely estimating age at death in individuals older than 50 years due to variation in the aging
process. To rectify these shortcomings, several researchers have proposed that BMD is a useful predictor of age at death in forensic anthropological
contexts. Given the well-known relationship between increasing age and decreasing BMD, scholars have hypothesized that age-at-death estimates can
be generated from the analysis of BMD. Moreover, BMD data are quantitatively generated from bone densitometry scans and remove issues related to
observer subjectivity.

Navega et al. utilized BMD data from femora of 100 individuals drawn from the Coimbra Identified Skeletal Collection in Coimbra, Portugal.! Navega
and coworkers utilized artificial neural networks and created a user-friendly, web-based interface called DXAGE. DXAGE permits forensic
anthropologists to generate age-at-death estimates from one or more BMD variables. A predicted age, as well as a minimum and maximum age-at-
death estimate, are also calculated by DXAGE.! One of the advantages of a neural network is that it can efficiently model difference response layers,
while a major limitation is that the results are not easily interpretable as there is not a direct path from x to y variables as in regular regression. Thus,
the purpose of this study was to test DXAGE by utilizing BMD data from the National Health and Nutrition Examination Survey (NHANES).

A subset of NHANES femoral BMD data from 470 females over the age of 20 years was utilized. Using the NHANES BMD data, age was calculated
in DXAGE and these predicted ages were compared to the known ages from the NHANES dataset. The mean difference between predicted and actual
ages was assessed with the Matched Pair platform in the statistical package JMP 13.1, which compares row-by-row differences between two response
columns (i.e., predicted age and actual age) using a paired t-test. In addition, comparisons were made within age decades to explore the decades with
the greatest difference. Results demonstrate that there is a weak correlation between predicted and actual age (r=0.47). Results also show that there is
a significant difference between predicted age and actual age in the overall model (Prob > | t | <.0001; Mean Difference F Ratio 34.82) and show that
on average DXAGE under ages individuals by 7 years (Mean Difference = -7.2 years). In the youngest age category (20-29 years), the Mean Difference
is 7.47 years. In other words, in this younger age cohort, DXAGE on average over ages by 7.5 years. The age category with the least mean difference
is 30-39 (Mean Difference=0.65 years). DXAGE under ages individuals in the remaining age categories: by 5.3 years in the 40-49 age group; by 9.7
years in the 50-59 age group; by 15.45 years in the 60-69 age group; by 24.44 years in the 70-79 age group; and by 23.1 years in the 80+ age group.
Overall, this study demonstrates that BMD data may be of use to forensic anthropologists for generating age-at-death estimates.

Reference(s):
1 Navega D., Coelho J.D., Cunha E., Curate F. DXAGE: A New Method for Age At Death Estimation Based on Femoral Bone Mineral Density
and Artificial Neural Networks. Journal of Forensic Sciences. 2018;63(2):497-503.

Age-At-Death Estimation, Bone Mineral Density, DXAGE

Copyright 2019 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 -74 -




o Anthropology — 2019

A29  Age Estimation on Two Mediterranean Populations Using Rib Histomorphology

Julieta Gomez Garcia-Donas*, University of Edinburgh, Edinburgh, Scotland EH8 9AG, UNITED KINGDOM; Andrea Bonicelli, MSc, University of
Edinburgh, Edinburgh EH8 9AG, UNITED KINGDOM; Caroline Lill, MSc, University of Edinburgh, Edinburgh, Scotland EH8 9AG, UNITED
KINGDOM; Robert R. Paine, PhD, Sociology & Anthropology; FS Program Director, Lubbock, TX 79409; Elena Kranioti, PhD, Edinburgh Unit for
Forensic Anthropology, Crete, GREECE

Learning Overview: After attending this presentation, attendees will better understand histological methods, both protocols and anthropological
applications. A discussion on bone remodeling and its use for estimating age at death will provide a comprehensive understanding of bone at the
histological level.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a deeper understanding of
the microscopic approach, which is not a common practice but is the only option for the identification of fragmented remains.

One of the crucial steps for the creation of the biological profile of an individual is the estimation of age at death. The choice of the method depends
on the nature of the remains, the equipment available and the expertise of the forensic anthropologist, among others. In cases of very fragmented
remains, microscopic methods remain one of the only approaches that can be applied. This study presents the results obtained from a histological
analysis of rib thin-sections from two Mediterranean populations.

The sample consists of 88 standard ribs from two Modern samples (Cretan and Greek-Cypriot Collections, N=88, Mean age=60, SD=17.90). The costal
elements were processed histologically according to standard protocols. Thirteen variables (both qualitative and quantitative parameters) were assessed.
Technical Error Measurement (TEM) analysis was performed to test the repeatability of the histological parameters. A validation study was performed
by applying four existing microscopic methods to verify whether a formula is required for the sample at hand. The correlation between the variables
and age was examined through different statistical approaches. The results were used for the generation of linear models using the whole sample and
the sample divided by sexes and populations.

Intra- and inter-observer errors demonstrated that the variables presented different levels of agreement. Three out of four of the methods exhibited a
systematic underestimation of the individuals producing high error rates. Most of the variables demonstrated a significant correlation with age and
some differences were observed between sexes and samples (Cretans and Greek-Cypriots). A total of 41 models were generated and 12 were selected
as the most accurate with a standard error of the estimate ranging from 12 to 8 years. A comparison between the Mediterranean samples and other
populations exhibited different patterns on bone remodeling, with the Cretan sample having the lowest Osteon Population Density (OPD) among others.

This research demonstrates the use of quantitative histology for the estimation of age at death, producing accuracy rates similar to those provided by
macroscopic methods. The poor results obtained by the existing histological formulas confirmed the need for a population-specific equation for Cretans
and Cypriots. Possible intrinsic and extrinsic factors may be the cause of the observed inter-population variation, with differences in nutrition and
genetics being considered as the potential causes. Thus, interesting patterns on remodeling rates provided a new insight on bone histological parameters
for the sample under study.

Bone Histology, Age Estimation, Mediterranean Populations
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A30  Utilizing Osteon Volume for Histological Age-at-Death Estimation

Suzanna Michener, MSc*, Simon Fraser University, Burnaby, BC V3Z 0E3, CANADA; Lynne S. Bell, PhD, Simon Fraser University, Burnaby, BC
V5A 1S6, CANADA; David Swanlund, BA, Simon Fraser University, Burnaby, BC V5A1S6, CANADA; Nadine Schuurman, PhD, Simon Fraser
University, Burnaby, BC V5A1S6, CANADA

Learning Overview: After attending this presentation, attendees will appreciate the utility of incorporating Geographic Information Systems (GIS)
technology to visualize and analyze the spatial distribution of histological structures, as well as to quantify and measure the size and type of these
structures in bone in three dimensions.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving collective understanding
of both osteonal volumetric calculations and how such information can be used to improve human age estimation.

Histological examination of remodeling events in cortical bone has been used to estimate adult age at death if appropriate macroscopic elements are
damaged or absent. There are several approaches that have examined different skeletal elements, variable histological variables, and diverse regions of
interest. What is common to all these methods is that a single transverse section is utilized, thus viewed in two dimensions. Osteons and associated
bony remodeling events are 3D, dynamic structures. Osteonal shape may be round to elliptical in cross section and 200-250 microns in diameter;
cylindrical in shape and one to ten millimeters in length; and oriented at 11-17 degrees off the longitudinal z-axis. None of these known 3D features
have been incorporated into histological age estimation methods. Incorporating osteonal features, such as volume, into age regression equations, may
improve the accuracy and replicability of age estimation formulae.

The current study employed a GIS-based analytical approach to digitally map, quantify, and connect remodeling events on three serial cross-sections,
providing a 3D, volumetric perspective of bone remodeling. To develop the method, vertical alignment grooves were cut into the cortex of an adult
human femoral midshaft to maintain multi-planar spatial orientation. Three serial thin-sections of approximately 70 microns were subsequently cut;
they were separated by 300 microns due to blade thickness, resulting in an overall z-axis dimension of approximately 800 microns. Each cross-section
was photographed in its entirety under circularly polarized light and composited using panorama-stitching software. Using georeferencing tools, the
three cross-sections were aligned as overlays in arcGIS® v10.2. Intact and fragmentary osteons were manually outlined using polygon feature classes;
these histological units were then connected across the cross-sections utilizing buffer and join processes. The centroid was identified for each cross-
section, permitting the overlay of a quadrant and octant system. This allowed comparison of histological variables between quadrants both within and
between cross-sections.

One thousand osteons were outlined using polygon feature class layers for each cross-section and a random sample of 30 connecting osteons were
selected from eight octants (anterior, medial, posterior, lateral, anteromedial, posteromedial, anterolateral, and anteromedial) for comparative analyses.
The area of the osteons was compared between quadrants and across layers using Analysis of Variance (ANOVA) statistical tests. Osteonal area was
found to be smaller in the anterior portion of the femoral cross-section, likely due to faster remodeling from increased strain. Osteon area was also
compared within quadrants between cross-sections. There were statistically significant (p<0.05) differences within the same quadrant of different
transverse sectional layers. These results suggest that osteon area may not be a reliable indicator for histological analyses, as the average area of osteons
differs between layers a mere 300 microns apart. Utilizing truncated cone geometric functions, the volume of the 240 connected osteons was interpolated
and compared between quadrants. Osteon volume was significantly different between the anterior and posterior portions of the transverse section;
however, there were no significant differences in osteon volume between quadrants of the same portions. That is, anterior, anterolateral, and
anteromedial did not differ from each other, and nor did the posterior, posterolateral, and posteromedial quadrants differ from each other. These results
indicate that region of interest may matter less when utilizing volumetric interpolations for histological variables. Volumetric calculations may be more
robust and consistent across serial transverse sections and, if incorporated into age-at-death estimation equations, may serve to improve the accuracy
and reproducibility of such approaches.

Age Estimation, Skeletal Histology, Geographic Information Systems
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A31  Humanitarian Forensics: Applications Today and Emerging Challenges

Oran Finegan, MSc*, International Committee of the Red Cross, Geneva, SWITZERLAND; Pierre M.M. Guyomarc’h, PhD, International Committee
of the Red Cross, Geneva, GVA 1202, SWITZERLAND

Learning Overview: After attending this presentation, attendees will better understand the application of forensic science in the humanitarian sphere
and how the evolution of conflict is changing the way we think about how forensic science is applied.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the need to rethink the
approach that has been taken over past decades to the application of forensics in conflict.

The last (approximately) 40 years have seen a growing role for, and application of, the diverse range of fields of forensic science to the humanitarian
and human rights field. This has been particularly true for the field of forensic anthropology. The 1980s saw the emergence of this with the work of
teams such as the Argentine Forensic Anthropology (EAAF) team, spawning a number of similar groups throughout Latin America.

Following its emergence, growing advancements in forensics, such as the fields of forensic anthropology and genetics, saw the large-scale application
of forensics in regions such as the Balkans, following the conflicts there toward the end of the 20™ century. The experiences of the Balkans brought
some balance to the understanding of what was possible, in theory and in practice, when it came to the use of forensics to both assist in the pursuit of
justice (e.g., International Crimes Tribunal for the Former Yugoslavia) and the humanitarian need for the identification of the many persons who
remained unaccounted for at the end of the conflicts. While great advances were made in forensics throughout the world due to this work during the
1990s and early 2000s, particularly when it came to understanding the recovery and analysis of large-scale assemblages of human remains (for which
forensic anthropology played a growingly invaluable role), it was also clear that there were limits as to what could be achieved. Hopes to see the
identification of all those who were unaccounted for were soon tempered by the practical realities of situations encountered.

Nearly 20 years later, we have a much better understanding of forensic science and how it can be applied in both conflicts and disasters. There has been
a growing shift away from the large post-conflict and post-disaster response, to better understanding how forensics, and forensic anthropology, can
assist in both preparations for possible disasters and also better support efforts to identify persons who become unaccounted for because of conflict by
engaging prior to and during conflict itself. In many ways this is the emergence of a new era in the application of forensics to humanitarian and human
rights issues. The evolution of conflict today, with a more protracted and urbanized character, means we need to further rethink how forensics can
continue to be relevant and applicable. Recognizing the need for strengthening global forensic science and supporting the empowerment of domestic
forensic structures, where present, is fundamentally important. There continues to be very weak structures when it comes to the field of forensic
anthropology and much needs to be accomplished to understand how to best address this. The experiences of organizations such as the International
Committee of the Red Cross, which today globally has the largest forensic team working in the humanitarian sphere, is demonstrating that the delivery
of ad hoc short courses in forensic anthropology in many ways risks undermining the discipline itself, if the correct target audience is not identified.
The use of data, in particular, ideas around big data, and predictability models to help determine the location of persons unaccounted for will also be
important areas of study.

Ultimately, a better understanding of conflict, disaster, and the cultural, religious, and social needs of the affected population will be key if the emerging
field of humanitarian forensics is to continue to play a growing and valuable role in the 21% century.

Humanitarian Forensics, Armed Conflict, Emergency Response
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A32  After Atrocity: Why Wouldn’t You Investigate?

Dawnie W. Steadman, PhD*, University of Tennessee, Knoxville, TN 37996; Hugh H. Tuller, MA, Defense POW/MIA Accounting Agency, Joint Base
Pearl Harbor-Hickam, HI 96853-5530; Julia Hanebrink, MA, Rhodes College, Memphis, TN 38112; Jaymelee Kim, PhD, University of Findlay,
Findlay, OH 45840-3653; Tricia Hepner, PhD, University of Tennessee - Dept of Anthropology, Knoxville, TN 37996

Learning Overview: After attending this presentation, attendees will understand the underestimated complexity of community needs, aspirations, and
perceptions concerning post-conflict humanitarian forensic actions for mass graves.?

Impact on the Forensic Science Community: This presentation will impact the forensic science community by exploring the use of ethnography to
assess the potential of forensic anthropology to support survivor needs and transitional justice processes in northern Uganda.

The two-decade-long war (1986-2006) between the Lord’s Resistance Army (LRA) and the Government of Uganda (GoU) resulted in the displacement
of 90% of northern Ugandans, the abduction of tens of thousands of children who were killed or forced to become child soldiers, and the murders of
possibly tens of thousands of civilians. One enduring legacy of the conflict is the landscape of discarded bodies; some left on the surface to decay,
others hastily buried, and more placed in mass graves, often far from their villages, or in Internal Displacement (IDP) camps where they had been
forcibly displaced by the government.

The lack of health facilities in the region preclude the use of dental and medical records or fingerprints for identification, leaving DNA as the prime
modality for identification. Thus, forensic scientists may quickly deduce the most logical approach to the identification problem in Uganda consists of
anthropological intervention and construction of a DNA database for the missing. Often, it is assumed that the use of forensic tools is desired, if not
prioritized, and positively viewed by affected communities. However, Northern Ugandans have little experience with DNA or other forensic science
fields, no trust in the government, little faith in foreign Non-Governmental Organizations (NGOs), no evidentiary concerns for the graves, and a long
list of apprehensions (e.g., security, education, land rights, daily subsistence) beyond that of the missing. Moreover, survivors remain troubled by the
graves as many believe that the spirits of the dead maintain agency among the living, causing maladies and disturbing hauntings, making it possible
that forensic exhumations might cause greater psychosocial harm than good.

Since 2012, a team based at the University of Tennessee has been conducting ethnographic work in northern Uganda to assess the various needs of the
communities related to forensic intervention. The results in this presentation are centered on more than 160 in-depth, semi-structured interviews with
individuals and small focus groups in six villages in northern Uganda, as well as interviews with government personnel, NGOs, and pathologists. While
forensic investigation following atrocity is usually portrayed as a binary decision (investigate or not), a cultural anthropological approach demonstrates
that the reality on the ground is much more complicated. While many communities are supportive of forensic intervention and do wish to find their
loved ones, others may view investigations as unnecessary due to religious beliefs or feel that the presence of mass graves and their associated
monuments supports community claims for reparations and view an identification process as potentially disruptive to these claims. Furthermore, as
forensic investigation may become a source of secondary traumatization for families, medicolegal evidentiary analysis is sometimes viewed as less
desirable than non-invasive, more culturally salient measures such as ceremonial and/or religious remedies. The findings illustrate how the ethnographic
research process produces intrinsically valuable and forensically relevant insights, regardless of whether excavations occur.

Reference(s):
L Cordner S., and M. Tidball-Binz. 2017. Humanitarian Forensic Action—Its Origins and Future. Forensic Science International. 279:65-71.
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A35  Capacity Building of Forensic Scientists

Elizabeth A. DiGangi, PhD*, Department of Anthropology, Binghamton, NY 13902; Jonathan D. Bethard, PhD*, University of South Florida, Tampa,
FL 33620-8100

Learning Overview: After attending this presentation, attendees will understand the methods and best practices undertaken for capacity building of
forensic scientists, primarily forensic anthropologists, in diverse locations such as Algeria, Colombia, Mexico, and Georgia.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by discussing the importance of using
an anthropological perspective when training scientists in countries outside of the United States. Cultural sensitivity and awareness are required to
ensure that scientific learning objectives are imparted and ideally incorporated into practice.

Forensic scientists trained in industrialized countries often have the luxury of having been exposed to a first-class education, with little expense spared
to provide for their training, both theoretical and practical. In the case of forensic anthropology, those of us working in the United States or Canadian
contexts in particular (with a few notable exceptions), are able to use that education primarily for isolated missing persons or homicide cases. Ironically,
colleagues who work in countries where missing or disappeared persons issues are systemic and widespread have often not had the privilege of a similar
education in forensic anthropology. This is due to several factors that are country-specific, but, most generally, it is because forensic anthropology was
born as a discipline in the United States and remains one of the youngest forensic sciences, having only been professionalized four decades ago.

As a result, forensic anthropologists or other forensic scientists and law enforcement professionals are increasingly being asked to travel to countries
with a human identification issue stemming from dozens to thousands of missing or disappeared persons and train the local anthropologists or forensic
scientists. Perhaps the most famous example of this in action would be the tireless efforts of the Argentinean Forensic Anthropology Team, who have
traveled to numerous countries to train local practitioners and/or do forensic anthropological work themselves. This presentation discusses the
experiences of working in several different countries with the goal of capacity building local scientists and the conclusions regarding best practices.

We have trained forensic scientists and law enforcement personnel from a variety of disciplines but most often forensic anthropologists in Algeria,
Colombia, Georgia, and Mexico. The first rule of working with colleagues in another country is also the first rule of applied anthropology, that is,
cultural relativism. Further, we must realize the need to be accepting of cultural differences when it comes to relevant issues such as treatment of the
dead. Second, we must educate ourselves about the country’s context in terms of what the issues have been that led to a need for human identification
and what training the forensic scientists already have. It can be tempting to think that we would not be there unless the need existed; however, we must
recognize our privilege at having been invited to share our knowledge with local scientists and realize that we are there to learn from them, too.

Further, we must understand that depending on a country’s particular socio-historical context, our colleagues may not be able to or willing to implement
all our recommendations. We must therefore be able to fully understand the context and, importantly, tailor our advice based on that context. We ask
ourselves, “What is an ideal situation to practice forensic archaeology and forensic anthropology—and what practices can be altered in a way that
scientific integrity is not harmed when the situation is not ideal?”” Non-ideal situations are the rule rather than the exception and range from limitations
related to funding to infrastructure to socio-political contexts prohibiting the personnel from conducting anthropological work at all.

Ultimately, we are training our colleagues to practice their own forensic anthropology, and we must do this in a way that is both palatable to them
culturally and realistic given each particular context. Finally, we must contemplate if any ethical issues exist. We have worked for both governmental
and non-governmental organizations and working for the former may raise certain questions about its agenda and our contribution to that agenda.

Capacity Building, Training, International Collaboration
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A36  Assessing the Role of Churches in Missing Migrant Identifications

Richard Phillips, BA*, Duke University, Durham, NC 27708; Sara H. Katsanis, Duke University, Durham, NC 27705

Learning Overview: After attending this presentation, attendees will better understand the role of churches in preventing migrant deaths and in
assisting in missing migrant identification.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the interests and
contributions of churches as stakeholders in mitigating the missing migrant crisis in some of the deadliest counties along the United States-Mexico
border.

Militarization of the United States-Mexico border in recent years has pushed an increasing number of undocumented migrants from crossing at urban
centers to using more remote and dangerous areas, particularly in Texas. The result is an increase in deaths, robbery, extortion, rape, and human
trafficking. Every year, hundreds of unidentified human remains are discovered in private, remote ranches in South Texas. For many years, the lack of
resources and willpower to provide autopsies and investigations into migrants’ deaths means that many were buried hastily, without DNA collection
or documentation of burial sites.

Churches historically have assisted migrants during their journeys: providing them food, clothing, and refuge; connecting them with legal services;
offering advice on how to best continue to their destination; addressing their spiritual needs and those of affected families; and facilitating burials. In
South Texas, Christian churches have an active presence on the United States-Mexico border, particularly the Catholic, United Methodist, and
Evangelical denominations. To date, the role of these faith-based communities in working with migrant families is not clearly delineated or understood
among policymakers and Non-Governmental Organizations (NGOs). To gather some insight into the perspectives of church leaders on the missing
migrant crisis and investigations in Texas, a survey was conducted of a sampling of South Texas-area churches. The purpose of this study was to:
(1) gauge the attitudes of Christian church leaders and their congregations toward migrant issues; (2) document their roles in assisting undocumented
migrants; and (3) discover potential unidentified remains burial sites.

The area of South Texas includes eight counties (Brooks, Cameron, Hidalgo, Jim Hogg, Kenedy, Starr, Willacy, and Zapata), encompassing 438
churches (both Catholic and Protestant) identified by this study as operating within this region. A database of churches was compiled from
churchfinder.com, Google® maps, and each Christian denomination’s online directory, and a custom map reflecting this database was created. Using
this database, a strategy was designed to gather data from a representative sampling of these churches. This strategy enabled deep questioning from a
broad swath of church types. The study assessed parking lot areas to differentiate large and small congregations, sampled Catholic, Mainline Protestant,
and Evangelical Protestant churches, and selected for churches in rural and urban areas. This approach enabled the study to parse discrete differences
among congregations and regions along the border. The survey questionnaire included questions to assess each church’s demographics, cemetery
services, social outreach, perspectives (on immigration and other socio-political issues), and theological leanings. These data will inform future studies
to gather in-depth data among the various congregations.

The study was approved by Duke University Institutional Review Board (IRB) to proceed, yet additional permissions were requested from leaders in
certain churches, denominations, and regions. Some of the requests conflicted with IRB confidentiality requirements, while others required months-
long approval processes from denominational leadership. This limited the ability to assess certain groups. These challenges in gaining permissions are
important to acknowledge for future studies, but also to recognize the potential barriers to cooperation for migrant death investigations.

In preliminary analysis of the participants’ results, the study has found that approximately one-third of the sampled churches have been approached for
help in finding missing migrants. Most churches have reported being involved with undocumented migrants, with ~80% indicating that it was important
to provide outreach to undocumented migrants. Approximately one-fourth of the sampled churches had hosted a funeral for an unidentified person or
a memorial for a missing migrant. The results also indicated a potential difference in perspectives among the parishioners in comparison to church
leaders on key issues on immigration (such as extending authority of the United States Immigration and Customs Enforcement to local/regional law
enforcement).

These results suggest that Christian churches in South Texas act as mechanisms for American communities to interact with and support migrants in
need. Their utility should be considered in any future inter-agency efforts to investigate migrant deaths.

Missing Migrants, Stakeholders, Churches
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A37  The Assessment of Jugular Growth Plate (JGP) Ossification for Age Estimation

Brittany S. Walter, PhD*, Defense POW/MIA Accounting Agency Laboratory, Offutt Air Force Base, NE 68113; Katherine Skorpinski, PhD, Defense
POW/MIA Accounting Agency, Offutt Air Force Base, NE 68113

Learning Overview: After attending this presentation, attendees will understand the accuracy and utility of JGP ossification as a skeletal indicator for
estimating age at death of human remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how JGP ossification
is not a reliable or useful skeletal indicator for age estimation and by establishing that jugular canal size may influence JGP ossification.

When estimating age from human remains, cranial skeletal indicators of age are useful when postcranial age indicators are absent or damaged. These
methods typically provide large/open-ended age intervals for adults (e.g., cranial sutures and third molar development). Previous studies have suggested
the ossification of the JGP, located on the posterolateral wall of the jugular canal, as a possible age indicator; however, these studies are limited and
contradictory.

Anatomical literature cites JGP ossification to begin by 25 years of age, though the validity of this assertion was not tested until the 1990s. Two
published studies have evaluated age at death using JGP ossification.»> Maat and Mastwijk assessed JGP ossification of 98 skulls by removing part of
the occipital to determine if ossification was present.? In their sample, there was no evidence of ossification until 22 years of age, and all males exhibited
bilateral JGP ossification by 36 years of age. Hershkovitz et al. used radiographs and macroscopic analysis of 1,869 crania to assess age of JGP
ossification.! This study concluded that if there is no evidence of ossification, the individual is likely less than 20 years of age; further, it found no
effect of laterality and observed unossified JGPs in individuals above 70 years of age.

The purpose of this study is to assess the validity of previous studies that have quantified JGP ossification patterns for age estimation using an
independent sample.1? Crania from individuals of known age (n=65) were visually examined for ossification of the JGP. All crania were from identified
American World War 11 (WWII) service members from the USS Oklahoma loss at Pearl Harbor on December 7, 1941. The sample population comprised
White, Black, and Asian males aged 18.7-48.5 years at death. Ossification of the JGP was independently scored in the blind for each side as “unossified”
if there was no evidence of ossification or “ossified” if any evidence of ossification was present.

In the study sample, the youngest age exhibiting JGP ossification is 18.7 years, the youngest age in this sample; and the oldest age at which the JGPs
remained bilaterally unossified is 34.3 years. Individuals 44.7 years of age and older (n=2) exhibit bilateral ossification. Age estimation following
Hershkovitz et al. (i.e., no evidence of ossification for either side indicates <20 years of age) provides a 19.0% correct classification rate, and following
Maat and Mastwijk (i.e., bilateral ossification indicates at least 36 years of age) provides an 18.5% correct classification rate.1? Contrary to Hershkovitz
et al., laterality had a significant effect on JGP ossification, with a higher frequency of unossified JGPs on the right side compared to the left side
(p<0.00, ¥>=17.82).1 Post hoc analyses suggest that this may be an effect of jugular foramen size, which was observed to be larger on the right side in
the sample (p=0.03, ¥>=4.57). Additionally, inter-observer analyses indicate substantial agreement between the authors (K=0.78, p<0.00).

To conclude, though inter-observer agreement is substantial, the use of JGP ossification to estimate age is not recommended due to low correct
classification rates and the effect of laterality. The youngest individuals in the study sample exhibit both bilaterally ossified and unossified JGPs,
indicating that additional data from younger individuals is needed to establish the age of earliest occurrence of ossification. Though bilateral ossification
occurs by 44.7 years of age (n=2), the limited age range of this sample may not capture ossification status at older ages. Previous observations of
unossified JGPs in individuals over the age of 70 suggest that JGP ossification is an unreliable age indicator for older age groups.! Additionally, both
observers found that on several occasions, the view of portions of the JGP was obscured by surrounding bone, inhibiting scores to be observed and
further limiting the utility of this method.

Reference(s):

L Hershkovitz I., Latimer B., Dutour O., Jellema L.M., Wish-Baratz S., Rothschild C., and Rothschild B.M. The elusive petroexoccipital articulation.
Am J of Phys Anthropol. 1997; 103:365-373.

2 Maat G.J.R. and Mastwijk R.W. Fusion status of the jugular growth plate: An aid for age at death determination. Int J of Osteoarchaeol. 1995;
5:163-167.
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A38  Age-at-Death Estimation From the Auricular Surface of the Ilium: A Comparison of Two Methods

Andrea Ost, MS*, Erie, PA 16507; Luis L. Cabo, MS, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will better understand two different methods for age-at-death estimation from the
auricular surface and how their scoring criteria can influence the obtained age estimates.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by further demonstrating the utility of
the auricular surface as a skeletal age marker, particular in aging older individuals.

Accurate age-at-death estimation (aging, hereafter) is important for both paleodemographic studies and forensic casework. The most popular aging
methods use the cranial sutures, sternal rib ends, pubic symphysis, and auricular surface of the ilium. Although these conventional methods are well-
validated, all of them share a common problem in the lack of precision of their age estimates for older individuals (generally over 60 years).

Two auricular surface component methods have shown promising results in improving the estimates for older individuals. The first method, developed
in 2005 by lgarashi and colleagues on a Japanese sample (N=700), scores the auricular surface on a binary scale for the presence/absence of 13 traits.!
Igarashi et al. includes separate equations for males and females, which is discordant with methods popularly employed in the United States. The
present study compares lgarashi et al. to Transition Analysis, developed in 2002 by Boldsen et al.2 Transition Analysis uses Bayesian conditional
probabilities to combine multiple skeletal age indicators, including the auricular surface, into an age estimate that can be performed with fragmentary
remains. This study tested the utility of these two methods on a sample of 400 individuals, aged 16-93 years, from the Hamann-Todd Collection.

Accuracies were compared between groups through goodness-of-fit tests, and Spearman’s rank-order correlation was utilized to assess the correlation
with age of both overall method and individual trait scores. Igarashi et al. tended to underage both males and females, with the latter significantly more
underaged.? The development of sex-specific equations with this method did not markedly increase accuracy. Although Igarashi et al. does not appear
to accurately estimate age at death, some of its unique traits do show a high correlation with age, indicating that these traits ought to be reexamined.
Transition Analysis, despite exhibiting disparate distributions in the middle age ranges, displayed unprecedently high accuracy rates in the young and,
particularly, the old age classes. Furthermore, although the auricular surface is not meant to be used in isolation with Transition Analysis, the
documented ages of the individuals fell into the range provided by the method 87.5% of the time. When combined with other skeletal indicators that
could have more utility in the middle age ranges (e.g., pubic symphysis and cranial sutures), this method may provide both precise and accurate results
for all age classes. In conclusion, this research demonstrates that, when analyzed according to scorable changes, the auricular surface shows high
potential for aging older individuals.

Reference(s):

L Boldsen, Jesper L., George R. Milner, Lyle W. Konigsberg, and James W. Wood. Transition Analysis: A New Method for Estimating Age from
Skeletons. In: Paleodemography: Age Distributions from Skeletal Samples, edited by Robert D. Hoppa and James W. Vaupel, 73-106. Cambridge:
Cambridge University Press, 2002.

2 lgarashi, Yuriko, Kagumi Uesu, Tetsuaki Wakebe, and Eisaku Kanazawa. New Method for Estimation of Adult Skeletal Age at Death from the
Morphology of the Auricular Surface of the llium. American Journal of Physical Anthropology. 128 (2005): 324-339.
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A39 A New Version Release of 3D-ID Geometric Morphometric Classification of Crania for Forensic Scientists

Ann H. Ross, PhD*, North Carolina State University, Raleigh, NC 27695-7614; Dennis E. Slice, PhD, Florida State University, Tallahassee, FL 32306-
4120; Desiré Brits, PhD, University of the Witwatersrand, Johannesburg, Gauteng 2193, SOUTH AFRICA; Tamara L. Lottering, BSc, University of
the Witwatersrand, Johannesburg, Gauteng, SOUTH AFRICA; Candice Small, PhD, University of the Witwatersrand, Johannesburg, Gaunteng 1709,
SOUTH AFRICA

Learning Overview: After attending this presentation, attendees will understand how to use 3D-I1D (www.3d-id.org) to estimate ancestry and biological
sex with coordinate data in forensic contexts.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating an easy-to-use and
freely available software that can be applied to estimate ancestry on a global scale.

Ancestry estimation is a critical component of the biological profile and in human identification. Traditionally, the estimation of ancestral origin is one
of the most difficult parameters of the biological profile to assess, with accurate estimation hinging largely on the experience of the observer. Ancestry
has traditionally been oversimplified as a trifecta of the continental populations of Asia, Europe, and Africa. However, this view ignores underlying
microevolutionary forces such as gene flow, drift, and migrations that have shaped craniofacial form. 3D-ID addresses this limitation by grouping
individuals based on known ethnohistorical origins.

3D-1D applies modern geometric morphometric analyses of three-dimensional landmark coordinates that provides more anatomical information than
traditional linear caliper-derived methods. However, these newer modalities have yet to be widely applied in forensic anthropology and victim
identification. One of the main humanitarian concerns is the identification of undocumented border crossers at the national and international level. This
latest version of the software provides the tools to address this global humanitarian crisis of mass migration of individuals escaping wars, starvation,
and displacement within and outside our borders. New reference samples have been added to the latest version of 3D-ID and include West African
(n=93), East African (n =36), Nigerian (n =30), Syrian (n =43), and Colombian (n =71) samples. The Nigerian sample was not grouped with the West
African sample as it was found to vary significantly from the other samples included (e.g., Cameroon, Togo, Benin, Liberia, etc.). The sample from
Colombia was also not grouped with the South American sample until the extent of variation among the groups (e.g., Chile, Peru) can be validated.
The reference population included in the software totals 2,372 individuals from around the world. Another new feature added to the software to facilitate
ease of use is that the practitioner can now digitize directly into the software without having to format the coordinate data.

The software was tested on a sample of Black South Africans (n =100) from the Raymond A. Dart Collection of Human Skeletons that is not included
in the software’s reference population. The software had an 89% correct classification rate classifying 8 of the South African crania into “African” and
81 individuals into “African American” reference samples, which reflects the variation present on the African continent and underscores the need for
addressing the migrant crisis on a global scale.

This project was funded by a National Institute of Justice grant and a Forensic Technology Center of Excellence-RTI grant.

Ancestry, Geometric Morphometrics, Software
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A40 A Reevaluation of the (hu)MAN:Id Classification Software Using Virtually Collected Mandibulometer
Measurements

Heather M. Garvin, PhD*, Des Moines University, Des Moines, IA 50312-4198; Kelsey A. Carpenter, MS, Mercyhurst University, Erie, PA 16546;
Gregory E. Berg, PhD, DPAA Identification Laboratory, Joint Base Pearl Harbor-Hickam, HI 96853-5530; Michael W. Kenyhercz, PhD, Department
of Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96816

Learning Overview: After attending this presentation, attendees will understand how inaccurate mandibulometer measurements can impact sex and
ancestry classifications and how the (hu)MANId classification software performs using validated virtually collected mandibulometer data.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting an accurate method of
collecting mandibulometer measurements from 3D models and a test of the (hu)MANid software on a virtual sample.

At a previous American Academy of Forensic Sciences (AAFS) meeting, Carpenter and Garvin presented a test of the (hu)MANid classification
software that had been developed by Berg and Kenyhercz for sex and ancestry classification from mandibular metric and morphoscopic variables.!
Carpenter and Garvin reported a strong bias toward the classification of White individuals into Black reference groups.! Following the AAFS meeting,
discussions with the program developers and comparisons of group mean measurements with the (hu)MANIid reference groups indicated that the tested
mandibular length and maximum ramus height measurements were erroneous. The first goal of this study was thus to develop and test a method to
accurately collect mandibulometer measurements (mandibular length, maximus ramus height, and mandibular/gonial angle) from 3D mandibular
models. The second goal was to re-run the analyses on the same samples presented by Carpenter and Garvin to assess the impact of the erroneous
mandibulometer measurements on group classification, as well as to test the (hu)MANid software program using accurate measurements.*

Geomagic Wrap® and Microsoft® 3D Builder were used to orient 3D mandibular models in lateral view as though they were resting on a flat surface.
Screenshots of the lateral view (orthogonal projection) were extracted and opened in ImageJ for data collection. Horizontal and vertical guidelines were
placed so a mandibular angle consistent with that measured with a mandibulometer could be measured and drawn, with subsequent mandibular lengths
and ramus heights collected using the guidelines and lengths from the drawn angle. A sample of 89 mandibles, in which both 3D scans and
mandibulometer measurements were available, was used to test the accuracy of the virtual data collection method. Relative Technical Error of
Measurements (rTEM) were within acceptable levels, with 1.69% for angle measurements, 1.65% for length measurements, and 3.41% for ramus
height measurements. The higher ramus height errors may be related to difficulties in observing the superior extent of the condyles in the 3D scans
given that the mandibles had been originally scanned in articulation with the associated cranium. Intra-observer analyses performed on 20 mandibular
scans returned rTEM values of 0.61% for angle, 0.75% for length, and 1.20% for ramus measurements.

When the revised mandibular length and ramus height measurements and the additional mandibular angle measurements were utilized to re-run the
Carpenter and Garvin analyses on the same sample of 230 United States White and Black mandibles, classifications improved.! Using Linear
Discriminant Analysis (LDA), correct sex classifications up to 83.12% were obtained for the pooled sample, and the previously reported sex biases
were not observed. Correct group classifications (sex+ancestry) were similar to those reported by Berg and Kenyhercz.? Group classifications as high
as 78.7% were obtained when the sample was run against only White and Black reference groups, although some ancestry bias was observed with
higher classifications for White males and females (WM=78.68%, WF=70.68%, BM=56.14%, BF=29.62%). Mixture Discriminant Analysis (MDA)
was also used and typically outperformed the LDA in total correct classification, but the upward bias in classification of Whites remained. The lower
classifications of the Black females may represent smaller reference group sample sizes and may improve as additional samples are added to
(hu)MAN:Id. In addition to providing a test of the (hu)MANiId program, this study highlights the diligence required when overcoming research
challenges, as well as the need to transform traditional methods as data and methods advance with increased accessibility to 3D data.

Reference(s):

L Carpenter K.A., Garvin H.M. A Test of the (hu)MANid Classification Software on a Sample of United States White and Black Mandibles.
Proceedings of the American Academy of Forensic Sciences, 70" Annual Scientific Meeting, Seattle, WA. 2018. A56.

2 Berg G.E., Kenyhercz M.W. Introducing Human Mandible Identification [(hu)MANIid]: A Free, Web-Based GUI to Classify Human Mandibles.
J Forensic Sci. 2017; 62:1592-1598.
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A41  Craniometric Variation and Sexual Dimorphism in a Chilean Population

Rachel M. Kreher, BS*, University of Indianapolis Biology Department, Indianapolis, IN 46227; Krista E. Latham, PhD, University of Indianapolis,
Indianapolis, IN 46227; Stephen P. Nawrocki, PhD, University of Indianapolis, Indianapolis, IN 46227-3697

Learning Overview: After attending this presentation, attendees will better understand the strengths and weaknesses of using FORDISC® to analyze
Chilean crania. The learning objectives include better understanding of human biological variation in a Latin American subgroup and how the accuracy
of sex determination can be improved in forensic contexts.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating that not all Hispanic
populations in the New World are skeletally identical, so existing analytical methods must be carefully assessed prior to application.

This research tests the following null hypotheses: (1) there are no significant differences between Chilean males and females in standard cranial
measurements; (2) these measurements are not affected by age at death; and (3) Chileans do not differ from other Hispanic reference samples in
FORDISC®v.3.1.

In the United States, many sex and ancestry determination methods used by forensic anthropologists are based on White and Black reference
populations, but these methods may not work well on other populations. “Hispanic” individuals of Spanish (Iberian) and Latin American descent are
especially underrepresented. In Chile, accurate sex determination is crucial in forensic investigations as the country continues to address prior genocides
and experiences a recent influx of migrants from surrounding countries. This research examines whether currently available methods can accurately
determine sex of Chilean crania, specifically investigating the application of discriminant analysis via FORDISC® to determine whether the program’s
Hispanic reference sample adequately represents modern Chileans.

A total of 27 standard cranial measurements were taken for 250 specimens from the Cementerio General Collection located at the Universidad de Chile
and the Servicio Médico Legal in Santiago, Chile. The modern sample includes known adult males and females aged ~16-80+ years who died in the
1950s-1990s. All measurements were first analyzed with Analysis of Covariance (ANCOVA) to determine which vary significantly by sex and/or age.
Subgroup means were generated for each sex for comparison to the reference samples. The Bonferroni correction was applied to reduce the probability
of Type | (false positive) errors in the ANCOVAs. Each specimen was then entered into FORDISC® and subjected to a 9-subgroup discriminant analysis
using the White, Black, American Indian, Hispanic, and Guatemalan reference samples. A stepwise selection of 15 variables was employed to ensure
that a sufficient number of measurements were included without over-fitting the model. Primary ancestry/sex classification was recorded in addition
to relevant distance values and classification probabilities. For the purposes of this study, “Hispanic” and “Guatemalan” classifications were both
considered to be “correct.”

Of the 27 cranial measurements, 20 differed significantly between the sexes, with males being larger in all cases. Age at death was significant for only
four measurements, but, in each case, the effects of age were much less important than the effects of sex. Therefore, discriminant equations for
determining sex can reasonably disregard the age of the decedent.

Only 32% of the Chileans were classified correctly by FORDISC® into their proper ancestry/sex subgroup; 39% of Chilean females were classified as
Hispanic females, while 26% of Chilean males were classified as Hispanic or Guatemalan males. The most common ancestry groups assigned to
Chilean females were Hispanic (41%), White (29%), and Black (25%); for Chilean males, Hispanic/Guatemalan (36%), White (26%), and Black (24%)
were the most common assignments. Ignoring ancestry, 97% of Chilean females were classified as female, while only 55% of Chilean males were
classified as male. This disparity suggests that the entire Chilean sample is systematically smaller than FORDISC’s® Hispanic reference sample.
Comparisons of the Chilean means by sex with those of Hispanics in FORDISC® indicate that Chilean females are smaller than their FORDISC®
counterparts in 24 measurements and Chilean males are smaller than their FORDISC® counterparts in 22 measurements. These differences explain the
high and low classification rates for Chilean females and males, respectively: because all Chileans are smaller than the reference samples, they are
disproportionately classified as female.

In sum, despite their overall smaller size, modern Chileans display enough sexual dimorphism that tailored discriminant equations should work well
for forensic anthropologists. These findings reinforce the need for a population-specific understanding of body size and sexual dimorphism prior to
applying sex and ancestry determination methods, especially given the wide range of geographical and biological variation collected under the umbrella
designation of “Hispanic.”

FORDISC®, Chilean Craniometrics, Sex Determination
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A42  The Application of the Optimized Summed Scored Attributes (OSSA) Method to Sex Estimation in Whites
and Blacks

Summer M. Mizell*, Washburn University, Topeka, KS 66614; Holly Long*, Stilwell, KS 66085; Alexandra R. Klales, PhD, Washburn University,
Topeka, KS 66621

Learning Overview: After attending this presentation, attendees will understand the practicality of the OSSA method for sex estimation in unidentified
individuals.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by validating a new method of sex
estimation and demonstrating how this method can be incorporated into the biological profile aspect of casework.

Recently, Tallman and Go applied the OSSA method, originally developed for ancestry estimation, to the five cranial traits of Walker in order to
estimate sex.>? While possessing great potential as a new sex estimation method, this approach has only been tested in Asian samples, which had a
high sex bias (>24.5%) despite high classification accuracy (83.7% calibration; 81.9% validation). This research tests the applicability of the OSSA
sex estimation method in United States Black and White populations. A random sex/ancestry balanced sample of 700 individuals from the
MorphoPASSE Database Databank (MDD) was utilized to calibrate the OSSA method dichotomized scores and sex classification sectioning points.
Everyone in the MDD had been previously scored for the five Walker traits by an experienced observer from the Terry Anatomical, William Bass
Forensic Skeletal, and the Hamann-Todd Human Osteological Collections.® A second random validation sample of 200 individuals from the MDD was
used to test the validity of the OSSA method.

First, trait frequencies of the nuchal crest, glabella, mastoid, supraorbital margin, and mental eminence were calculated in the calibration sample by
sex/ancestry group for each score (from one to five). The trait scores were then dichotomized based on the frequency distributions and score mean,
median, and modes. Trait scores that were more frequent in females were dichotomized to a zero, while trait scores more frequent in males were
dichotomized to one. The scores for all five cranial traits were summed to obtain a combined OSSA score from zero to five. From these totals, the
sectioning point for sex classification was determined based on classification accuracy rates in the calibration sample. Finally, the validity of the OSSA
sex method was tested in the holdout sample.

In Blacks, the nuchal crest, glabella, mastoid, and orbital scores of 1-2 were dichotomized to an OSSA score of 0, while scores 3-5 were dichotomized
to an OSSA score of 1. For the mental eminence, scores 1-3 were designated as a 0 and scores of 4-5 were designated as a 1. A summed OSSA score
of <2 classified as female, while >3 classified as male. Classification accuracy in the calibration sample was 77.4% with 15.4% sex bias in favor of
males, while validation accuracy in the holdout sample was 78.0% with 8.0% sex bias in favor of males. In Whites, the nuchal crest, glabella, mastoid,
and mental eminence scores of 1-2 were dichotomized to an OSSA score 0, while scores 3-5 were dichotomized to an OSSA score 1. For the orbital
margin, scores 1-3 were designated as a 0 and scores 4-5 were designated as a 1. A summed OSSA score of <3 classified as female, while >4 classified
as male. Classification accuracy in the calibration sample was 77.1% with 20.6% sex bias in favor of females, while validation accuracy in the holdout
sample was 70% with a 56% sex bias in favor of females.

Walker’s method using these five traits and logistic regression produced 87.9% correct classification and 0.1% sex bias in his sample and logistic
regression analysis in this sample produced 83.0% accuracy and 0.2% sex bias, which suggests that employing his trait scores in logistic regression far
outperforms the OSSA sex estimation method and had considerably less sex bias?. One option to improve classification accuracy and the utility of
OSSA for sex would be the inclusion of an indeterminate category as proposed by Tallman and Go, and then only utilize the method for individuals
that do not have an indeterminate summed OSSA score.! In conclusion, this research suggests that the OSSA method can be applied to sex estimation
in United States forensic casework; however, the results are less accurate and have a higher sex bias than using the original Walker traits in regression
analyses.?

Reference(s):

L Tallman, S.D., and Go, M.C. (2018). Application of the Optimized Summed Scored Attributes Method to Sex Estimation in Asian Crania. Journal
of Forensic Sciences, 63(3), 809-814.

2 Walker, P.L. (2008). Sexing Skulls Using Discriminant Function Analysis of Virtually Assessed Traits. American Journal of Physical
Anthropology, 136, 39-50.
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A43  Worldwide Population Variation in Skull Sexual Dimorphism

Alexandra R. Klales, PhD*, Washburn University, Topeka, KS 66621; Stephanie J. Cole, MS, University of Nevada, Reno, Reno, NV 89557; Kyra E.
Stull, PhD, University of Nevada, Reno, Reno, NV 89557; Heather M. Garvin, PhD, Des Moines University, Des Moines, 1A 50312-4198; Matthew C.
Go, MA, University of lllinois at Urbana-Champaign, Urbana, IL 61801; Antinea Menéndez Garmendia, MS, Universidad Nacional Auténoma de
México, Mexico City 04510, MEXICO; Mackenzie Walls, Forensic Anthropology Program, Topeka, KS 66621; Gabriela Sanchez-Mejorada, PhD,
Universidad Nacional Auténoma de México, Ciudad de México 04510, MEXICO

Learning Overview: After attending this presentation, attendees will understand how five popular morphological traits of the skull utilized for sex
estimation vary within and between populations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a validation of the Walker
method using multiple populations and providing new recalibrated population-specific equations, as well as a global equation that can be utilized when
ancestry is unknown or inconclusive.!

Due to varying levels of sexual dimorphism between populations, sex is typically estimated after general age (i.e., adult vs. subadult) and ancestry
estimation. The Walker method remains the most popular morphological method using the skull; however, validations of this method using different
populations have varied.! To better examine worldwide variation in these morphological skull traits, a large global sample of 2,285 skulls were scored
by this study using descriptions and illustrations of the nuchal crest, mastoid process, glabella, mental eminence, and supra-orbital margin provided by
Walker.! Analyses were run to assess geographic population (e.g., United States, Nubian, South African, Philippines, and Mexico) differences. A
Fisher’s exact test with Monte Carlo simulation was used to test for sexual dimorphism in trait score frequencies between females and males for each
trait within each geographic region. To further examine differences between geographic regions, a Kruskal-Wallis test was used and, if rejected, a
Dunn’s test using a Holm’s stepwise adjustment was employed to determine which groups were significantly different from one another. Next, the
external validity of Walker’s method was tested by entering scores from each skull into the six logistic discriminant function equations provided by
Walker.! Finally, recalibrated logistic regression equations were calculated for each geographic population and for the global (i.e., all groups combined)
sample. Classification accuracies obtained using the recalibrated equations were compared to the validation results, as well as the classification
accuracies generated using the global equation, to determine if population-specific equations were necessary.

Significant differences between males and females within groups were found for all traits (p-values<0.016), except for the nuchal crest in Nubians
(p=0.06) and mental eminence in South African Whites (p=0.80), indicating sexual dimorphism is present in nearly all traits across groups. Significant
differences (p <0.001) for both males and females for all five traits were found using the Kruskal-Wallis test and between pairwise comparisons of
groups using the Dunn’s test, which most notably indicated significant differences in the expression of glabella in United States White females and the
mastoid process in Mexican males when compared to all other groups. Validation classification accuracies using Walker’s equations ranged from 65.8%
(United States Blacks, equation 5) to 88.2% (Philippines, equation 2), depending on the equation utilized and population examined.* Overall, equation 1,
utilizing glabella, mastoid, and mental eminence, performed the best (77.3%-85.7%); however, sex bias was as high as 42.1%. As expected, classification
accuracy typically improved with recalibration in nearly every group. Improved accuracy ranged between 0.1% (United States Whites, equation 6) and
16% (South African Whites, equation 4). Accuracy rates using a recalibrated global equation (i.e., all geographic regions) resulted in accuracy rates
ranging from 74.1% (equation 5 using the orbit and mental eminence) to 81.8% (equation 1 using glabella, mastoid, and mental eminence). Some groups
performed better in the global equation than the group-specific equations, most notably so with the Mexican sample. However, this increased accuracy
often came at the expense of a higher sex bias. In conclusion, this work highlights the complexity of sexual dimorphism in different populations and the
need for population-specific equations for these skull traits in the Walker method; however, when ancestry (or geographic region) is unknown or
inconclusive, a global equation can be utilized with acceptable accuracy rates.

Portions of this research were funded by National Institute of Justice (N1J) grants. Opinions, points of view expressed in this research, and products
discussed represent a consensus of the authors and do not necessarily represent the official position, policies, or endorsement of the United States
Department of Justice (DOJ) or N1J. Data collection for the Filipino sample was also funded by the Social Sciences and Humanities Research Council
of Canada.

Reference(s):
L Walker P.L. Sexing Skulls Using Discriminant Function Analysis of Visually Assessed Traits. Am J Phys Anthropol.2008; 136:39-50.
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A44  Cognitive Bias and the Order of Examination on Skeletal Remains

Marion E. Davidson*, Metuchen, NJ 08840; Carolyn Rando, PhD, University College London, London WC1H OPY, UNITED KINGDOM; Sherry
Nakhaeizadeh, University College London (UCL), London WC1H 9EZ, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will understand how the order of analysis utilized in a morphological examination of
human skeletal remains can potentially influence the judgements and decisions of forensic anthropologists.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating that cognitive bias can
result from initial exposure to one aspect of skeletal remains and affect the final sex determination. This presentation will also discuss the importance
of empirical research in cognitive bias to develop frameworks that incorporate an understanding of when such biases may influence the interpretation
of evidence.

The National Research Council in the United States identified potential cognitive bias by experts as a complication facing the forensic science
community and noted that fields utilizing subjective methods with human interpretation are particularly susceptible. Studies have demonstrated that
cognitive bias because of exposure to extraneous contextual information exists in various forensic fields and can influence the judgement of examiners.
Despite these results, there continues to be a shortage of empirical research into the extent of cognitive bias within the various stages of the forensic
process, such as data collection, analysis, and interpretation. Although research into cognitive bias in forensic anthropology remains low, several studies
have demonstrated that the determination of the biological profile and the analysis of trauma can be influenced by extraneous information or initial
visual exposure to context. This study was designed to assess the potential of cognitive biases resulting from the initial visual exposure to one aspect
of skeletal remains for sex determination and its effects on subsequent aspects as well as the final sex determination.

A pilot study was developed to assess the potential of cognitive bias in the frequently employed morphological sex determination methods as a result
of the order of examination. A total number of 30 participants was divided into two groups and asked to assess one complete skeleton for both sex and
age, employing only morphological methods of the skull and pelvis. Age at death was only included as a variable to provide a more realistic evaluation
for the participants. Group A examined the skull, followed by the pelvis, while Group B examined the pelvis, followed by the skull. As cognitive bias
occurs more predominantly in ambiguous cases, the skeleton utilized in this study displayed some amount of ambiguity, with the pelvis exhibiting
strongly male features and the skull exhibiting indeterminate to female features. To minimize any potential influence on the decision-making process,
participants in this study were not informed of the true nature of the experiment.

The results of the pilot study determined that the order in which the skeletal remains were examined influenced the participant’s subsequent analyses
and final sex determination. When analyzed in three categories (female/probably female, indeterminate, and probably male/male), the results indicated
a difference in the sex determination of the two groups, depending on the order of the analyses. For example, Group A, after first examining the
female/indeterminate skull, assessed the pelvis to be female at a rate of 53.30%, while Group B, examining the pelvis first, assessed it to be female at
a rate of only 6.67%. Similar results were found in the final sex determination, with Group A assessing the skeletal remains to be female at 60.00%,
while Group B assessed the skeletal remains to be female at only 13.30%. This presentation will present the results of this research and discuss the
susceptibility of these methods to cognitive bias and the importance of studying these biases to mitigate the effects and improve the field of forensic
anthropology.

Forensic Anthropology, Cognitive Bias, Sex Determination
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A45  The Impact of Bone Density and Bone Thickness on Gunshot Trauma to the Skull

Elizabeth A. Evangelou, MA*, Binghamton University, Binghamton, NY 13905; Tessa Somogyi, MA*, Binghamton University, Binghamton, NY 13902;
Alexis M. LaGoy*, Baldwinsville, NY 13027; Kevin E. Sheridan, PhD*, Binghamton University, Binghamton, NY 13902; Elizabeth A. DiGangi, PhD*,
Department of Anthropology, Binghamton, NY 13902

Learning Overview: After attending this presentation, attendees will gain awareness of: (1) how bone mineral density and bone mineral content affect
the propagation of radiating fractures and the overall fragmentation of the skull following a gunshot wound; and (2) how bone thickness affects the
size and mozphology of entrance and exit wounds.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating and discussing how
bone density and bone thickness affect the formation of radiating fractures and the size/shape of entrance and exit wounds.

A greater understanding of the tissue density in the region of the gunshot may allow researchers greater estimation powers when estimating bullet
caliber.! Bone mineral density and mineral content represent an understudied and potentially fruitful avenue of gunshot research. Here, measurements
of bone mineral density are utilized to assess the density of tissue at the point of gunshot impact and the effect that differing densities have on the
morphology of entrance and exit wounds, as well as on radiating fractures.

Forty-five adult human heads from individuals donated to an anatomical tissue supply company were obtained for traumatic analysis. A specially
designed shooting stand was constructed to hold each head at a height matching that of an average adult male. Individuals were shot once in either the
frontal bone (superior to glabella), temporal, or parietal bone (in the approximate region of euryon) with a Smith and Wesson revolver with a 17/s-inch
barrel loaded with .38 Special bullets. Bullets used were full metal jacket and jacketed hollow points, and these were chosen at random and equally
distributed.

The heads were processed using standard maceration techniques prior to being scanned for bone mineral density and bone mineral content using Dual
Energy X-ray Absorptiometry (DEXA). Bone thickness was measured within 5mm of the entrance and exit wounds using spreading calipers. The
radiating fractures were measured using a Scale Master digital plan measure. Fragmentation of the skull was assessed by sorting individuals into
categories based on degree of fragmentation: 1=no fragmentation; 2=partial fragmentation, but wound shape still evident; 3=partial fragmentation,
wound shape obscured; and 4=complete fragmentation. Shape of the entrance and exit wounds was assessed using the circularity function in the image
processing program ImageJ.

A Pearson product-moment correlation analysis was performed to assess the relationship between bone mineral density, bone mineral content, and
bone thickness (entrance and exit) and the size/morphology of entrance and exit wounds, the extent of radiating fracture formation, and the degree of
fragmentation of the skull (significance set at p=.05). Preliminary results indicate there is no significant correlation between bone mineral density and
bone mineral content and the size of entrance and exit wounds. There are moderate negative correlations between bone mineral density and bone
mineral content and the total length of the exit wound radiating fractures (r=-.492, p=.013; r=-.505,p=.010), the maximum length of the exit wound
radiating fractures (r=-.562, p=.003; r=-.543, p=.005), and the degree of fragmentation (r=-.427, p=.010; r=-.421, p=.021). Entrance wound thickness
had a slight positive correlation with entrance wound perimeter (r=.336, p=.028) and a slight negative correlation with entrance wound circularity (r=-
.325, p=.033). Exit wound thickness had no significant correlations, nor did exit wound size or shape.

These results have implications for future gunshot wound analysis, as they suggest that bone mineral density and bone mineral content have more of
an effect on the propagation of radiating fractures and the degree of fragmentation of the skull than they do on entrance and exit wound size and shape.
These data also suggest that bone thickness near the entrance wound affects entrance wound size and shape. Future research will focus on how this
knowledge of the effects of bone density and bone thickness can help distinguish between bullet types and perhaps also bullet calibers.

This project was supported by an award from the National Institute of Justice.

Reference(s):
L AnnaPaschall and Ann H. Ross. Bone Mineral Density and Wounding Capacity of Handguns: Implications for Estimation of Caliber. International
Journal of Legal Medicine. 131, no. 1 (2017): 161-166.
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A46 A Comparison of Bullet Construction to the Area and Perimeter of Gunshot Entrance and Exit Wounds

Tessa Somogyi, MA*, Binghamton University, Binghamton, NY 13902; Elizabeth A. Evangelou, MA*, Binghamton University, Binghamton, NY 13905;
Alexis M. LaGoy*, Baldwinsville, NY 13027; Kevin E. Sheridan, PhD*, Binghamton University, Binghamton, NY 13902; Elizabeth A. DiGangi, PhD¥*,
Department of Anthropology, Binghamton, NY 13902

Learning Overview: After attending this presentation, attendees will gain awareness of: (1) how the sizes (area and perimeter) of entry and exit wounds
on the human skull are affected by the bullet construction (full metal jacket vs. jacketed hollow point); and (2) the implications of the relationship
between the size of entrance and exit wounds to bullet construction and how this can be utilized within a medicolegal setting.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating and discussing how
bullet construction affects the size of entry and exit wounds on the human skull.

The interpretation of gunshot wounds is a key element in skeletal trauma analysis. Many interpretations of gunshot and other types of skeletal trauma
have been based on observations made during autopsies or observations from osteological materials recovered from archaeological contexts.! There
has been a lack of controlled gunshot trauma experiments to add to these data from autopsy and archaeology. Controlled experiments are necessary to
allow for detailed observations and interpretations of the interactions between intrinsic and extrinsic factors, both of which affect patterns of skeletal
trauma. Extrinsic factors include a wide variety of factors such as the type of firearm, bullet caliber, and bullet construction. Previous research has
been able to reveal some patterns, allowing the prediction of bullet caliber or other bullet characteristics under controlled conditions, but much more
research is needed in this area to allow for more complete interpretations. A controlled experimental approach is the best way to meet this need.
Therefore, this project experimentally tested the effects of two different bullet constructions (full metal jacket and jacketed hollow point) on the size
(area and perimeter) of entrance and exit wounds to the cranium. These bullet types were chosen because they are designed to do different things to
human tissue (i.e., exit the body vs. not exit) and tend to be used in different contexts.

Forty-five human heads from donated individuals were sourced from an anatomical tissue supply company, specifically for the purpose of trauma
research. Prior to shooting, each head was placed on a specialized stand set at the height of an average adult male. Each head was shot once either
through the frontal or through the temporal or parietal bone using a Smith and Wesson® model 438 J-frame revolver with a 17/s-inch barrel loaded with
.38 Special bullets. Bullet construction (jacketed hollow point vs. full metal jacket) was distributed randomly throughout the sample with equal numbers
of each bullet construction used. Following the shooting, heads were autopsied and processed using standard maceration techniques.

The area and perimeter of the entrance and exit wounds were measured virtually using ImageJ, a freely available image processing program. To test
the interaction between bullet construction and the area and perimeter of entrance and exit wounds, a series of independent sample t-tests were
conducted with significance set at p=.05. Earlier research has indicated there is a relationship between entrance and exit wound sizes, with exit wounds
almost always larger than their associated entrance wounds. The relationship between entrance and exit wound relative size (exit wound size divided
by entrance wound size) and bullet construction was also tested here.

Preliminary data analysis revealed that there is a significant difference between bullet construction for the area and perimeter of the entrance wounds,
where jacketed hollow points produce entrance wounds with larger areas and perimeters than those produced by full metal jackets (p=.001 for both).
Preliminary results also reveal there is no significant difference between the two bullet types in the area and perimeter of exit wounds. The preliminary
results analyzing entrance and exit wound relative size indicate that the exit wounds are consistently larger than their associated exit wounds; however,
there is no statistically significant relationship between the ratio of the two wound sizes and bullet construction. This has implications for gunshot
wound fracture analysis in that these results reveal bullet construction can significantly affect entrance wound morphology. Future research will include
analysis of fracture pattern differences by bullet type and the interaction between bullet type and entrance wound location.

This project was supported by an award from the National Institute of Justice.

Reference(s):
L Berryman, Hugh E., Alicja K. Lanfear, and Natalie R. Shirley. The Biomechanics of Gunshot Trauma to Bone: Research Considerations Within
the Present Judicial Climate. In A Companion to Forensic Anthropology, ed. Dennis Dirkmaat (John Wiley & Sons 2012):390-399.
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A47  Differential Mass Loss in Bullets From Frontal and Temporal/Parietal Bone Impacts

Kevin E. Sheridan, PhD*, Binghamton University, Binghamton, NY 13902; Donald Poon, BA, Department of Anthropology, Binghamton, NY 13902;
Jessica E. Sanger, BA, Binghamton, NY 13903; Elizabeth A. Evangelou, MA, Binghamton University, Binghamton, NY 13905; Tessa Somogyi, MA,
Binghamton University, Binghamton, NY 13902; Elizabeth A. DiGangi, PhD, Department of Anthropology, Binghamton, NY 13902

Learning Overview: After attending this presentation, attendees will understand the potential for using mass loss in bullets as an indicator of which
human skeletal element caused said deformation. Attendees will gain knowledge of the various factors contributing to bullet mass loss, including
skeletal element, bullet type, distance, and velocity.

Impact on the Forensic Science Community: This presentation will impact the forensic science community through the development of an additional
tool for reconstructing crime scenes. This information will be particularly useful in understanding cases in which bullets are recovered in the absence
of human remains.

The effect of ballistic impacts upon bone tissue is a frequent topic of research within forensic anthropology. However, there is a dearth of research
regarding the effect of ballistic trauma on bullet condition. There is limited systematic research dealing with the effect of differential bone density on
bullet deformation, particularly concerning human skeletal tissue.

This study examines the differential deformation of .38 Special bullets fired into donated human heads as part of an experimental study on the effects
of bullet type on head trauma. Ammunition utilized during the study included both Full Metal Jacket (FMJ) and Hollow Point Type (JHP) bullets, both
of which were 130 grains in weight. Bullets were fired into the frontal bone and right temporal/parietal area. A total of 31 bullets were used for this
analysis. The bullets were nearly evenly distributed between FMJ (n=16) and JHP (n=15). Bullets shot to the frontal bone numbered 18, while bullets
shot to the temporal bone numbered 13.

Damage to each bullet was quantified as mass loss measured in grains. Bullets were weighed following recovery, and mass loss was measured as 130
grains minus the weight of each recovered bullet. The results were analyzed via univariate Analysis of Covariance (ANCOVA) through SPSS software.

Analysis of the mass loss exhibited substantially greater mass loss from bullets fired into the frontal bone than in those fired into the temporal. In the
full sample, the mean average loss of mass for hits to the frontal bone was 10.448 grains, while hits to the temporal bone averaged 1.032 grains. This
represents a mean average loss of approximately 8% for frontal bone hits versus 0.8% for the parietal/temporal. However, the standard deviation for
frontal hits was substantially larger (15.588 grains) than the standard deviation for temporal hits (1.623 grains). Mass loss for bullets fired into the
frontal bone ranged from 0-51.76 grains. By contrast, mass loss for bullets fired into the temporal bone ranged from 0-6.23 grains.

The relationship between loss of bullet mass, impacted bone, and bullet type were analyzed via univariate ANCOVA. The results for the full sample
exhibited a significant relationship between mass lost and target bone on the skull (p=0.039). By contrast, bullet type (FMJ vs. JHP) exhibited no
significant relationship with mass lost (p=0.429). The combined effect of target and bullet type exhibited no significant relationship (p=0.668).

The differential degrees of bullet mass loss between skeletal elements observed in this study suggest that this figure may be used as a metric for
associating fired bullets with damage to skull elements of differing thickness. At lower levels of mass loss (>1.3 grains), distinction between frontal
and temporal damage would not be possible, since the ranges of mass loss overlap at these levels. At greater levels of mass loss, bullets are more likely
to be associated with hits to the frontal bone. In general, this supports the hypothesis that thickness has a significant influence on the degree of damage
to bullets striking bone.

This study is limited to the effect of a single handgun caliber. Nevertheless, the results of this study will contribute to the available methodologies for
forensic scientists for reconstructing crime scenes, particularly those involving situations in which bullets are recovered without associated human
remains.

This project was supported by an award from the National Institute of Justice.

Ballistic Trauma, Firearms, Forensic Anthropology
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A48  Scanning Electron Microscopes With Energy Dispersive X-Ray Spectroscopy (SEM/EDX) Analysis of
Gunshot Residue (GSR) on Pig Bone

Anthony B. Falsetti, PhD*, George Mason University, Fairfax, VA 22030; Natalie R. Langley, PhD, Mayo Clinic School of Medicine, Scottsdale, AZ
85259; Blake D. Ehlers, Arizona State University, Chandler, AZ 85225; Bethany M. Pittman, Arizona State University, Glendale, AZ 85304;
AmberCherie Lasala, Arizona State University, Glendale, AZ 85306-4908; Kimber G. Cheek, BS, University of Tennessee, Knoxville, Fredericksburg,
VA 22408; Derek A. Boyd, MA, University of Tennessee, Knoxville, Knoxville, TN 37996

Learning Overview: After attending this presentation, attendees will understand how SEM/EDX may be used to detect and confirm evidence of
particulate matter associated with GSR (powder and primer) on pig cranial bone.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a means for trauma on bone
considered to be from a firearm to be confirmed through SEM/EDX instead of relying solely on visual assessment.

Anthropologists examine decomposed or skeletonized remains where trauma is interpreted through evaluating patterns of altered bone. Distinguishing
between projectile and blunt trauma is complicated by postmortem processes that result in fragmentation or loss of surface features. The presence of
projectile fragments in bone or surrounding tissues has long been known to be associated with projectile and gunshot events.1:> However, such fragments
are not always present, and their absence cannot exclude a gunshot event. The presence of other evidence associated with a firearm discharge may be
another indicator that a gunshot event has occurred.

When a firearm is discharged, the primer mix containing lead styphnate, antimony sulfide, and barium nitrate is crushed by a firing pin. The gas that
propels the bullet is partly comprised of derivatives of the primer mix, including lead (Pb), barium (Ba), and antimony (Sb), and condenses into droplets
that can leave a residue (GSR) on nearby surfaces. Primer residue is utilized in forensic analyses to determine proximity to a firearm, as the residue is
commonly deposited on nearby objects, such as the shooter’s hands and/or clothing.® A finding of GSR primer on bone would justifiably be indicative
of a gunshot event within close proximity of the bone.

SEM/EDX have been used to detect GSR on multiple surfaces, including bone.*5 SEM/EDX is an analytical method that can determine the elemental
composition of single particles. This study prepared samples of Sus scrofa for SEM/EDX analysis of gunshot injuries created from three distances
(direct contact, 6", and 12"). After wounding, the specimens underwent either outdoor decomposition or warm water maceration. The six heads were
sectioned along the mid-sagittal plane, resulting in a total of 12 specimens.

Tescan Vega 3 software was used to control the SEM, while the AZtec software was used to control the EDX. Elemental analysis was performed by
the EDX software AZtec. AZtec provides a graph of X-ray values read from the sample, which is then compared to the known X-ray values table,
giving the exact element present.

For the 12 specimens, evidence of gunshot powder and primer were discovered, though as distance increases, the number and type of particle detected
decreases. For example, both primer and power (Pb, Ba, and Sb) elements were detected from wound tracts from contact samples as well as from
surrounding fragments. Specimens that were left to decompose and those that were water macerated provided mixed results. Most samples provided
elements that were expected from GSR, but a surprisingly few gave unexpected elements. Some of the unexpected elements, such as iron (Fe) and
aluminum (Al), can be found in soil, but others, such as silicon (Si), do not provide any provenance. A limitation of this process is that every sample
must be completely dry as the SEM/EDX operates under a vacuum.

Reference(s):

L Stone, S.1. and Petty, C. Interpretation of Unusual Wounds Caused by Firearms. Journal of Forensic Sciences. Vol. 36, No. 3, 1991, pp. 736-740.

2 Berryman H.E., Kutyla A.K., Davis J.R. Detection of Gunshot Primer Residue on Bone in an Experimental Setting—An Unexpected Finding.
Journal of Forensic Sciences. 2010; 55(2):488-491.

3 Scientific Working Group for Gunshot Residue Analysis. Guide for Primer Gunshot Residue Analysis by Scanning Electron Microscopy/Energy
Dispersive X-ray Spectrometry. 11-29-11, http://www.swggsr.org.

4 Amadasi, A., D. Gibelli, D. Mazzarelli, D. Porta, D. Gaudio, D. Salsarola, A. Brandone, A. Rizzi, and C. Cattaneo. 2014. Assets and Pitfalls of
Chemical and Microscopic Analyses on Gunshot Residues in Skeletonized Bodies: A Report of Five Cases. International Journal of Legal
Medicine. 129 (4): 819-824. doi:10.1007/s00414-014-1107-9.

5 West J., Langley N.R., Kunigelis S.C., Boggs C. Making Up for Missing Pieces: SEM/EDX Gunshot Residue Analysis of Human Cranial Bone.
Proceedings of the American Academy of Forensic Sciences, 69" Annual Scientific Meeting, New Orleans, LA. 2017.
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A49  Thermogravimetric Analysis (TGA) of Juvenile Pig Rib Compositional Changes

Luisa Marinho, MSc*, Simon Fraser University, Burnaby, BC V5A1S6, CANADA; Dev Sharma, PhD, Simon Fraser University - Deptartment of
Chemistry, Burnaby, BC V5A1S6, CANADA; Carolyn J. Sparrey, PhD, Simon Fraser University, Surrey, BC V3TOA3, CANADA; Stephen N.

Robinovitch, PhD, Simon Fraser University, Burnaby, BC V5A1S6, CANADA; Alison Galloway, PhD, University of California, Santa Cruz, CA 95064;
Hugo Cardoso, PhD, Simon Fraser University, Burnaby, BC V5A 1S6, CANADA
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A50  The Effects of Chemotherapy and/or Radiotherapy Treatment on Decomposition

Shelby Garza, BS*, Texas State University, San Marcos, TX 78666; Daniel J. Wescott, PhD, Texas State University, San Marcos, TX 78666-4684

Learning Overview: After attending this presentation, attendees will better understand how chemotherapy and/or radiotherapy affect the rate of
decomposition in human remains in an outdoor setting.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by adding to the ongoing research being
conducted involving variables that can affect human decomposition.

Understanding how chemotherapy and/or radiotherapy affects the rate of decay is important in a forensic setting. Individuals who died while undergoing
chemotherapy or radiotherapy have the potential to decompose at a slower rate, complicating the estimation of the postmortem interval in criminal and
civil cases. There are also instances in which taphonomic research facilities receive donated individuals that either died while undergoing chemotherapy
or had previously stopped chemotherapy treatment.

Chemotherapy and radiotherapy are both common practices used to fight cancer in individuals. While chemotherapy uses chemical substances to treat
the disease, radiotherapy is a more localized attempt to fight the disease with forms of radiation. While the chemicals used during chemotherapy have
the potential to slow the rate of decay, the half-life of the drugs used in chemotherapy can be as little as six hours.® The purpose of this study is to
examine the difference in decomposition between individuals who had undergone chemotherapy or radiation at or near the time of death and individuals
who had never undergone chemotherapy or radiation. Currently, there have been no studies that have used whole body donations in an outdoor setting
to examine differences in decomposition between individuals who had undergone chemotherapy or radiation at or near the time of death and individuals
who had never undergone chemotherapy or radiation.

For this study, a total of ten human remains that had been left to decompose in an outdoor setting at the Forensic Anthropology Center at Texas State
were used. Five of the donations had undergone chemotherapy or radiation at or near the time of death and were pair matched to remains that had never
had chemotherapy treatment using body size and season of placement. All remains were placed unclothed and on the ground surface under a wire cage
to prevent scavenging. A Total Body Score (TBS) was calculated for each subject at approximately 100, 300, and 500 Accumulated Degree Days
(ADD).?

An F-Test was conducted to explore the homogeneity of variance between groups. Results for 100, 300, and 500 ADD indicated there was a statistical
difference in variance of TBS between groups (F (1, 18)=0.314, p=0.144; F (1, 18)=0.358, p=0.172; F (1, 18)=0.685, p=0.362). A two-tailed t-test
assuming unequal variance was run to test for significance in 100, 300, and 500 ADD. The P value states that there is no significant difference between
groups at 100, 300, and 500 ADD (p=0.596; p=0.285; p=0.346).

This research fails to reject the null hypothesis, showing there is no significant difference in rate of decomposition between individuals that had
undergone chemotherapy or radiation at or near the time of death and individuals that had never undergone chemotherapy or radiation.

Reference(s):

L Wasil T., Lichtman S.M. Clinical Pharmacology Issues Relevant to the Dosing and Toxicity of Chemotherapy Drugs in the Elderly. The
Oncologist. 2005; 10:602-12.

2 Megyesi M.S., Nawrocki S.P., Haskell N.H. Using Accumulated Degree Days to Estimate the Postmortem Interval From Decomposed Human
Remains. J Forensic Sci. 2005;50(3):618-26.
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A51  Time to Skeletonization (TTS): Dermestes maculatus De Geer Skin/Hide Beetles and Skeletonization on
Python Bivittatus Kuhl Burmese Python Remains

Amy Pham, BA*, Fort Myers, FL 33967; Shannon L. Dery*, Fort Myers, FL 33967-2503; Heather A. Walsh-Haney, PhD, Florida Gulf Coast
University, Fort Myers, FL 33965-6565; Jason H. Byrd, PhD, University of Florida, Gainesville, FL 32608; lan Bartoszek, Conservancy of Southwest
Florida, Naples, FL 34102

Learning Overview: After attending this presentation, attendees will understand the effect of using a D. maculatus (skin/hide beetles) to create a TTS
baseline for flesh removal in a controlled laboratory setting.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by addressing the process of rendering
forensic cases for subsequent forensic anthropological analysis and to set a baseline for D. maculatus TTS in a controlled environment.

Cleaning techniques of skeletal remains conducted through maceration were passed down from Dr. William Maples at the C.A. Pound Human
Identification Laboratory to a student of his at the Human Identification and Trauma Analysis Laboratory at Florida Gulf Coast University. The
maceration process requires that the laboratory consider space, plumbing, exhaust control, and/or incubator costs, as well expenses related to the
physical labor and time spent rendering the remains. Conversely, laboratory colonies have minimal physical plant requirements (i.e., reptile tanks and
heating pads, substrate, and black-out materials that can range $150-$200 in initial supply costs) and low labor and time requirements for upkeep.
Recent use of dermestids for cleaning skeletal remains have become more favorable, especially in museums and medical supply companies.t

D. maculatus are forensically significant and can assist forensic anthropologists in case analysis by cleaning delicate remains (e.g., neck organ blocks,
subaqueous, or osteoporotic) with minimal to no damage and in a timely manner. In addition, beetles can reach into small, delicate, and easily fractured
areas (ethmoid, lacrimals, infranasal conchae) to ensure thorough cleaning.? As their name implies, this species prefers dried—but not mummified—
skin, muscles, ligaments, cartilage, and tendons. Although the beetles work “fast,” little research has been conducted to quantify their activities.

This study evaluated the optimum environment for the D. maculatus to render remains to bone. Past research has investigated the relationship between
temperature and insect activity on the skeletonization process as part of estimations of Accumulated Degree Days (ADD), Postmortem Interval (PMI),
or Time Since Death (TSD). This study builds upon the previous work by including the following variables: biomass (skeletal muscle and bone), insect
abundance, and moisture content. Using three tanks, this study controlled for ambient temperature, light density, amount of biomass (g), and moisture
(ppm). The samples draw from Burmese pythons collected by the Conservancy of Southwest Florida (COSWFL) that were part of a larger study on
these invasive species. The COSWFL personnel skinned, eviscerated, and disarticulated the pythons into 30cm-50cm sections. Wet (35%-40%) and
dry (7%-14%) samples were placed into the colonies (3,000-15,000 beetles) with data being collected in two-hour intervals for the first six hours, then
observed in six-hour intervals until all soft tissue was removed. With each observation, the weight (g), moisture, temperature, and pictures were taken
for each of the samples using Vernier probes when applicable.

This study concludes that D. maculatus preferred the dry samples. The comparison of 400g-1,200g of python segments found that dry remains
skeletonized significantly faster. The sample cleaned the fastest was two days (dry) and the slowest was nine days (wet). In no instance did were the
beetles observed eating the skeletal material. Consequently, this research highlights that D. maculatus colonies can be an important addition to forensic
anthropology laboratories run by dedicated professionals.

Reference(s):

L Sommer, Helmut G., and Sydney Anderson. Cleaning Skeletons With Dermestid Beetles—Two Refinements in the Method. Curator: The Museum
Journal. 17, no. 4 (1974): 290-298

2 Hooper, Emmet T. Use Dermestid Beetles Instead of Cooking Pots. Journal of Mammalogy. 31, no. 1 (1950): 100-102.
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A52  Understanding Bone Diagenesis and Its Effects on Commingled Remains: The Potential and Hazards of
Portable X-Ray Fluorescence (pXRF) Analysis

Kent M. Adamson, MSc*, Middlesbrough, Tees Valley TS2 1AX, UNITED KINGDOM; Tim Thompson, PhD, Teesside University, Middlesbrough,
Cleveland TS1 3BA, UNITED KINGDOM
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A53  DNA Preservation in Bone From a Multi-Individual Burial

Alexandra L. Emmons, MA*, University of Tennessee, Knoxville, TN 37920; Sarah W. Keenan, PhD, South Dakota School of Mines & Technology,
Rapid City, SD 57701; Jon Davoren, Lorton, VA 22079-2625; Jennifer M. DeBruyn, PhD, University of Tennessee, Knoxville, TN 37996; Amy Z.
Mundorff, PhD, University of Tennessee - Anthropology, Knoxville, TN 37996-1525

Learning Overview: After attending this presentation, attendees will understand patterns of skeletal DNA variation in buried remains and the factors
that affect these patterns. This presentation will increase attendees’ knowledge of human decomposition processes, including bone decay, particularly
as it relates to the soil environment.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by furthering the knowledge of skeletal
DNA degradation from buried environments.

There are three primary mechanisms to bone decay: (1) chemical deterioration of the organic phase of bone; (2) chemical deterioration of the inorganic
phase; and (3) biodegradation. If the organic component degrades by either chemical or biological mechanisms, the mineral component, hydroxyapatite,
becomes more vulnerable to environmental fluctuations and dissolution of the lattice structure.! This interdependence seems to suggest that greater
porosity would allow for increased DNA degradation.? DNA sampling strategies and limited research has supported and emphasized this point,
promoting the use of long, dense, cortical bones for DNA sampling and analysis. The preferential sampling of long bones has not only been related to
DNA preservation but also to the ability to re-associate these bones in a commingled environment.3-¢ A growing body of research has indicated that
small, cancellous bones outperform cortical bones in DNA quality and quantity.®® The ease of sampling and reduced risk of contamination lends
support to the use of smaller bones in certain cases, including disaster victim identification and may show utility in the case of a single individual
burial.®10

In a study looking at both intra-individual and inter-individual variation in human skeletal DNA preservation during surface decomposition, Mundorff
and Davoren found that small cancellous bones, on average, yielded greater amounts of better quality DNA than larger, denser cortical bones, a pattern
that held true up to 21 years postmortem.2 The extent to which this pattern persisted in a burial remained unclear. The purpose of this research was to
understand patterns of intra-individual and inter-individual skeletal DNA preservation in a multi-individual burial and how these patterns are shaped
by burial factors, including soil geochemistry and biology. Three individuals were interred for four years prior to all analyses. Soil samples were
collected during disinterment at four depths surrounding the bodies within the grave to look at changes in soil biology and geochemistry. To represent
all bone types, a total of 49 bones per skeleton were sampled once for DNA analysis. To understand variation in human DNA quality and quality from
a single bone, 19 bones per individual were sampled from two sites, and three bones were sampled from three sites. Skeletal DNA was extracted,
quantified, and globalfiler results were produced from each sampling site. Co-extracted bacterial and fungal DNA was also quantified, and bacterial
communities were sequenced using targeted metagenomics of the V4 region of the 16SrRNA gene using Next Generation Sequencing (NGS).

Preliminary results indicate that the small, cancellous bones of the feet outperformed other bones in DNA yield. The third cuneiform, in particular, was
among the top ten highest-ranking bones in terms of DNA yield across all three individuals. DNA yield varied by individual and depth within the grave,
with the shallowest individual demonstrating the highest DNA yields. The feet exhibited the greatest variation in DNA yield across bone type and
sampling site. Microbial communities were significantly different by individual and sample type (bone vs. soil) using a Permutational Analysis of
Variance (PERMANOVA) on unweighted unifrac distances (n=263, p=0.001). Preliminary random forest models suggest that Amplified Sequence
Variants (ASVs) (microbial taxa) influence human DNA yield when data from all individuals were combined (r>= 0.78, p=0.00).

This study provides a characterization of patterns of skeletal DNA preservation within a multi-individual grave. Results provide novel insights into
skeletal DNA degradation that will likely inform skeletal DNA sampling strategies for buried remains.

Reference(s):
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Ab54  Recognizing Transplanted Allograft Bone in Forensic Anthropological Cases

Angi M. Christensen, PhD*, FBI Laboratory, Quantico, VA 22135; Louis Jares, BS, MTF Biologics, New Braunfels, TX 78130

Learning Overview: After attending this presentation, attendees will understand how to recognize transplanted bone if it presents in a forensic
anthropological context.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by informing forensic anthropologists
regarding the likely appearance of transplanted bone in a forensic context, so it is not mistaken for commingling.

Given that structural allograft bone transplants are now routinely used to treat skeletal traumas and cancers, it is possible that bone grafts may be
observed in forensic anthropological cases. Because these transplants involve large portions of donated cadaveric (non-native) bone, such cases could
potentially complicate forensic anthropological investigations by mimicking the presence of a second individual in terms of bone morphology and size.
However, they may also provide significant leads for personal identification. Here, an overview of structural allograft bone transplantation is provided
to make forensic anthropologists aware of how these cases may look in forensic anthropological contexts.

Bone transplants have been in use for more than 130 years and are routinely used in association with treatment of severe bone loss due to trauma,
orthopedic implant procedures, and oncology. Bone transplantation most often uses human donor grafts. These grafts are sometimes non-structural and
small-scale such as bone chips, powders, or pastes which are typically used to enhance or improve fusion or healing. They may also be large-scale
structural transplants that take the form of bone portions or even entire bones that are typically used for limb salvage or to restore weight-bearing
function. Autografts use skeletal material procured from the individual receiving the graft, while allograft bone is procured from one or more deceased
individuals, depending on the complexity and scope of the surgical procedure

Once implanted, the graft recipient effectively possesses both native and non-native skeletal material. Although efforts are typically made to use size-
appropriate grafts, the transplanted bone may still be somewhat morphologically and metrically different from the native antimere of the recipient. This
means that in the event a recipient of a structural bone allograft becomes the subject of a forensic anthropological examination, skeletal analysis could
be affected if the transplant is not recognized and is instead mistaken for commingling based on these dissimilarities in antimeres.

One advantage of a bone transplant in a forensic anthropological case is that the surgery will likely be apparent due to either bone remodeling or the
association of a surgically implanted device. The healing/remodeling of bone should be apparent as an antemortem process that may be linked to an
injury and/or surgery. Evidence of surgery may be helpful in narrowing the pool of possible missing persons to whom the remains may belong.
Surgically implanted devices can similarly help search for possible missing persons or can sometimes be used to corroborate identity. Knowledge of
the appearance of bone transplants may help forensic anthropologists in recognizing alterations and hardware associated with this procedure and help
provide significant leads in identifying the remains.

It is unknown how often (if ever) bone transplants have been observed in forensic anthropological cases. Due to the presence of native and non-native
bone in the same skeleton, it is possible that transplanted bone could result in metrically and morphologically dissimilar antimeres and mimic
commingling, thereby misleading the analysis. However, awareness of this process and its appearance should help in recognizing when a bone transplant
may be involved and mitigate such complications. This awareness may be enhanced through increased and continued communication and collaboration
between medicolegal experts and those in the tissue transplant community.

Forensic Anthropology, Bone Transplant, Commingling

Copyright 2019 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.
*Presenting Author -101 -




o Anthropology — 2019

A55 Inferring Species Origin Through Virtual Histology: A Comparison of Third Metapodials From Homo
Sapiens and Ursus Americanus Using Micro-Computed Tomography

Hannah Stephen, BS*, University of Akron - Department of Biology, Akron, OH 44325; Reed A. Davis, MSc*, University of Akron - Department of
Biology, Akron, OH 44325; Janna M. Andronowski, PhD, University of Akron, Akron, OH 44325-3908

Learning Overview: The goals of this presentation are to: (1) describe the microstructural differences among human and black bear metacarpals and
metatarsals using a non-destructive and volumetric 3D approach, and (2) provide microarchitectural data that will aid species identification efforts
when bone fragments are discovered in a forensic context.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing 3D parameters to the
study of bear bone microstructure, providing additional information that will aid in the identification of morphologically similar human and non-human
remains.

The gross similarities between human hand and foot bones and bear paws have been well documented. Macroscopic skeletal analyses provide insight
into species origin when whole bones are recovered but are frequently rendered inapplicable when bones are fragmented. In these scenarios, histological
techniques are often applied. However, specific research focusing on the quantification of bear bone microstructure remains scarce in the literature.

It is hypothesized that 3D analysis of bear cortical bone microstructure provides a more representative and accurate means to infer species origin from
fragmented metapodials.

Methods included visualizing and quantifying bone microstructural parameters using micro-Computed Tomography (micro-CT). Black bear (Ursus
americanus) metapodials were loaned from the Vertebrate Zoology Department at the Cleveland Museum of Natural History. Human bone specimens
were obtained from the University of Akron’s skeletal teaching collection housed in the Department of Biology. The third metacarpals and metatarsals
from mature black bears (n=5) and mature humans (n=5) were assessed using 3D analyses. All selected bear and human specimens did not display
visible signs of pathology and were from the left side of the body.

Micro-CT experiments were conducted using a SkyScan 1172 laboratory X-ray system at the Surface and Optical Analysis Facility at the University
of Akron’s Polymer Innovation Center. A source spot size of 5.5um and 8.83 camera pixel size were used. A rotation step of 0.20 degrees, X-ray
settings of 100 kV and 100 p, 0.50 frame averaging, and a combined aluminum and copper filter were applied to obtain 1,224 projections spanning 180
degrees of rotation. Prior to all scans, flat and dark-field projections were collected to correct for noise in the detector and X-ray beam.

Micro-CT projections were reconstructed using NRecon 1.6.10.2. Cylindrical Volumes of Interest (VOIs) were identified within each bone sample.
Image stacks were cropped and analyzed using CTAnalyser 1.15.4.0. The variables measured included: Total VOI Volume (TV), total Canal volume
within VOI (Ca.V), Canal Number (Ca.N), average Canal Diameter (Ca.Dm), and Cortical porosity (Ca.V/TV). Statistical analyses were accomplished
using SPSS 23.0 statistical software. To assess whether species and element have a significant effect on Ca.V/TV, Ca.N, and Ca.Dm, independent t-
tests (comparisons between species) and paired t-tests (comparisons within species) were performed at a significance of p <0.05. r? values were
calculated to assess the fraction of variance present between the variables compared. The following qualitative features were further described: bone
composition (e.g., woven, fibrolamellar, Haversian), osteon banding, and resorptive spaces.

Between-species t-tests revealed that Ca.N significantly differed between human and bear metacarpals (t 0.05(2),5=4.862; p=<0.05) and metatarsals (t
0.05(2)5=8.416; p=<0.05), as did Ca.Dm between human and bear metacarpals (t 0.0s2)5=-2.130; p=<0.03) and metatarsals (t 0.05(2)5=-2.568; p=<0.03).
No significant results were found for Ca.V/TV, though the r? values for the metacarpal measures between human and bear indicated a moderate effect
size (r>=69.1; p=<0.05). Within-species t-tests revealed no significance difference between the paired cortical parameters for either the human or bear
specimens. However, measures of the metacarpals between human and bear specimens indicated a medium effect size (r?=27.0; p=<0.211). Ca.N and
Ca.VITV differed among human metacarpals and metatarsals, with the parameters being greater in the metatarsals. Qualitative features including osteon
banding and resorption spaces were more prevalent in the bear metacarpals and metatarsals. Plexiform bone was observed in the bear metapodials only.

The 3D data for this study were obtained non-destructively and reveal the usefulness of laboratory micro-CT as a diverse and novel tool for the
anthropologist. The volumetric nature of this approach demonstrates that it is possible to differentiate fragmented bear and human metapodials, both
quantitatively and qualitatively.

Black Bear, Micro-Computed Tomography, Metapodials

Copyright 2019 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 -102 -




o Anthropology — 2019

A56  The Scavenging Patterns of Feral Cats on Human Remains in an Outdoor Setting

Sara N. Garcia*, Grand Junction, CO 81507; Alexander J. Smith, BA*, Grand Junction, CO 81502; Christiane Baigent, MSc, Forensic Investigation
Research Station, Grand Junction, CO 81501; Melissa A. Connor, PhD, Colorado Mesa University, Grand Junction, CO 81501-3122

Learning Overview: After attending this presentation, attendees will better understand the pattern of feral cat scavenging on human remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing examples of feral cat
scavenging to help distinguish between postmortem artifact and peri-mortem injury that may be associated with cause of death.

Scavenging of human remains by the Felidae family is documented, but case reports are rare. Rather than scavenge, Felids prefer to hunt. When
scavenging occurs, Felids prefer to exploit fresh tissue across several days.! In the only published case of bobcat scavenging in North America, the
bobcat focused on the tissues of the arms, hips, and thighs. However, in this case, the remains were autopsied, resulting in penetrating trauma and
visceral loss that may have affected the pattern of consumption.

Scavenging by domestic cats (Felis catus) is also rarely reported. The rarity of domestic cat scavenging may be explained by two well-documented
selection mechanisms rooted in the sensory characteristics of food sources: (1) neophobia, the rejection of foods not previously encountered; and
(2) “the novelty effect,” a preference for previously familiar foods that are spatially or temporally limited in availability.? Additionally, the smaller
size, strength, and bite force of Felis catus may preclude the ability to open the human thoracic cavity, and so their pattern of scavenging may differ
from the pattern observed in larger cats.!

Two separate incidents of feral cat scavenging of human remains occurred at the Forensic Investigation Research Station (FIRS), Whitewater, CO. The
outdoor facility is fenced to keep out large scavengers but does not restrict the access of small mammals and avian scavengers. In both cases, the
remains were refrigerated between time of death and placement.

Case 1: A 79-year-old female was placed 13 days after death. Subcutaneous needles were inserted as part of an unrelated research study and the
decomposition accelerated at the needle insertion sites. Scavenging began approximately five days after placement, near two of the needle insertion
sites and presented as small circular defects on the distal upper arm, proximal to the elbow. A game camera photographed a striped cat scavenging the
donor. The cat consumed tissue from the left arm and adjacent chest. To stop the scavenging, a cage was placed over the donor. The cage deterred the
cat and when the cat had not appeared for approximately one week, the cage was removed. Shortly thereafter, the cat returned to the body. The cat did
not demonstrate an interest in any of the 40 adjacent donors. The cat continued to scavenge almost nightly for approximately 33 days.

Case 2: A 70-year-old autopsied male was placed approximately 11 days after death. Scavenging began approximately six days after placement at the
lateral left shoulder along the autopsy incision, the lower lateral abdomen, and the proximal arm. A game camera observed a black cat scavenging the
donor. No attempt was made to prevent scavenging. The cat returned most nights for 16 nights, then returned for two nights one week later. On each
night, the cat visited the body multiple times. The same cat returned to the body for approximately 25 days.

In the few reported cases of indoor domestic Felis catus scavenging, the target was the face (primarily the mouth and nose), hands, and feet.® In both
cases reported here, feral cats targeted the arms and chest. Secondary areas of interest included the abdomen. In both cases, patterns of feral cat
scavenging more closely paralleled the pattern of bobcat scavenging than the domestic Felis catus. Differences in feeding behavior between domestic
and feral cat groups are reported and are most often attributed to both neophobia, and the need for reflexivity in the feral cat diet as they work to meet
nutritional needs.? The novelty effect may partly explain the propensity for a specific human tissue source.

Tissue damage due to postmortem scavenging can be confused with peri-mortem trauma. Recognizing the scavenging patterns of a variety of animals
is important for investigators to determine the origin of the damage.

Reference(s):

L Sincerbox S.N., DiGangi E.A. What Big Teeth You Have: Taphonomic Signatures of North American Scavengers. In: Forensic Taphonomy and
Ecology of North American Scavengers. San Diego, CA: Elsevier. 2018;64-148.

2 Bradshaw J.W.S., Healey L.M., Thorne C.J., Macdonald D.W., Arden-Clark C. Differences in Food Preferences between Individuals and
Populations of Domestic Cats Felis Silvestris Catus. Applied Animal Behaviour Science. 2000; 68:257—68.

3 Rossi M.L., Shahrom A.W., Chapman R.C., Vanezis P. Postmortem Injuries by Indoor Pets. Am J Forensic Med Pathol. 1994;15(2):105-9.
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A57  Positive Identification Via Frontal Sinus Morphology: A Geographic Information Systems (GIS) Approach

Jenna M.S. Watson, MA*, University of Tennessee, Department of Anthropology, Knoxville, TN 37996-1525

Learning Overview: After attending this presentation, attendees will understand the application of Geographic Information Systems (GIS) software
for establishing positive identifications from antemortem and postmortem frontal sinus radiographs.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an example of a novel
application of GIS software, arcGIS® and ArcMap®, for the purposes of human identification.

Visual comparison of Antemortem (AM) and Postmortem (PM) frontal sinus radiographs has been used to establish positive identifications when other
methods, such as fingerprint and dental matching, are not available. However, observer experience continues to influence method performance.! In
order to address the need for more quantifiable methods in human identification, this research explored the utility of ArcMap® for frontal sinus
identification.? The main objective of this study was to assess the utility of ArcMap® and its spatial analyst tool, Similarity Search, for identifying a
frontal sinus match from radiographs that were collected for a previous study.?® It was hypothesized that Similarity Search would be able to:
(1) correctly identify a frontal sinus match based on area and perimeter values; and (2) provide practitioners with a quantifiable and reproducible
method for positive identification using cranial radiographs.

Radiographs of 50 male and 50 female donors associated with the University of Tennessee William M. Bass Donated and Forensic Skeletal Collections
were digitized using a Diagnostic Pro-Edge Scanner, organized into randomly selected test groups that contained one PM and ten AM radiographs,
uploaded into ArcMap® 10.5, and digitized into two-dimensional polygons with area and perimeter values.? Similarity Search was instructed to:
(1) compare each AM polygon to the PM polygon for that group by area and perimeter values; then (2) rank each AM polygon based on similarity to
the PM polygon and calculate a corresponding similarity index value. Hierarchical cluster analysis was used to determine a similarity index value
range. Inter- and intra-observer variation was assessed indicating low variation within and among observers and the one-way Analysis of Variance
(ANOVA) displayed no significant difference among observers for area or perimeter (p=0.935, p=0.906). Similarity Search correctly identified the true
match polygon for 31/50 male groups (62%) and 36/50 (72%) female groups. Based on the cluster analysis, the range of similarity index values for
females is 0-11.56, and for males is 0-5.51.

The results of this study demonstrate that Similarity Search can correctly identify a match for males and females with 62% and 72% accuracy,
respectively. Results indicate that this is a user-friendly and replicable method with promising initial results despite limited parameters. However,
future research that includes additional characteristics beyond area and perimeter will likely improve performance and increase reliability of this
method. For example, the use of zonal geometry or the inclusion of a shape analysis algorithm should be explored. Moreover, the inclusion of 3D
images (e.g., Computed Tomography (CT) scans) in place of radiographs may resolve issues encountered with ArcMap®, including orientation, scale,
and clarity.

Reference(s):

L Page, Mark, Jane Taylor, and Matt Blenkin. Uniqueness in the Forensic Identification Sciences—Fact or Fiction? Forensic Science International.
206, no. 1-3 (2011): 12.
2. ArcGIS Desktop Release 10.5.

3 3. Christensen, Angi M. An Empirical Examination of Frontal Sinus Outline Variability Using Elliptic Fourier Analysis: Implications for
Identification, Standardization, and Legal Admissibility. University of Tennessee, Knoxville, 2003.
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A58  The Identification of United States Casualties by the Central Identification Unit in Kokura, Japan

Alexander F. Christensen, PhD*, DPAA, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: After attending this presentation, attendees will better understand how the United States military made identifications of war
casualties before the development of DNA-based methods.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by examining how certain we can be
regarding the historical identification of United States war casualties.

On March 23, 1951, the USS General George M. Randall arrived in Oakland, CA, carrying the remains of 57 United States servicemembers who had
died in the Korean theater. Of these, seven were recent casualties whose remains went directly from the hospital to the mortuary. The others had been
buried the previous fall in temporary cemeteries in South Korea prior to their exhumation and forensic identification. In every previous American
conflict, casualties had been buried near where they fell. After both world wars, remains were exhumed and identified, then either repatriated to the
United States or reburied overseas, depending upon family preference. But in the fall of 1950, the United States military decided to repatriate all remains
to the United States while the conflict was still ongoing. This policy is still in place, and the General Randall was unfortunately only the first of many
transports to come. By the date of its arrival in California, more than 17,000 United States servicemembers had died in Korea, and the last regular
shipment of remains home was in 1956.

As part of an ongoing study, the means used to identify more than 600 casualties between 1951 and 1956 have been tabulated. Throughout this period,
all remains of casualties who did not die under direct medical supervision were processed by the United States Army Central Identification Unit (CIU)
at Camp Kokura, Japan. Identifications relied upon dental and anthropological analyses, personal effects, and other circumstantial evidence, and, when
available, fingerprints (which were sent to the Federal Bureau of Investigation (FBI) for comparison with their dataset of service members). One of the
individuals on the General Randall was the fifth case processed by the CIU, on January 29. His remains were identified on February 22 based on his
identification tag, and the determination that the dental status, height, and hair color of the remains all agreed with his personnel records; confirmation
of a fingerprint match was received from the FBI on March 9.

Of the casualties in this sample, 408 were identified in 1951, and this subsample was the focus of analysis. These identifications were largely based on
one-to-one comparison: 306/408 were received with name associations (254 based on identification tags, 52 based on personal effects, other
identification media, or witness statements), and the remains were compared with a single individual’s antemortem records to confirm the identification.
When possible, fingerprints were used to make positive identifications, and the FBI confirmed the identifications of 92/306. For the 102 without name
associations, or Unknowns, larger comparisons based on recovery date and location were generally necessary, and 74/102 were confirmed by the FBI.

Every identification memo addressed the dental remains, even if just to say (in nine cases) that dental comparison was not feasible because either dental
remains or antemortem records were absent. Forty-seven cases were judged “extremely favorable” and 53 “very favorable;” other standards were
“favorable,” “not unfavorable,” “applicable,” “very applicable,” and “in agreement.” When discrepancies were noted, often a dental officer wrote a
memo explaining why he felt those discrepancies could be discounted.

Estimated stature was used in 395/408 identifications. In most of the others, remains were too fragmentary. In 13 cases, differences of 2"-4" between
antemortem and postmortem statures were explained by growth since enlistment. Race of the remains was only addressed in 150/408 cases; this is
probably because the majority of casualties in this sample were European-American, so ancestry was of little discriminative value. Similarly, age was
only addressed in 170/408 cases, but for a different reason: many of the remains processed in the spring of 1950 were only semi-skeletonized, and the
anthropologists at the CIU would not estimate age if they could not observe the pelvis or any epiphyses. In 25 cases, matches were made between
antemortem fractures and surgical procedures documented in medical records and those observed in the remains; in six cases, statements were included
explaining why it was reasonable that a documented fracture was no longer observable.

Military Casualties, Biological Profile, Dental Identification
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A59 Interactive Resources for Craniofacial Identification

Terrie Simmons-Ehrhardt, MA*, Virginia Commonwealth University, Richmond, VA 23284; Anthony B. Falsetti, PhD, George Mason University,
Fairfax, VA 22030; Catyana R. Falsetti, MFS, Fairfax, VA 22030; Christopher J. Ehrhardt, PhD, Virginia Commonwealth University, Richmond,
VA 23284

Learning Overview: After attending this presentation, researchers and practitioners of craniofacial identification methods will be familiar with free
and/or open-source resources for interacting with 3D craniofacial reference data generated from Computed Tomography (CT) scans in both digital and
physical formats.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing an interactive 3D
craniofacial reference dataset and detailed workflows for viewing and processing 3D models, which will enhance training/education efforts by
increasing exposure to a large range of craniofacial variation, facilitate collaborative efforts between researchers and practitioners of craniofacial
identification methods, as well as initiate discussions for standardizing reference data.

3D digital models of skulls and faces were generated from de-identified, publicly available CT scans at The Cancer Imaging Archives website.
Landmarks were collected to describe facial feature dimensions and positions relative to bone landmarks, for comparison to traditional facial
approximation guidelines, and to derive new predictive regressions or positional predictions. The dataset has been transformed to a common orientation
and coordinate system to allow viewing along aligned planes (Frankfurt Horizontal, coronal plane, and midsagittal plane), resulting in distances and
positions between landmarks across a single axis, two axes, or all three axes, that are translatable to 2D and 3D methods of facial approximation, as
well as craniofacial superimposition.

A workflow for dense Facial Tissue Depth Mapping (FTDM) has been developed with open-source software, which utilizes the geometric relationships
between the face mesh and skull mesh to calculate distances for every face point and colorizes and stores the depths within the face and skull meshes
as a “vertex quality.” The workflow can be applied to any 3D bone-skin models derived from CT or cone-beam CT. The resulting output is a set of
red-green-blue colorized Polygon File Format (PLY) meshes and point clouds from which tissue depth information can be read and interacted with in
3D in Meshlab. The FTDMs have also been “split” into smaller models representing 1.0mm-depth increments to facilitate viewing of a specific depth
over the entire face and/or skull or across multiple individuals.

Because of the steep learning curve associated with 3D programs, an .html viewer was developed that opens within a web browser from local files,
using the open-source 3DHOP platform. The interactivity is more straightforward and less daunting than available software packages, with clear icons
and sliders with specific functions to adjust views (direction, transparency, and color), place points, collect measurements, and even clip skin away
from the skull along the aligned planes. The ability of practitioners and researchers to interact with a large dataset of digital faces and skulls in 3D, by
viewing transparent skin over the bone in correct anatomical position, provides an opportunity for enhanced training and a more objective understanding
of the relationship of the face to the underlying craniofacial skeleton.

Further, all Stereolithography (STL) files are 3D printable and can be further clipped and edited for 3D printing to use physical models in training,
classroom, or workshop settings. Full skull models could be printed at actual size for sculpting exercises. 3D Slicer’s “EasyClip” tool allows cutting at
specific landmark coordinates (x-, y-, or z-). Face shells generated during FTDM can be clipped and “thickened” in Meshmixer to the minimum tissue
depth to allow printing of skin over bone. Models can be generated and printed for training on specific facial features or to simultaneously visualize
bone and skin, including models with faces clipped along the midsagittal line to reveal bone features on one side and corresponding facial features on
the opposite side. Profile prints, mimicking radiographs, could be generated from a midsagittal profile (by clipping Imm-2mm on either side of nasion)
of the original face model, resulting in “printed skin” and bone as empty space. Such a model set would allow a detailed study of the nose in profile,
utilizing examples from numerous individuals, easily exposing trainees/practitioners to a wide range of anatomical variation, both digitally and
physically.

The digital and physical learning environments and increased exposure to a large range of craniofacial variation may lead to more anatomically accurate
representations of the human face, establish new venues for collaboration between researchers and practitioners, and ultimately contribute to large,
standardized reference datasets for craniofacial identification efforts.

Funding provided by a National Institute of Justice Award.

Craniofacial Identification, Facial Approximation, 3D
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A60  What Can Forensic Proteomics Tell Us About Biological Age and Postmortem Interval (PMI) Estimation?

Noemi Procopio, PhD*, Northumbria University, Newcastle upon Tyne NE1 8ST, UNITED KINGDOM; Anna Williams, PhD, University of
Huddersfield, Huddersfield, West Yorkshire HD1 3DH, UNITED KINGDOM; Andrew Chamberlain, PhD, The University of Manchester, Manchester
M13 9PT, UNITED KINGDOM; Michael Buckley, PhD, The University of Manchester, Manchester M1 7DN, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will understand both the state of the art in forensic proteomics, with its applications
to biological age and PMI estimation, and a novel finding of potential protein biomarkers for Age At Death (AAD) and PMI estimation from
skeletonized remains, an innovative and ground-breaking application in the forensic field.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by showcasing a novel application of
proteomics to estimate PMI and AAD with increased success.

One of the most debated themes in forensic anthropology is the estimation of PMI as well as the approximation of the AAD from skeletal remains;
despite the presence of distinct analytical and morphological methods to address these aims, their applicability on heavily decomposed bodies or
skeletonized remains is strongly limited and suffers from poor accuracy.'® Due to the well-known use of proteomic methods to evaluate aging and
decay phenomena for archaeological purposes, this study applies proteomics to forensic applications, looking for new biomarkers in pig skeletal remains
that could address AAD and PMI from a previously unexplored perspective.*

To achieve these goals, two separate studies were performed. The first compared porcine skeletal remains from five different-aged animals to look for
intra-bone and inter- and intra-skeletal proteomic differences, to evaluate potential biomarkers for AAD estimation. Bones were sampled, their
proteomes extracted using a protocol that minimizes laboratory-induced decay and were submitted to Liquid Chromatography coupled with Tandem
Mass Spectrometry (LC-Orbitrap-MS/MS) analysis. For the second part of this study, four piglets of similar age were experimentally buried, and their
bones collected at selected time points (one to six months PMI). Samples were then subjected to the same treatment mentioned above but focused on
the evaluation of proteins leaching into the surrounding soil, as well as proteome postmortem decay via the study of post-translational modifications
as a means to estimate PMI.

Results demonstrated greater intra-bone rather than inter-bone and intra-individual proteomic differences, and overall higher data reproducibility was
obtained sampling the midshaft of long bones (tibiae) than their epiphyses. When using tibiae midshaft to compare proteomes among different-aged
pigs, a bone protein, fetuin-A, was observed to be significantly different in terms of its relative abundance, which was negatively correlated with the
biological age of the individual; this phenomenon is one example by which forensic proteomics could provide alternative means to evaluate the AAD
from bone samples. When investigating proteomic differences between carcasses with different PMls, it was possible to observe a gradual leach of
several groups of proteins from bones as a function of PMI, starting with serum and muscle proteins that were the first to decrease in abundance with
prolonged burials. Looking specifically at post-translational protein modifications, biglycan deamidation ratios appeared to increase with protracted
PMIs in a statistically significant way. Further studies may validate the use of this protein as new potential biomarker for PMI estimation ranging from
one to six months and beyond.

Overall, these studies set the baseline for increasing the awareness of the potential application of proteomics to forensic science, allowing the
development of future works to extend the dataset to a wider range of biological ages and also to prolonged PMIs. Further studies on human samples
will be required to corroborate these results, to allow their application to real forensic casework.

Reference(s):

L B. Swift, The Timing of Death. In: Rutty G.N. (eds) Essentials of Autopsy Practice. Springer, London.

2 Abdel Salam, Hoda Fouad & Shaat, Eman & Abdel Aziz, Manal & Abdel MoneimSheta, Abeer & Hussein, Heba. (2012). Estimation of
Postmortem Interval Using Thanatochemistry and Postmortem Changes. Alexandria Journal of Medicine. 48. 335-344. 10.1016/j.ajme.2012.05.
004..

3 L. Konigsberg et al. Estimation and Evidence in Forensic Anthropology: Age-At-Death. In: Journal of Forensic Sciences. 53(3):541-57-June
2008.

4 R. Sawafuji et al. Proteomic Profiling of Archaeological Human Bone. Royal Society Open Science. Published 7 June 2017.DOI:
10.1098/rs0s.161004.
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AB1  Using Stable Nitrogen Isotope Ratios From Human Muscle Tissue for Postmortem Interval (PMI)
Estimation

Melanie M. Beasley, PhD*, Knoxville, TN 37996-0720; Julie Lesnik, PhD, Wayne State University, Detroit, Ml 48202; Hayden McKee, MSc, Knoxville,
TN 37917; Dawnie W. Steadman, PhD, University of Tennessee, Knoxville, TN 37996

Learning Overview: After attending this presentation, attendees will understand how changes in stable nitrogen isotope ratios (5'°N) of decomposing
human muscle tissue may aid in the estimation of the PMI.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a novel application of stable
isotope analysis of 5'°N ratios of decomposing human muscle tissue to use as a useful alternative to traditional PMI estimation techniques. Furthermore,
this study explores the use of 5'°N ratios of maggots feeding on decomposing muscle tissue to assess if a systematic trophic level enrichment can be
used for a PMI estimate after identifiable muscle tissue is no longer present.

To test how 85N ratios can be used as a PMI estimate, it is key to understand two basic principles: 91) what a §'°N is measuring; and (2) what is
happening to nitrogen during muscle tissue decomposition. Nitrogen has two stable isotopes with different masses, a heavy (**N) and a light (**N)
isotope. In a chemical reaction, the isotopes with different masses will react at different speeds, resulting in a preferential selection of one isotope (**N)
compared to the other (**N). During decomposition of muscle tissue (i.e., putrefaction), the breakdown of amino acids produces a variety of volatile
compounds, including ammonia (NHs) and lesser amounts of two other nitrogenous gases, cadaverine (NH2(CH2)sNHz2) and putrescine
(NH2(CH2)aNH.). As putrefaction progresses, the chemical reactions to produce the nitrogenous gases would preferentially incorporate the light isotope
(*N) because it will react faster in a chemical reaction, resulting in an enrichment of the heavy isotope (:*N) in the remaining muscle tissue. The impact
to 8N ratios as putrefaction progresses would be higher values compared to the 5'°N ratios of the fresh muscle tissue.

This research was conducted at the Anthropology Research Facility in Knoxville, TN, an outdoor laboratory for the study of human decomposition. A
total of 20 donors were enrolled in the study, and muscle and associated maggot samples were collected for as long as each were present on a donor.
Donors were placed on the surface in two trials with ten donors each in the winter and summer season to test differential seasonality effects to the
method as a PMI estimator. The 8'°N ratios from the muscle and maggot samples were analyzed. The raw 5'°N ratios are not of interest because each
donor has a different baseline value. To normalize the assessment of change in 8'°N ratios, the AN was calculated and compared (A®N=§""Npay x -
3'°Npay 1, with Day 1 as the initial fresh tissue sample).

Initial results indicate that alteration of §'°N ratios in decomposing muscle tissue can be used for PMI estimates when identifiable muscle tissue is still
present. The general pattern follows expectations that AN values increase as putrefaction progresses, with as much as a 3.0%o increase in muscle
tissue values. The winter trial donors had identifiable muscle tissue for up to three months, while the summer trial donors had muscle tissue for only
two weeks. When the winter trial AN values are grouped in 20-day increments, there is no significant difference between the initial Day 1 sample and
the Day 2-20 group (p=0.258) or the Day 21-40 group (p=0.197). However, past Day 40, there is a significant difference between the initial Day 1
sample and the Day 41-60 group (p=0.003) or the Day 61-80 group (p=0.000). The associated maggot A'®N values will eventually be combined with
the muscle data to assess the usefulness of using live maggots found associated with a body at a crime scene to estimate PMI after identifiable muscle
tissue is no longer available.

This study revealed that change in the §'°N ratios of decomposing muscle tissue can be used as an alternative method for PMI estimation, especially in
the winter months when identifiable muscle tissue can be retained on a body for months. This East Tennessee pilot study indicates that the significant
influence to when AN values start to increase is associated with a shift to increasing temperatures when putrefaction progresses faster. This initial
study indicates there is value in the method as a PMI estimate for recently deceased individuals, but further work is needed in other environmental
contexts.

Stable Nitrogen Isotope Ratios, Postmortem Interval Estimation, Muscle Tissue Decomposition
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A62  The Human Cadaver Decomposition Island and the Vegetation Regrowth Interval

Haeli Kennedy, Sam Houston State University, Huntsville, TX 77341; Jasmine Garcia, Applied Anatomical Research Center, Huntsville, TX 77341;
West Ryan, Huntsville, TX 77341; Jacqueline A. Aitkenhead-Peterson, PhD, 2474 TAMU - Department of Soil & Crop Sciences, College Station, TX
77843; Joan A. Bytheway, PhD*, Sam Houston State University, Huntsville, TX 77341-2506

Learning Overview: After attending this presentation, attendees will have a clear understanding of what a surface human Cadaver Decomposition
Island (CDI) looks like with and without scavenging interference and soil chemical composition results obtained throughout the study. Attendees will
understand that the CDI is present months after the remains are removed and the concentration of soil nutrients fluctuate during the decomposition
process.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by bringing awareness to those entities
participating in search and rescue efforts to not only focus on looking for the skeletal remains of an individual but to also look for the CDI and collect
soil samples. Both the CDI and soil nutrient composition are useful pieces of evidence.

Typically, during the late phase of the Early stage of human decomposition, fluids of the body, formed during autolysis, hydrolysis, and by other
chemical and bacterial actions, leach into the soil under and around the body producing a CDI. The fluid contains high concentrations of organic matter
and microorganisms, eradicating any vegetation adjacent to and under the body. When the soil pH and nutrients in the upper soil horizons appear to
return to a level similar to the original state, translocated nutrients in the soil cause native vegetation, and flora not indigenous to that area, to flourish.
Previous research observing regrowth of vegetation has been conducted using Sus scrofa, although no literature to date has recorded the vegetation
regrowth of a human CDI.!

In 2013 and 2018, studies were conducted at the Applied Anatomical Research Center (AARC) in Huntsville, TX. The studies demonstrated that the
CDI is greatest under the trunk, reduced under the head, and further reduced under the limbs. The studies documented the timing of the formation of
the CDI as well as the timing of the return of vegetation around and within the CDI. In 2013, 16 subjects were placed, and, in 2018, 4 additional subjects
were placed with the inclusion of soil sampling throughout the study. For both studies, subjects were in similar environmental conditions. After collapse
of body cavities and formation of the CDI, caged subjects were removed from their CDI at predetermined intervals of zero, two, and four weeks after
leaching. Cages remained over the CDIs and daily observation occurred until regrowth within the CDI formed. For 2013 subjects removed at zero
weeks (the day after CDI formation appeared complete), regrowth within the CDI occurred after 131 days. For 2013 subjects removed at two weeks
after CDI formation, regrowth occurred after 197 days. Most of the CDI for subjects accessible to scavenging had formed under the trunk of the body
prior to being moved around by scavengers. However, the CDI of the limbs and head could not be clearly identified after movement of the body by
scavenging had smeared the soil. Bodies were pulled away from the major part of the CDI by scavengers but remained at the periphery throughout the
study. Between 90 and 207 days, vegetation began to appear in the CDIs of scavenged subjects. The trunks of the bodies that had minimal movement
by scavenging prolonged the CDI’s composition.

Results demonstrate that in the piney woods region of southeast Texas, if a decomposing body can leach the majority of its fluid in an area, prior to
extensive scavenging, vegetation regrowth may take approximately 90-200+ days to appear. In search and rescue efforts for missing individuals
presumed dead, a CDI may be detectable three to seven months after death even if the body has been displaced from its original location. 2018 study
observation and soil chemistry results will be presented at the American Academy of Forensic Sciences (AAFS) meeting in February 2019.

Reference(s):
L Benninger L.A., Carter D.O., and Forbes S.L. 2008. The Biochemical Alteration of Soil Beneath a Decomposing Carcass. Forensic Science
International. 180(2-3);70-75.
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A63  Longitudinal Comparison of the Megyesi and Moffatt Total Body Scoring (TBS) Methods for Estimating
the Postmortem Interval (PMI)

Derek A. Boyd, MA*, University of Tennessee, Knoxville, Knoxville, TN 37996; Kelly Sauerwein, PhD, University of Tennessee, Knoxville, TN 37996;
Angela M. Dautartas, PhD, University of Tennessee, Knoxville, TN 37996-1525

Learning Overview: After attending this presentation, attendees will better understand the limitations of relying on temperature-based predictive
models for estimating the PMI.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting best practices regarding
the use of these PMI estimation methods in forensic anthropological research and casework.

Knowledge of the PMI is crucial to medicolegal death investigation, but variation in human decomposition prevents practitioners from producing
accurate and informative time-since-death estimates. To address this issue, Megyesi et al. retrospectively developed a regression-based method for
predicting the PMI, termed the Total Body Scoring (TBS) method, that quantified the relationship between gross anatomical changes and the amount
of accumulated temperature required to produce these changes.! Since its initial publication, the TBS method has had variable success estimating the
PMI for decedents from a variety of different climates and depositional contexts. Moffatt et al. recently published a modified formula and methodology
for PMI estimation, termed the Modified TBS (MTBS) method, that purportedly performs better than the TBS method.? The objective of this study
was to independently and longitudinally validate the accuracy and precision of the MTBS method using 25 decedents who were received as donors by
the University of Tennessee William M. Bass Body Donation Program between March 2014 and April 2017.

Temperature data (°C) were collected from Tinytag® data loggers and TBSs were obtained through daily observations (up to 112 days after placement)
performed in person at the Anthropological Research Facility. Some donors (h=10) were scored assigned TBSs by multiple observers. To include these
data, the TBSs for each donor were averaged across observers because observer disagreement was negligible (Cronbach o >0.90). All TBSs were input
into the Megyesi et al. equation to produce daily Accumulated Degree Day (ADD) point estimates and associated 95% prediction intervals for each
donor.! To facilitate validation of the MTBS method, each TBS was then reduced by three and input into the Moffatt et al. modified equation to produce
ADD point estimates.? The associated 95% prediction intervals for each modified TBS were then taken from the data table provided by this study.
Preliminary results demonstrate that the TBS method was able to more accurately estimate ADD than the MTBS method for the data set used here;
however, prediction intervals were smaller for the MTBS method than for the TBS method, indicating higher precision for the former. Additionally,
significant differences in ADD point estimates were observed between both methods investigated in this study (p<0.0001).

These findings suggest that, despite large prediction intervals, the TBS method is better at predicting ADD in East Tennessee; however, these results
importantly demonstrate that there are instances in which neither method is able to accurately estimate time since death, regardless of statistical
modifications, supporting recent studies that argue for continued caution in utilizing temperature-based predictive models that are based on gross
presentation of decedents. It is strongly recommended that researchers and practitioners in other environments validate the reliability of the MTBS
method in relation to the TBS method before considering the statistical modifications provided by Moffatt et al, and that future research projects
consider longitudinally evaluating the efficacy of methods like those presented here across multiple seasons.?

Reference(s):

L Megyesi M.S., Haskell N.H., Nawrocki S.P. Using Accumulated Degree Days to Estimate the Postmortem Interval From Decomposed Human
Remains. J Forensic Sci. 2005; 50(3):1-9.

2 Moffatt C., Simmons T., Lynch-Aird J. An Improved Equation for TBS and ADD: Establishing a Reliable Postmortem Interval Framework for
Casework and Experimental Studies. J Forensic Sci. 2016; 61(S1): S201-S207.
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A64  The Effects of Hydrochloric Acid (HCI) on Decomposition: Evidence of Preferential Destruction to the
Head and Extremities

Dayanira Lopez, BS*, Florida Gulf Coast University, West Palm Beach, FL 33405; Heather A. Walsh-Haney, PhD, Florida Gulf Coast University,
Fort Myers, FL 33965-6565; Laura Frost, PhD, Florida Gulf Coast University, Fort Myers, FL 33965; Brian Johnson, PhD, Florida Gulf Coast
University, Fort Myers, FL 33965

Learning Overview: After attending this presentation, attendees will understand the effects of HCI on human remains, specifically demonstrating
preferential destruction of the head and extremities over the torso, as replicated in a study using a pig (Sus scrofa) to compare the pattern of dissolution.
Finally, the effect that estuarine water has on the rate of dissolution of human remains when added to a proportion of HCI was tested.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by offering an example of the taphonomic
changes to expect and what lines of evidence persist in a container that could have held human remains in an acidic solution, in hopes of implementing
policy change that would make these materials more difficult for criminals to access, therefore decreasing the potential for copycat crimes of this
nature.

Due to the growing excitement and popularization of television crime shows, forensic scientists are now faced with the difficult task of analyzing
copycat crime scenes, such as those portrayed on CSI or Breaking Bad. In particular, the disposal of human remains using common household acids
has been mimicked by real criminals and led previous researchers to examine the effects of different acids on incomplete human remains. In general,
previous studies have found that HCI is the most destructive agent when in contact with human remains, including fragments of femora and teeth.3
HCI, commonly referred to as muriatic acid, is easily available for purchase at home improvement stores and sold in varying concentrations.

This present study expands on previous research by demonstrating the effect that HCI has on human remains in a controlled laboratory setting. Based
on previous research with incomplete remains and experiences working on forensic cases, it was hypothesized that the HCI would not preferentially
destroy some body parts over others (i.e., head and extremities over torso), and that the addition of estuarine water to HCI would not affect the rate of
dissolution. This study tested these hypotheses with three experiments: the first involved an intact, donated human cadaver; the second used an intact
pig carcass of similar size to the human; and the third examined the changes to eight donated human fingers. The remains were placed inside
polypropylene plastic containers and submerged in a solution of 30% concentration of HCI (human and pig) or a proportion of HCI and estuarine water
(fingers only). Quantitative variables included ambient and solution temperatures, pH, salinity, and cortical bone measurements. Qualitative variables
included the presence of hair, nails and viscera, color of tissues (using Munsell color cards), and bone change (soft, eroded, pitted, gelatinous,
amorphous, and total dissolution). These data were collected at hourly intervals (human=70 hours; pig=408 hours; human fingers=(208 hours) until the
conclusion of the experiments after complete dissolution.

Results of the experiments revealed that the human and pig skulls were severely affected in just 13 hours after initial submersion in HCI. In addition,
the head and extremities were almost completely dissolved in 70 hours (human) and approximately 87 hours (pig). The fingers in the third experiment
took a total of five months to completely dissolve. Weight, solution temperature, and pH (<1) remained relatively consistent for all experiments, and
portions of the torsos, including the viscera, persisted throughout the length of the human and pig experiments. Hair, finger and toe nails, and one dental
restoration were recovered at the conclusion of the human experiment (Human Experiment 1=70 hours; Human Finger Experiment=3,720 hours). Teeth
and nails were not recovered from the pig experiment=432 hours).

Contrary to the hypotheses of the researchers, these results indicated that the HCI could preferentially destroy certain body segments over others, and
that pig remains follow a similar pattern of dissolution as that of human remains. Additionally, this study found that adding estuarine water to HCI
reduces its dissolution efficiency while continuing to have an extremely acidic pH. These results provide a significant contribution to the current
literature and offer an additional example of the taphonomic changes to expect and what lines of evidence persist in a container that could have held
human remains in an acidic solution. Additionally, it is hoped this research assists legislators in implementing policy change that would make these
materials more difficult for criminals to access, therefore decreasing the potential for copycat crimes of this nature.

Reference(s):

L Hartnett, Kristen M., Laura C. Fulginiti, and Frank Di Modica. The Effects of Corrosive Substances on Human Bone, Teeth, Hair, Nails, and Soft
Tissue. Journal of Forensic Sciences. 56, no. 4 (2011): 954-959.

2 Mazza, Alessandra, Giuseppe Merlati, Caterina Savio, Giovanni Fassina, Paolo Menghini, and Paolo Danesino. Observations on Dental Structures
When Placed in Contact With Acids: Experimental Studies to Aid Identification Processes. Journal of Forensic Sciences. 50, no. 2 (2005):
JFS2004292-5.

3 Vermeij, Erwin, Peter Zoon, Mayonne van Wijk, and Reza Gerretsen. Microscopic Residues of Bone From Dissolving Human Remains in Acids.
Journal of Forensic Sciences. 60, no. 3 (2015): 770-776.
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A65  Outdoor Crime Scene Reconstruction

Dennis C. Dirkmaat, PhD*, Mercyhurst University, Erie, PA 16546; Luis L. Cabo, MS, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will have a clear understanding of new perspectives on the processing of outdoor
crime scenes that focus on the roles of forensic archaeology, forensic osteology, and forensic taphonomy.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by outlining how the disciplines of
forensic archaeology and forensic taphonomy can have a significant impact on better reconstructions of the death event at outdoor crime scenes.

The discipline of forensic anthropology has changed significantly since it was first defined in the 1970s. Initially described as a laboratory-based,
human osteology-centered discipline, the focus was almost exclusively on providing more accurate biological profile assessments that would aid efforts
to identify unknown individuals found in a forensic setting. This study suggests that in the last few years forensic anthropology has evolved into two
related but disparate sub-disciplines: (1) one focused on assessing biological profile at the time of death; and (2) another that focuses on the recovery
and interpretation of human remains found in forensic contexts as one part of a medicolegal investigation. This sub-discipline involves scene-processing
protocols utilizing forensic archaeological methods, practices, and principles; the consideration of remaining soft tissues, biological profile assessment,
and interpretation of skeletal trauma in the laboratory; and, most importantly, the incorporation of forensic taphonomy into the construction of the most
parsimonious, most evidence-based hypotheses of past events that transpired at the outdoor crime scene.

Law enforcement processing of the indoor scene is typically performed extremely well. However, a new approach to the processing of the outdoor
crime scene is required. This new approach involves not only the thorough collection of the appropriate evidence, but an overarching set of guiding
principles that focus on creating and testing viable and verifiable scientific-based hypotheses of what happened in the past at the scene. Forensic
taphonomy fits the bill since it is particularly interested in the specifics of the removal/movement/alteration of the biological tissues and considerations
of all relevant taphonomic agents from the time of emplacement until recovery. However, for law enforcement and medicolegal officials, reconstructing
the death event (i.e., site formation), and not so much what has happened to the evidence since the site was formed, is what is important. From this
perspective, the primary goal for processing a forensic scene is to provide a detailed sequence of events related to the death of the human victim: the
crime scene reconstruction. At an outdoor scene, given different types of evidence and the important roles of forensic anthropology, forensic
archaeology, and forensic taphonomy (not found in indoor scene recoveries), this presentation has labeled this activity: Outdoor Crime Scene
Reconstruction (OCSR).

This newly described perspective and approach focuses on incidents surrounding the death event (the ephemeral, short-term event that oftentimes
occurred months or years earlier) and includes three phases. Phase 1 requires the gathering of information from the outdoor forensic scene in order to
reconstruct: (1) circumstances surrounding the death event; (2) the original location, position, and orientation of the body at the time of deposition on
the scene; (3) what has happened to the remains since that time and whether humans have altered the scene; and (4) final Postmortem Interval (PMI)
estimates. Location, documentation, and collection of evidence is best completed through forensic archaeology. During the recovery, multiple and
varied hypotheses related to specific events of the past are constructed and tested. Phase 2 occurs in the laboratory. Remaining soft and hard tissue is
analyzed for information critical to producing scientific estimates of PMI. Types and degree of impact of modifications to the biological tissues from
various taphonomic agents (including humans) are noted. Final determination of specific bone, portion, and side for each skeletal element are made.
Phase 3 of the OCSR approach involves the production of final hypotheses of past events. Scene information is melded with osteological information,
and forensic taphonomy perspectives and paradigms of how to interpret the data are used to produce hypotheses of events surrounding the death event.
These reconstructions are presented in the final report that is prepared as a courtroom-ready document.

Outdoor Crime Scene Reconstruction, Forensic Taphonomy, Forensic Archaeology
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A66  Use of an Alternate Light Source (ALS) to Locate Surface-Deposited Skeletal Remains

Tracy E. Brown*, Herndon, VA 20170; Angi M. Christensen, PhD, FBI Laboratory, Quantico, VA 22135

Learning Overview: After attending this presentation, attendees will be aware of a new method for searching for skeletonized human remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing a method that can improve
the quantity of bones and teeth recovered in cases of surface-deposited skeletal remains.

Searches for skeletal remains can be complicated by taphonomic processes that result in the disarticulation, fragmentation, and redistribution of remains.
The consequence is often an incomplete recovery, with small bones, fragments, and teeth especially susceptible to being overlooked during a search.
This study tests whether supplementing a traditional line search with a second search using an ALS, performed after dark, will result in the recovery of
additional skeletal remains.

Forty-eight Sus scrofa bones and teeth, all measuring less than 4cm, were distributed and mapped within a ~21m x 11m search area. The search area
had moderate surface debris, including leaves, grass, and sticks. VVolunteer, inexperienced searchers were divided into 13 two-member teams and three
search types. Four teams conducted a traditional daytime pedestrian line search only. Four teams performed a nighttime search only, using an ALS
with a 450nm wavelength head and orange filter goggles. Five teams conducted a daytime line search followed by a nighttime ALS search. All finds
were marked by the teams with pin flags. No time limit was imposed on the search (search teams determined when the search was complete), but the
search time was recorded.

Teams conducting traditional daytime line searches located an average of 19 (40%) of the specimens, the ALS-only search teams located an average
of 33 (69%) of the specimens, and the combined search resulted in an average of 37.4 (78%) of the specimens being located. When an ALS was used
(in combination with a daytime search or alone), the number of specimens located was significantly greater compared to a traditional daytime line
search only (p <0.001). Given that the searchers in this test were volunteers inexperienced in searching for skeletal remains, it is expected that those
trained in evidence searches and/or identifying skeletal remains are likely to have higher recovery rates, but the relative differences between search
team types is a significant finding. There was no significant difference in the time teams spent on daytime-only versus ALS-only searches (p=0.32),
and the combination of the two search types approximately doubled the total search time. For ALS and combined searches, there was a slight positive
correlation between search time and specimens located (R?=0.3997 and 0.0480, respectively); for daytime searches there was an inverse association
between search time and specimens located (R?=0.6747).

For an ALS search to be effective in locating a bone or tooth, the skeletal specimen must be in the path of the light source and must retain fluorescent
properties. This approach, therefore, would not be effective for locating buried remains or those obscured by significant surface debris, nor is it
appropriate for locating severely burned remains or other remains significantly lacking in collagen. Searches conducted at night may involve
environmental and security-related hazards, so time and safety considerations should be weighed against the benefits of locating additional remains.

The technique is easy to use, even by untrained personnel, and ALS devices are relatively affordable. Results of this study indicate that search
approaches involving an ALS (either alone or in combination with a daytime line search) located significantly more remains than a daytime line search
alone. It is recommended that traditional line searches be supplemented with an ALS search when possible, which is likely to increase the quantity of
skeletal remains located.

Forensic Anthropology, Alternate Light Source (ALS), Search and Recovery
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A67  Evaluating the Use of Photogrammetry in the Excavation of Buried Human Remains

Kathleen Flor-Stagnato, MA*, University of Tennessee, Knoxville, Knoxville, TN 37916-1013

Learning Overview: After attending this presentation, attendees will understand: (1) photogrammetric data collection and processing; (2) the
limitations and strengths of photogrammetric data; and (3) the possibilities for human skeletal data collection.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that photogrammetry
can be a quick, inexpensive, and easily learned technique for creating spatially accurate and photorealistic renderings of burials or scenes.

Photogrammetry is defined by the American Society for Photogrammetry and Remote Sensing (ASPRS) as “the science or art of obtaining reliable
measurements from photographs.”® The field of photogrammetry has changed rapidly with the public’s increasing access to tools and software.
Increasingly popular, though not widely incorporated within forensic anthropology, is Structure from Motion photogrammetry, which creates digital
3D models from photographs.

Baier and Rando evaluated the use of photogrammetry in a simulated mass grave and stated that accurate cranial and post-cranial measurements would
not be retrievable—post-excavation—from within the generated digital 3D model.? However, other studies have explored the use of photogrammetry
for archaeological site recording and have found post-excavation measurements within the photogrammetric model not only possible, but accurate.8

This research evaluates photogrammetry in several ways: comparison between Geographic Information Systems (GIS) models and hand-mapping, the
abilities of non-experts versus experts, and the ability to obtain accurate skeletal measurements from within the digital in situ model. The results
demonstrate that photo collection time between skill levels did not vary significantly, and root mean squared error of the resulting models was also not
significantly different between skill levels. Additionally, all data collected in the traditional excavation documentation process can be gathered or
created from the photogrammetric models. Utilizing a photogrammetric workflow eliminates redundancies in the collection of data and can speed up
work. Statistical analysis comparing the digitally taken skeletal measurements to the physically taken skeletal measurements revealed that accurate
skeletal measurements are possible, which supports the findings of many other researchers and refutes Baier’s and Rando’s conclusions.? In order to
obtain the best results from photogrammetric models, it is essential to follow a strict data collection protocol. If this is done, photogrammetry can be a
useful tool to incorporate into the forensic anthropologist’s toolkit for documenting and analyzing a scene or excavation, which offers an accurate, fast,
and inexpensive alternative to other current technologies and methods.

Reference(s):

L Thompson, Morris M. 1966. Introduction to Photogrammetry. In: Manual of Photogrammetry, 3rd ed. Vol. I. ASPRS.

2 Baier, Waltraud, and Carolyn Rando. 2016. Developing the Use of Structure-from-Motion in Mass Grave Documentation. Forensic Science
International. 261: 19-25.

3 De Reu, Jeroen, Philippe De Smedt, Davy Herremans, Marc Van Meirvenn, Pieter Laloo, and Wilm De Clercg. 2014. On Introducing an Image-
Based 3D Reconstruction Method in Archaeological Excavation Practice. Journal of Archaeological Science. 41: 251-62.

4 De Reu, Jeroen, and et al. 2013. Towards a Three-Dimensional Cost-Effective Registration of the Archaeological Heritage. Journal of
Archaeological Science. 41: 251-62.

5 Grussenmeyer, Pierre, and Franck Perdrizet. 1996. Archeological Photogrammetry with Small Format Cameras: The Survey of the Forum Vetus
in Sarmizegetusa (Romania). International Archives of Photogrammetry and Remote Sensing. XXXI (B5): 200-204.

6. Koenig, Charles W., Mark D. Willis, and Stephen L. Black. 2017. Beyond the Square Hole: Application of Structure from Motion Photogrammetry
to Archaeological Excavation. Journal of Archaeological Science. 1-27.

 Verhoeven, G., M. Doneus, Ch. Briese, and F. Vermeulen. 2012. Mapping by Matching: A Computer Visio-Based Approach to Fast and Accurate
Georeferencing of Archaeological Aerial Photographs. Journal of Archaeological Science. 39: 2060-70.

8 Verhoeven, Geert. 2011. Taking Computer Vision Aloft—Archaeological Three-Dimensional Reconstruction from Aerial Photographs with
Photoscan. Archaeological Prospection. 18: 67—73.
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A68  Complexities in Transporting Human Remains Across International Borders

Denise To, PhD, DPAA-CIL, Joint Base Pearl Harbor-Hickam, Hl 96853; Debra Prince Zinni, PhD*, DPAA, Joint Base Pearl Harbor-Hickam,
HI1 96853

Learning Overview: After attending this presentation, attendees will better understand: (1) the complexities and regulations of conducting forensic
anthropology in international jurisdictions; and (2) the importance of understanding local cultural and federal specificity.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing examples of how regulatory
legislation pertaining to transporting remains can vary greatly from country to country and by demonstrating how complex the process can be when
physically transporting human remains across international borders.

With an increasing global trend of interaction between disparate societies, successful navigation of these complications can serve to improve
international relations for all dedicated forensic anthropologists in the future.

Forensic anthropological work is conducted throughout the world and often at the request for international assistance. Organizations often call upon
the forensic community to assist outside their respective countries when they encounter human remains as a result of armed conflicts, human rights
violations and war crimes, past conflict accounting, terrorist events, natural disasters, and inadvertent exposure; however, a key concept in working
internationally is having a solid foundation and firm understanding of foreign legislation pertaining to human remains. This presentation focuses on
one of these aspects: transporting human remains across international borders.

The Defense POW/MIA Accounting Agency (DPAA) Laboratory specializes, in part, in recovering, collecting, analyzing, stabilizing, and transporting
human remains in the international setting. DPAA investigation areas and recovery sites are located across the globe, and the movement of human
remains oftentimes involves multiple international jurisdictions, as well as interlocking Department of Defense (DoD) agency responsibilities. In
addition, due to the historical development of the accounting effort of missing United States servicemen, DPAA conducts forensic reviews with local
federal scientists in numerous countries.

Regulatory statutes for processing archaeological remains is usually limited to within the country but can be complex as the policies of the local, state,
and federal Historic Preservation Offices must successfully commingle with various First Peoples and Indigenous groups. However, comparatively
speaking, the regulatory statutes for processing and transporting current-day death remains within and between countries is significantly more complex.
Additionally, remains are oftentimes unilaterally offered to the DPAA from local nationals, and steps to ensure that local and indigenous remains are
not being transported out of the country must be taken.

At the DPAA, the determination by any of their forensic archaeologists and/or forensic anthropologists that skeletal remains in their custody might be
those of an American serviceman triggers a series of medicolegal steps that must be taken to transport those remains out of the country and bring them
back to one of the DPAA laboratories. Considerations include: interest and involvement from local/state government, federal/host-nation officials, and
United States State Department; local religious groups with vested interest; forensic and legal laissez passer requirements for human remains (or from
local historic preservation and/or medicolegal offices), scientific review with local forensic scientists, biohazard and customs issues, death certificates,
chain of custody documents; and even optics and media issues. The complexity of those steps varies greatly from country to country and even state to
state. Some countries (e.g., Poland) place greater concern over the joint scientific review and less on optics and media, while other countries
(e.g., Laos) are less concerned with permitting and paperwork and focus more on visibility and politics. Transportation of human remains through
certain countries, such as Australia, requires emphasis on biohazard issues, while the transportation of human remains out of the Democratic People’s
Republic of Korea is at a complexity of the highest levels.

As a federal agency, the DPAA cannot afford any missteps in any part of these processes, as their actions in other countries have long-term implications.
As forensic anthropologists, it is our responsibility to be diligent in navigating through these legal regulations as we assist and collaborate with forensic
scientists beyond our borders.

Forensic Anthropology, Transporting Remains, International
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A69  Qualifications for Forensic Anthropologists

Marin A. Pilloud, PhD, University of Nevada, Reno, Reno, NV 89557-0096; Nicholas V. Passalacqua, PhD*, Western Carolina University, Cullowhee,
NC 28723

Learning Overview: After attending this presentation, attendees will understand current attitudes toward various qualifications by forensic
anthropology practitioners and will gain a clearer picture of where advances for the future should be focused.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by initiating the first steps for developing
standards in the practice of forensic anthropology through a discussion of current and proposed qualifications for the discipline.

This presentation is based on an online survey hosted by Western Carolina University and approved by the Institutional Review Board of this institution
as well as the University of Nevada, Reno. At the time of this writing, the survey had 258 respondents who, via self-reporting, had performed forensic
anthropology casework or considered themselves qualified to do so. Note that not all respondents provided an answer to every question. In this overview
of perceived and proposed qualifications in forensic anthropology, three main areas will be considered: education, training, and certification.

Education can be defined as the formal coursework from an accredited school, college, or university, while training can be defined as the formal,
structured process of teaching and assessment at a laboratory or other non-educational institution.* Together, education and training form the basis for
developing qualifications in a discipline.? Qualifications are typically demonstrated via certification or licensing by an accredited body. Presently,
forensic anthropology lacks standards for qualifying practitioners in all three of these areas, and the reality is that many people are practicing forensic
anthropology without appropriate qualifications.

In fact, when asked if they felt unqualified individuals were practicing forensic anthropology, 92% of respondents answered yes. When respondents
were asked what would make an individual unqualified to practice forensic anthropology, the three most common responses were: a lack of
training/experience (75%), followed by a lack of adequate education (32%), and unethical behavior (9%), respectively. Moreover, the clear majority
of respondents (98%) were in favor of developing standards for education and training in forensic anthropology, and 75% supported developing an
accreditation for forensic anthropology educational programs.

In terms of education, respondents had completed degrees ranging from a BA to a PhD. Courses taken during education also varied, with only three
courses (human osteology, statistics, and archaeological theory) having been taken by more than 70% of all respondents during their education. When
asked what knowledge areas should be required for the practice of forensic anthropology, 15 different areas were agreed upon by more than 70% of
respondents, with human osteology being the primary subject area.

When asked what training the respondents had received, the most common answers were assisting with field-based (88%) or laboratory-based (79%)
casework. When asked, “What do you think should be required for an individual to practice forensic anthropology?” more than 70% of respondents
indicated, “Some period of work supervised by a certified forensic anthropologist” with various other choices, including certification or graduate
degrees, falling below 70% agreement. However, in terms of training during education, only 44% of master’s programs and 48% of doctoral programs
attended by respondents had one or more anthropologists certified by the American Board of Forensic Anthropology (ABFA) as faculty.

Regarding certification, only 18% of respondents were certified by the ABFA. The responses toward certification by this organization were mixed
(both strongly for and against); however, 94% of respondents were in favor of some form of certification for forensic anthropology.

The current push for scientific rigor and the publication of standards in the forensic sciences has presented an opportunity for forensic anthropologists
to define qualifications for their discipline. These results demonstrate a clear need and desire for a standardization of qualifications within the field of
forensic anthropology. Based on these results, efforts should initially be focused on outlining basic required coursework, which could potentially be
overseen by an accrediting body (e.g., the Forensic Science Education Programs Accreditation Commission). Efforts should then move toward outlining
training requirements to demonstrate individual competencies. Certifying bodies could then incorporate these standards in their application processes.
In developing these qualification standards, focus should be on developing core competencies to practice forensic anthropology to best prepare
practitioners for the discipline.

Reference(s):

L Scientific Working Group for Forensic Toxicology (SWGTOX) standards for laboratory personnel. Journal of Analytical Toxicology. 2015;
39:241-250.

2 Passalacqua N.V., Pilloud M.A. Ethics and Professionalism in Forensic Anthropology. San Diego, CA. Academic Press, 2018.
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A70  Harris County Forensic Anthropology Training Program

Deborrah C. Pinto, PhD*, Harris County Institute of Forensic Science, Houston, TX 77054; Michal L. Pierce, MS, Harris County Institute of Forensic
Sciences, Houston, TX 77054

Learning Overview: After attending this presentation, attendees will have a better understanding of how a well-structured training program can
increase the quality of future forensic anthropology practitioners. In addition, attendees will appreciate the need for support from an organization’s top
management as well as local and federal funding entities of such practical trainings in forensic anthropology, and more widely, forensic sciences.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by addressing how to improve the quality
of practice in forensic anthropology through rigorous training and mentorship.

This presentation provides a brief history of the forensic anthropology fellowship and internship program developed by the Harris County Institute of
Forensic Sciences (HCIFS) as a possible template for other forensic anthropology training programs. The HCIFS serves a population of more than 4.5
million people and annually averages 4,000 autopsies, with approximately 350 forensic anthropology consults. As such, it provides a unique opportunity
to facilitate practical training for forensic anthropologists. The Forensic Anthropology Division’s (FAD’s) training program has progressed through
several iterations, with the most drastic changes occurring in 2015 when the FAD became accredited by the American National Standards Institute-
American Society of Quality (ANSI-ASQ) National Accreditation Board (ANAB). The program encompasses training of interns, postdoctoral fellows,
and newly hired staff.

Every summer, the HCIFS hosts up to a dozen interns who are mentored by professionals throughout the medical examiner office and crime laboratory.
The FAD typically hosts one to two interns for approximately 12 weeks. These interns shadow each of the three staff anthropologists, as well as assist
with case analyses, attend scenes, learn about laboratory quality assurance, and observe expert testimony; however, they do not co-author reports.
During their internship, they receive periodic progress reports and evaluations from their mentors. Additionally, the interns are expected to conduct
research or complete a special project and present their findings at a major conference.

Since 2010, the FAD has trained five postdoctoral fellows in casework under the FAD training program. This program was designed to mirror the in-
house forensic pathology fellowship program, which is accredited by the Accreditation Council for Graduate Medical Education (ACGME). The
fellows shadow staff anthropologists and eventually co-author cases during their fellowship year. They receive training in casework, including
developing a biological profile, trauma analysis with special attention to pediatric trauma, assessment of pathological conditions, identification
procedures, and scene recovery. In addition, they receive training in expert witness testimony and quality assurance. Like the interns, the FAD fellows
conduct research or work on a special project and present their results at a major scientific conference.

To comply with ANAB accreditation standards, the FAD has developed a modular training manual, which allows customization of the training program
to incoming interns, fellows, and newly hired staff. This type of program offers two tracks, allowing novices to receive more extensive training while
seasoned practitioners can demonstrate competency in a more expedited manner. Once trainees successfully complete their training, they are provided
with a memo of completion.

Exposing future forensic anthropologists to a diversity of casework within a quality assurance framework better equips them with the tools they need
to adapt to any forensic environment. Each of the FAD fellows received training and/or conducted research through grant funding by programs under
the National Institute of Justice or the Children’s Justice Act. With their support, the FAD has successfully trained fellows who are currently board-
certified or board-eligible forensic anthropologists and employed by various governmental and non-governmental organizations.

Due to the ever-increasing scrutiny of forensic practitioners, it serves forensic agencies well to ensure their anthropologists have a solid understanding
and appreciation of quality assurance concepts, accreditation standards, and industry-accepted practices. Implementing a rigorous training program that
incorporates these components can be labor and resource intensive; therefore, it requires support from top management, as well as federal and local
funding entities. Bringing management on board can be facilitated by demonstrating the connection between well-rounded trainees and high-quality
work.

Forensic Anthropology, Fellowship Training, Accreditation Program

Copyright 2019 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 -117 -



o Anthropology — 2019

A71  The American Board of Forensic Anthropology (ABFA) Examination Turns 40: Historical Perspectives
and Current Trends in Certification for Forensic Anthropology

Eric J. Bartelink, PhD*, California State University, Chico, Chico, CA 95929-0400; Donna C. Boyd, PhD, Radford University, Radford, VA 24142;
Diane L. France, PhD, Human Identification Laboratory of Colorado, Fort Collins, CO 80524; James Pokines, PhD, Boston University School of
Medicine, Boston, MA 02118; Debra Prince Zinni, PhD, DPAA, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: The goal of this presentation is to highlight the history, development, and future of forensic anthropology board certification
through the ABFA. Attendees will gain a better understanding of the role of the ABFA in certifying forensic anthropology practitioners and how the
certification process has changed in recent years.

Impact on the Forensic Science Community: This presentation will impact the forensic community by providing a historical perspective on forensic
anthropology board certification in the United States and Canada, as well as recent developments by the ABFA aimed at ensuring a transparent and
fair examination process and the highest-quality practitioners.

The ABFA was founded in 1977, five years after the formation of the Physical Anthropology Section (now the Anthropology Section) through the
American Academy of Forensic Science (AAFS). The ABFA was incorporated “as a non-profit organization to provide, in the public interest and the
advancement of science, a program of certification in forensic anthropology” (www.theABFA.org). Certification through the ABFA is considered the
highest level of qualification in forensic anthropology. The ABFA is the only forensic anthropology certifying body in North America and is currently
the only organization in the world that is accredited. In 2008, the ABFA received its accreditation through the Forensic Specialties Accreditation Board
(FSAB), with re-accreditation cycles occurring every five years.

As of 2018, 119 individuals have been awarded Diplomate certificates. Of the 119 total Diplomates, 79 (66.4%) are considered in an active status.
Inactive members represent Diplomates with retired status (n=16), those who were decertified due to inactivity (n=6), or those who are deceased (n=18).
From 1977-1978, certification was awarded to the first 22 applicants through a grandparenting process, representing 18.5% of the total awarded
certificates. Beginning in 1979, applicants were required to sit for a written and laboratory practical examination. Successful passing of both sections
with a score of 80% or higher is required to achieve Diplomate status. Growth of ABFA membership was initially slow, with 25 certificates being
awarded in the late 1970s, 18 during the 1980s, and 16 during the 1990s. However, significant growth has occurred in the last two decades, with nearly
one-third (n=37) of the active membership added since 2010. These recently certified Diplomates represent more recent PhD’s who bring newer
perspectives, skills, and experiences to the Board.

Although many aspects of the ABFA certification process have remained intact since the beginning, several significant changes have emerged in the
past few years. The majority of changes reflect efforts to make the certification process more transparent, fair, and compliant with FSAB accreditation.
During the application process, all submitted case reports must be redacted of any identifying information prior to submission. This allows the Board
of Directors to evaluate case reports in the blind. For the board exam, each examinee selects a random identifier to also allow exams to be graded in
the blind. For the written examination, the format was changed in 2011 from a series of essays to a multiple-choice format to facilitate more objective
grading. Although exam questions have historically been solicited from all active Diplomates, recently, questions have been solicited from an
Examination Question Committee composed of a representative number of Diplomates. Submitted questions must follow the provided multiple-choice
template and are then screened by the validation committee and the vice-president. In addition, consistency in exam question structure and difficulty
has been validated by an outside impartial entity to improve the structure and content of the exam. The test is generated from validated questions
representative of key concepts in forensic anthropology, including the biological profile, determination of medicolegal significance, taphonomy and
the postmortem interval, trauma analysis, assessment of pathological conditions and anomalies, legal procedures, personal identification, skeletal
processing methods, scene recovery, analysis of commingled remains, specialized applications, laboratory procedures, statistics, and general skeletal
biology. Examinees are now provided with a master list of key concepts and references as part of the study guide. The ABFA continues to improve its
application and examination procedures to reflect new developments and to ensure the highest and fairest standards for forensic anthropology
certification.

ABFA, Forensic Anthropology, Certification
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A72  Exploring Educational Needs Beyond Technical Competency: Laboratory Management, Testimony, and
Vicarious Trauma

Jennifer C. Love, PhD*, OCME, Washington, DC 20024

Learning Overview: After attending this presentation, attendees will understand the educational needs of forensic anthropology students beyond
traditional technical competencies. This presentation will explore the skills needed for effective laboratory management, providing appropriate court
testimony, and managing vicarious trauma.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting important components
of forensic anthropology education needed to shape the next generation of practitioners.

Since the landmark Supreme Court decisions of Daubert v. Merrell Dow Pharmaceuticals, Inc. and Kuhmo Tire Company, Ltd. v. Carmichael and the
release of the 2009 National Academy of Science Report Strengthening Forensic Sciences in the United States: A Path Forward, the field of forensic
anthropology has made great strides in validating and improving reliability of analytical methods.>? Furthermore, with raised awareness of the
importance of laboratory accreditation following international standards, the practice of competency and proficiency testing has taken root. In addition
to these advancements, the field of forensic anthropology would be further strengthened by developing standardized training modules in areas beyond
technical competencies, such as laboratory management, court testimony, and managing vicarious trauma.

Laboratory accreditation following international standards such as International Organization for Standardization (1SO) 17025 and 1SO 17020 is the
gold standard for forensic laboratory management and soon may become a requirement for laboratories receiving federal support, including grant funds.
However, the language of international standards and the management requirements are not intuitive. Students should be introduced to appropriate
laboratory management that meets international standards during their coursework and not solely through on-the-job training. Incorporating these
competencies into forensic anthropology curricula would prepare graduates for professional requirements beyond technical skills, including non-
technical skills required to work in an accredited laboratory as a member of an interprofessional team of experts.

Analysis of anthropologic evidence is the first step of case processing that often culminates in testimony. The requirements and limitations of forensic
testimony are being defined as the United States Supreme Court is asked to rule on cases involving complex forensic analyses (Melendez-Diaz v.
Massachusetts, Bullcoming v. New Mexico, and Williams v. Illinois).®> Students must have a sound understanding of court proceedings, as well as the
professional responsibilities, ethical obligations, and rights of expert witnesses. They must be prepared to answer appropriate questions with clear,
concise answers that are palatable by the jury and to decline fielding questions outside of their expertise or role in the case and, therefore, best handled
by other experts. Negotiating the witness stand is not a skill that should be learned on the witness stand, but rather learned in the classroom through
targeted, outcome-focused training modules.

Vicarious trauma is emotional residue that practitioners experience from hearing trauma stories and witnessing pain, fear, and terror that trauma
survivors have endured. Few anthropologists function solely in a role of a forensic scientist, receiving and analyzing specimens with no exposures to
the individuals connected to the evidence. Most anthropologists, especially those employed by medical examiner offices, wear multiple hats, putting
them in direct contact with family members of the recently deceased. This exposure places anthropologists at risk for vicarious trauma. Developing
core competencies in the areas of professional development and personal growth that provide students with healthy coping mechanisms to respond to
stress is needed.

Laboratory management, expert testimony, and navigating vicarious trauma are skills needed by forensic anthropologists that are equally as important
as well-recognized technical competencies (e.g., estimating sex, ancestry, age, and stature) for performing at the level of a practicing professional.
Forensic anthropology students must be introduced and become competent in these areas prior to serving as practitioners. The field of forensic
anthropology will be greatly strengthened by developing and employing standard educational models, program curricula, and continuing professional
education focused on developing these competencies.

Reference(s):

L Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993.)
2 Kuhmo Tire Company, Ltd. v. Carmichael 526 U.S. 137 (1999).

3 Melendez-Diaz v. Massachusetts, 557 U.S. 305 (2009).

4 Bullcoming v. New Mexico, 564, U.S. 647 (2011).

5.

Williams v. lllinois, 567, U.S. 50 (2012).
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A73  Core Competencies and Entrustable Professional Activities: A Model for Forensic Anthropology
Quialifications

Natalie R. Langley, PhD*, Mayo Clinic School of Medicine, Scottsdale, AZ 85259; MariaTeresa A. Tersigni-Tarrant, PhD*, Saint Louis University
School of Medicine, St. Louis, MO 63104

Learning Overview: After attending this presentation, attendees will be able to discuss the potential for clearly delineated competencies to guide
education, training, and certification in forensic anthropology.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by proposing a model for defining and
assessing competencies of forensic anthropology trainees and practitioners.

A cascade of changes in forensic research, practice, and training has occurred since the landmark 1990s court rulings (e.g., Daubert and Kumho) and
the 2009 National Academy of Sciences (NAS) Report, Strengthening Forensic Sciences in the United States: A Path Forward. As a result of work in
this arena by the Department of Justice and National Institute of Standards and Technology, the Organization of Scientific Area Committees was
created to replace the Scientific Working Group model for developing evidence-based standards and guidelines for forensic disciplines.

The forensic anthropology community has risen to the challenge of validating methods and improving reliability in our practice. The American Board
of Forensic Anthropology has continually improved the certification process, and several forensic anthropology laboratories have undergone the
rigorous process of accreditation. However, the discipline currently lacks uniform standards for education, training, and qualifications. In this
environment of scientifically rigorous research and practice, the trickle-down implications of this absence of uniformity may be costly for our discipline.

A potential model for defining competencies to guide education, training, and certification is that of medical education: core competencies and
Entrustable Professional Activities (EPAs). In 1999, the Accreditation Council for Graduate Medical Education (ACGME) selected six core
competencies that captured the foundational skills every practicing physician should possess. These competencies have shaped educational programs
and assessments of residents and undergraduate medical students. The ACGME is now laying the groundwork for using EPAs for resident competency
assessment. EPAs are units of professional practice to be entrusted to an unsupervised trainee once he/she has attained sufficient competence in the
task or responsibility. EPAs provide a means to translate the more abstract competencies into clinical practice. Whereas core competencies are
descriptors of physicians, EPAs are descriptors of work—activities that characterize clinical and professional skills directly linked to the core
competencies.

Competencies constitute a framework that describes the qualities and qualifications of professionals, and EPAs translate this framework into the world
of practice. A competency-based model of education would ensure that trainees demonstrate a sufficient level of proficiency at the completion of the
training. Furthermore, the competencies would provide uniform standards for assessment and certification of practitioners, as well as guide curriculum
development and program accreditation. Competencies are outcomes-based, not process-based, and they evaluate the integration of knowledge, skills,
and attitudes into practice.

This presentation outlines seven core competencies for forensic anthropology and will provide examples of EPAs for each of these competencies:
(1) Knowledge for Practice: Knowledge of established and evolving practices in forensic anthropology and the application of this knowledge to
casework; (2) Practice-Based Learning and Improvement: The ability to evaluate casework and research, to appraise and assimilate scientific evidence,
and to continuously improve methods based on constant self-evaluation, reflection, and lifelong learning; (3) Interpersonal and Communication Skills:
Interpersonal and communication skills that result in the effective exchange of information and collaboration with colleagues, students, medicolegal
professionals, decedent families, and media representatives; (4) Professionalism: A commitment to maintaining professionalism and adhering to ethical
principles in interactions with students, colleagues, medicolegal professionals, decedent families, and media representatives; (5) Systems-Based
Practice: An awareness of and responsiveness to the larger context of the medicolegal system, as well as the ability to utilize system resources and
collaborate with appropriate forensic subdisciplines to ensure optimal case outcomes; (6) Interprofessional Collaboration: The ability to engage in
interprofessional collaborations in a manner that exemplifies the role and application of forensic anthropology in medicolegal settings; and
(7) Professional Development and Personal Growth: The qualities and commitment required to sustain lifelong learning, professional development,
and personal growth.

This presentation seeks to gather audience feedback and integrate input from various stakeholders regarding the potential for this competency-based
model.

Competency, Certification, Professional Practice
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A74  Using Apatite Yield From Bone Sample Preparations for Quality Control in Stable Isotope Analysis
Applications

Lesley A. Chesson, MS*, PAE & DPAA Laboratory, Joint Base Pearl Harbor-Hickam, HI 96853; Gregory E. Berg, PhD, DPAA Identification
Laboratory, Joint Base Pearl Harbor-Hickam, HI 96853-5530; Eric J. Bartelink, PhD, California State University, Chico, Chico, CA 95929-0400;
Melanie M. Beasley, PhD, Knoxville, TN 37996-0720; Miranda Jans, PhD, SNA for DPAA, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: After attending this presentation, attendees will have a comprehensive understanding of the value of apatite yield for assessing
quality control of bones prepared for isotopic analysis.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting a heretofore unutilized
characteristic of bone bioapatite preparations (apatite yield) that can assist with evaluating sample quality prior to isotopic analysis.

Attendees will learn how calculated apatite yield could be used in addition to other quality assessment metrics (i.e., collagen yield, Carbon-to-Nitrogen
(C/N), Infrared Splitting Factor (IR-SF), and Carbonate-to-Phosphate (C/P)) to screen bone samples. The importance of how sample quality control
measures to ensure viable in vivo data are used when applied to forensic interpretations will be discussed.

Since the late 1970s, stable isotope ratios of bone have been a popular method for reconstructing various aspects of human history. In the mineral
fraction (i.e., hydroxyapatite, bioapatite, or apatite), carbon isotope ratios of carbonate ions record diet while oxygen isotope ratios record geographical
origin. The weight fraction of apatite in fresh bone has been measured at 57%.! Preparation of apatite for isotopic analysis requires the removal of
collagen and non-collagenous proteins as well as “secondary” carbonates that may have been incorporated during diagenesis. Typically, bone powder
is bleached using sodium hypochlorite or hydrogen peroxide to remove collagen, then treated with buffered or weak acetic acid to remove diagenetic
carbonates.

Bone apatite preparation methods used in forensic investigations of unknown decedents—such as Jane and John Does, unidentified border crossers,
and missing United States service personnel—have developed from the archaeological literature. The literature supplies several quality assessment
metrics useful for screening bone samples. For apatite, these include the examination of changes in molecular structure using spectroscopy.? One
method, Fourier Transform Infrared (FTIR) spectroscopy, is frequently used to assess apatite crystallinity though the measurement of an IR-SF.
Additionally, the ratio of C/P in apatite is often measured via FTIR spectroscopy. While helpful for evaluating diagenesis, application of this semi-
quantitative method requires a specialized spectrometer and substantial operator training.

This study investigates the utility of bone apatite yield as a quality assessment metric. Bone apatite and collagen fractions were prepared from 288
prehistoric (1,000 to 5,000 years B.P.) human samples from seven Central California sites and 191 “modern” (<100 years B.P.) human samples. The
four accepted quality assessment metrics were measured: collagen yield, elemental composition as the atomic C/N ratio, IR-SF, and C/P. Apatite yield
was additionally calculated and ranged from 21% to 68% across all samples.

Initial evaluation of apatite yield for quality control focused on prehistoric samples, which included bone in excellent to extremely poor condition.
There was no correlation observed between apatite yield and either collagen yield or C/N; only weak correlations were observed between apatite yield
and IR-SF (r?=0.22) or C/P (r>=0.19). Prehistoric samples were scored based on the traditional quality assessment metrics, with one point assigned for
each unacceptable metric (defined as collagen yield <5%, C/N >3.5, IR-SF >3.5, and C/P <0.15). Samples were then categorized into one of four
groups, with higher scores indicating poorer quality: 0, 1, 2, or 3-4 combined.

The “best” prehistoric samples, with no flagged quality metrics, had significantly lower mean apatite yield than samples with scores of 2 or higher
(one-way Analysis of Variance (ANOVA) with Tukey’s multiple comparisons post-hoc test; F=15, p <0.0001). Based on this, the “modern” samples—
which are typical of bone used in isotope testing of unidentified decedents—were used to define expected apatite yield, with measurement error
included, as 25%-60%.

This study demonstrates that apatite yield is useful in addition to, and potentially as a substitution for, other quality assessment metrics to screen bone
samples prior to isotopic analysis. Unlike IR-SF or C/P measures, calculation of apatite yield requires no specialized instrumentation or training and is
not determined from a semi-quantitative method. Routine calculation of apatite yield during bone sample preparation could additionally address needs
related to necessary quality control monitoring within accredited forensic laboratories, including the demonstration of method repeatability and
reproducibility. Given these initial results, it is proposed that bone sample preparations with apatite yield <25% or >60% should be considered
unacceptable in forensic investigations.

Reference(s):

L Wang X. Bank R.A., Tekoppele, J.M., and Agrawal.CM. The role of Collagen in Determining Bone Mechanical Properties. J Orthop Res.
2001:19(6):1021-1026.

2 Beasley M.M., Bartelink E.J., Taylor L., and Miller R.M. Comparison of Transmission FTIR, ATR, and DRIFT Spectra: Implications for
Assessment of Bone Bioapatite Diagenesis. J Archaeol Sci. 2014:46:16-22.
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A75 A Large-Scale Evaluation of Intraperson Isotopic Variation Within Human Bone Collagen and Bioapatite

Gregory E. Berg, PhD*, DPAA Identification Laboratory, Joint Base Pearl Harbor-Hickam, HI 96853-5530; Eric J. Bartelink, PhD, California State
University, Chico, Chico, CA 95929-0400; Jang Yuryang, PhD, National Defense Agency for KIA Recovery & ID, Seoul, SOUTH KOREA; Youngsoon
Shin, MA, Republic of Korea MND Agency for KIA Recovery & ID, Seoul, SOUTH KOREA; Lesley A. Chesson, MS, PAE & DPAA Laboratory, Joint
Base Pearl Harbor-Hickam, HI 96853

Learning Overview: After attending this presentation, attendees will have an in-depth understanding of the intraperson variation of Carbon (C) and
Nitrogen (N) isotopic compositions of human bone collagen and C and Oxygen (O) isotopic compositions of human bone apatite. Forensic interpretative
values for determining different individuals from isotope results will be presented.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving understanding of how
isotope values of collagen and bioapatite vary within an individual.

Isotopic compositions of human tissues, such as bone or tooth enamel, are tied to diet or drinking water sources, thus allowing investigators to predict
geographic origin of an unknown individual.! Some organizations, including the Defense POW/MIA Accounting Agency (DPAA), use isotope testing
as a part of identifying unknown human remains. Isotope testing has multiple positive down-stream effects, such as limiting DNA testing and potentially
separating commingled human remains.

Separating commingled human remains via isotope analysis is particularly important as mitochondrial DNA (mtDNA) can be shared between multiple
individuals. For example, one DPAA commingled group has a skeletal Minimum Number of Individuals (MNI) of 23 individuals that all have similar
mtDNA sequence information; to segregate them, additional full genome or autosomal DNA testing is necessary. Since autosomal DNA testing may
fail half of the time for any one sample, other avenues are needed to solve this problem. Isotopic variation between individuals could potentially be
used, but first we must determine what forensically meaningful intraperson variation is for each isotope and bone component.

The first widely cited “intra-individual” isotopic variation study was completed on rabbits and minks fed a monotonous diet.? This study concluded
that the 6'3C and 6'°N values of a single bone will be within 1%o of the values obtained from other bones from the same individual, or from other
individuals eating the same diet (to include humans). Since that 1983 publication, few other studies have explored this topic and only recently with
human bone. Olsen et al. found that the maximum intraperson variation from four bones in six individuals was 0.6%o for 5**C values and 1.6%. for
SN values, with a mean variation of 0.2%. and 0.8%o, respectively. Fahy and colleagues* published on 10 skeletal elements from 10 individuals,
finding the maximum intraperson variation to be 1.6%. for 5*C values and 3.1%o for *°N values and mean variation to be 0.9%o. and 1.6%o, respectively.*
Finally, a comprehensive literature review has not revealed any published intraperson variation data for 6*3C and 680 values of human bone bioapatite.

This study isotopically analyzed both collagen and apatite from 5-6 long bone elements from 21 individuals for §3C, §*°N, and §'80 values (n=112
samples, 448 analyses). Samples were prepared at California State University, Chico; collagen was analyzed at the University of California, Davis,
while apatite was analyzed at IsoForensics, Inc. This resulted in the largest known dataset of intraperson isotopic variation for human bone collagen
and (per this study’s research) the only dataset for human bone apatite.

Initial results indicate that the maximum intraperson variation for collagen was 0.7%o for 6*3C values and 0.9%o for §*5N values, with a mean variation
of 0.2%0 and 0.6%e, respectively (SD=0.2%o each). For the apatite fraction, the variation was 1.1%o. for §*3C values and 1.2%. for 5180 values, and the
mean variation was 0.7%o each (SD=0.2%. each). These results generally agree with the previously reported collagen data, though this study’s §*°N
values have a smaller intra-individual range (possibly due to more consistent diets of forensic versus archaeological cases).

Using a two and three standard deviation from the mean model, it is proposed that any two bones that have differing collagen §*3C values greater than
0.75%o are probably from different individuals, and those that have differing values greater than 0.95%. are different individuals. Likewise, 5'°N values
greater than 1.0%o are probably different, and greater than 1.2%. are different. For apatite, the proposed values change slightly to 1.2%. and 1.5%. for
6'3C values; for 5180 values, >1.2%o=probably different, while >1.4%0=are different. Following these parameters, sorting commingled human remains
based on a triage of the isotope values of human remains can be undertaken.

Reference(s):

L Bartelink E.J., Berg G.E., Beasley M.M., and Chesson, L.A. Application of Stable Isotope Forensics for Predicting Region of Origin of Human
Remains From Past Wars and Conflicts. Annals Anthro Practice. 2014:38(1):124-136.

2 DeNiro M.J., Schoeniger M.J. Stable Carbon and Nitrogen Isotope Rations of Bone Collagen: Variations Within Individuals, Between Sexes, and
Within Populations Raised on Monotonous Diets. J Arch Sci. 1983:10(3):199-203.

3 Olsen K.C., White C.D., Longstaffe F.J., von Heyking K., McGlynn G., Grupe G., and Ruhli F.J. Intraskeletal Isotopic Compositions (6*3C, 6*°N)
of Bone Collagen: Nonpathological and Pathological Variation. Am J Phys Anthrop. 2013:153(4):598-604.

4 Fahy G.E., Deter C., Pitfield R., Miszkiewicz J.J., Mahoney, P. Bone Deep: Variation in Stable Isotope Rations and Histomorphometric
Measurements of Bone Remodeling With Adult Humans. J Arch Sci. 2017:87:10-16.
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A76  Conservation of Isotope Ratios in Burned Bones of Pigs and Humans

Julianne J. Sarancha, MS*, University of California, Davis, Davis, CA 95616; Gwyneth W. Gordon, PhD, School of Earth & Space Exploration,
Tempe, AZ 85287-1404; Jelmer Eerkens, PhD, University of California, Davis, Davis, CA 95616; Christopher J. Hopkins, MS, Merck & Co,
West Point, PA 19486; Eugenia Cunha, PhD, National Institute of Legal Medicine and Forensic, Coimbra, AB 3000-456, PORTUGAL; David
Gongcalves, PhD, Research Centre for Anthropology and Health, Coimbra, PORTUGAL; Inés Santos, MSc, University of Coimbra, Coimbra 3000-
456, PORTUGAL; Ana Vassalo, MSc, University of Coimbra, Coimbra 3000-456, PORTUGAL

Learning Overview: After attending this presentation, attendees will understand that isotope analysis can provide accurate inferences concerning diet
and geographic origins in cases in which remains have been burned.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that isotope analysis
can assist in identifying unknown remains that have been burned, but also constrain when the analysis may be less reliable.

Stable and radiogenic isotope analysis of unidentified human remains can assist forensic investigations by providing inferences about the individual’s
dietary and geographical life history. Understanding the effects of various postmortem processes on isotopic signatures is an important, but
understudied, knowledge gap. Using two sample types and burn methods, this study was designed to replicate body disposal attempts by: (1) leaving
surrounding tissues intact, (2) burning in an open flame, (3) introducing an accelerant, (4) comparing experimental samples to a control from the same
individual, and (5) incorporating a control group from a single population to provide context for the magnitude of isotope differences.

This research hypothesized that isotope signatures of most isotope systems in modern bones are comparable before and after burning, focusing on
commonly used isotope systems including carbon, nitrogen, oxygen, and radiogenic strontium, as well as lesser-studied isotope systems of sulfur and
mass-dependent strontium. Fifteen racks of pig ribs, each rack providing one control and three to four experimental samples, originated from the same
herd, ensuring the same isotope source for individuals. Leaving surrounding tissues intact, rib racks were sectioned and burned outdoors in a fire for a
preassigned time (25min, 40min, or 55min) and accelerant treatment (none or diesel) while temperatures were recorded in 1min intervals (max.
temp.=566°C). For human skeletal samples, two rib and two femur samples were taken from each of four dry skeletons. One rib and femur pair for
each individual was kept as a control, and the other pair was burned in a furnace until temperatures reached 200°C, 400°C, 600°C, and 800°C. Isotope
ratios were compared in unburned and burned samples from the same individual, which excluded inter-individual variation. Bone collagen, carbonate,
and strontium were analyzed by Elemental Analysis-lsotope Ratio Mass Spectrometry (EA-IRMS), Gas Bench-IRMS, and Multiple Collector-
Inductively Coupled Plasma/Mass Spectrometry (MC-ICP/MS), respectively.

For the unburned controls (pigs), the range of each isotope system was §*3Ccoliagen=2.54%o, 5°N=2.62%o, 93*S=4.0%o, 5**Ccarbonate=2.16%o, 580=8.64%o,
87Sr/%6Sr=0.00097, and 5°8/%6Sr=0.28%. For the pigs, the largest standard deviation (16) seen within an individual, including burnt samples, for each
isotope system was 6**Ccoliagen=0.24%o, 5**N=0.22%0, 6**S=2.4%o, 6**Ccarbonate=0.41%o, 5'80=2.85%o, &7Sr/%Sr=0.00011, and 5*¢/86Sr=0.16%.. For the
humans, the largest standard deviation (1c) seen within an individual for each isotope system was d*3Ccollagen=0.14%o0, 6*°N=0.18%0, 5**S=0.9%o,
O"3Ccarbonate=1.05%o, 5180=7.92%o, 87Sr/%8Sr=0.00011, and 5°8/86Sr=0.06%.. Overall, the variation for each isotope system between burnt and control
samples was less than the range seen in the herd of pigs, except for *3Ccarbonate and 680 in human samples, which showed a decrease at 800°C and
400°C, respectively.

In cases such as body disposal attempts within the parameters explored in this study, it is likely that isotopic signatures will provide accurate dietary
and geographical history inferences from bone, especially if surrounding tissues remain intact post-burn. Extreme burn cases, such as cremation or
prolonged furnace heating of skeletal components, will likely alter the collagen and carbonate constituents.

Isotope Analysis, Burned Bones, Forensic Geochemistry
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A77  The Role of Stable Isotope Analysis in Forensic Cases From Flagstaff, Arizona

Taylor Lambrigger*, Gilbert, AZ 85297

Learning Overview: After attending this presentation, attendees will better understand the viability of stable isotope analysis in a forensics context,
specifically assessing its potential to aid in forensic identification.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illuminating whether stable isotope
analysis has the potential to be used in a forensics context in assisting with identification.

Coconino County, AZ, has a unique forensic profile. Home to a major state university that draws in students from a plethora of other states and
countries, the Grand Canyon, which attracts millions of international and national visitors, as well as the Navajo and Hopi Native American reservations,
the county handles numerous deaths each year of individuals from varying backgrounds. Those remains obtained by the Coconino County Medical
Examiner’s Office are often identifiable; however, those that are unable to be forensically identified are kept in storage and constantly reassessed for
identification. Historically, analysis of stable isotopes has been a useful tool in various fields, including archaeology, to gain insight into the geological
and biological information for both human and faunal remains. Because of the pertinent data regarding migration and diet that can be obtained from
stable isotope studies, analysis of various stable isotopes in unidentifiable human remains allows for the building of biological backgrounds that can
potentially assist in forensic identification.

Twenty-one femoral and dental samples from unidentifiable human remains were obtained from the Coconino County Medical Examiner’s Office and
transferred to Northern Arizona University’s Paleodiet Lab. Teeth, which form in childhood and adolescence, allow for isotopic studies of the beginning
of life, and, due to the remodeling of bones in the body, the isotopic levels from the last decade of life can be researched. Eleven individuals were
studied, with six having a paired dental and femoral sample, allowing for the assessment of isotopic values throughout the life course. Additionally,
the processing of remains allowed for the verification of provenience information cataloged by the Medical Examiner’s Office, including estimated
age and sex. Each sample was processed, followed by collagen and carbonate analysis for each femoral sample and carbonate analysis for dental
samples. Furthermore, 11 samples were prepared for strontium and lead analysis. Upon obtaining the data from analysis, strontium and oxygen isotope
levels were compared with recently developed isoscapes for both the United States and various other states in Western Europe to assess patterns of
migration. Trends in carbonate and collagen data were also measured against known literature for dietary patterns of different regional populations in
the United States.

The importance of this study’s results is multifaceted. Primarily, a check on the accuracy of provenience data collected by the Coconino County Medical
Examiner’s Office was conducted, updating the records held for each individual. Isotopically, information on dietary patterns and geographic migrations
were obtained. Results consistent with dietary patterns of individuals from the Navajo reservation were seen, as well as possible consistencies with
Western European diets. Additionally, analysis of regional water intake potentially aided in geographic data obtained for individuals. Furthermore,
valuable data regarding the relevance of stable isotope studies in contemporary human studies was seen, as trends in breastfeeding and weaning that
are consistent with American trends were confirmed isotopically. With the increase of globalization potentially undermining isotopic studies on
contemporary populations, this study demonstrates that there is information that can be gathered that can aid in forensic identifications.

Isotope, Unidentifiable, Identification
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A78  Experimental Lacustrine Taphonomy: Decompositional Changes in Freshwater Lake-Submerged Skeletal
Remains

Vienna C. Lam, MA*, Simon Fraser University, Burnaby, BC V5A 1S6, CANADA; Lynne S. Bell, PhD, Simon Fraser University, Burnaby, BC V5A
156, CANADA

Learning Overview: After attending this presentation, attendees will better understand how Ovis aries (domestic sheep) bones will change at the
macroscopic and microscopic level when submerged in freshwater lakes.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating what aquatic
taphonomic signifiers can be expected of freshwater submergence of cortical bone discs in the Pacific Northwest and how findings can be used to
compare with other submergence contexts, ecological zones, and geographic regions.

Although submergence studies have identified changes to skeletal remains that help distinguish aquatic decompositional environments from those
involving terrestrial exposure, few studies have distinguished whether freshwater contexts would result in different diagenetic changes than that of
marine water. Existing literature in this area has also inconsistently reported the presence of sediment-induced abrasion, disarticulation, dissolution,
encrustation, fragmentation, spatial orientation, bioerosional tunneling, mechanical weathering, fluvial erosion, and scavenging marks, which suggests
that taphonomic signifiers may be bound to ecological zones. Being able to identify taphonomic signifiers associated with freshwater lakes is also of
forensic interest because it may help detect postmortem secondary movement and elapsed time since entering the water. The goal of this study was to
create a baseline of decompositional changes in freshwater submerged skeletal remains and to explore whether these changes can be attributed to
elapsed time, seasonality, and/or specific depositional environments across a freshwater lake.

This aquatic field experiment involved deploying sectioned sub-adult Ovis aries (domestic sheep) femoral bone discs (n=130) across ten sites across
Marion Lake, BC, Canada, to study the effects of freshwater submergence on cortical bone preservation. Control samples were secured in the Centre
for Forensic Research, Simon Fraser University, Canada. Experimental specimens were recovered consecutively over a 16-month period from 2016—
2017 and analyzed macroscopically for structural (artifact, abrasion, cracking, bioerosion) and color change using a Zeiss Stemi macroscope.
Atmospheric, lake surface, and core temperature were also monitored, along with precipitation, water pH, cage movement, and elemental profiling of
silt composition using Focused lon Beam/ Scanning Electron Microscopy (FIB/SEM) and Energy Dispersive Analysis X-Ray (EDAX).

Results revealed a significant relationship between several taphonomic signifiers and the location of submergence and elapsed time of submergence.
Periosteal abrasion was found to be significantly related to the length of the submergence period. This suggests that the longer the sample stayed
underwater, the more abrasive wear took place due to natural hydrodynamic characteristics of a mountainous coastal lake. Where samples were placed
across Marion Lake had no effect on whether cracking would occur. Instead, the length of time a sample was submerged was yet again the most
important factor in determining whether cracking on both the periosteum and transverse block face would occur. It was hypothesized that cracking
would follow weaker boundaries of existing lamellar alignment, but findings reveal that cracks were tracking the periosteal surface inward, as well as
radiating outward from cutting cones. Darkening of bone tissue from white to brown was found, along with blue and green staining on the surface of
samples. The location of the cages was linked to the appearance of periosteal abrasion and encrustation, and distinctive damage to the periosteal surface
was observed. Saw marks and bone lipping in submerged samples were also obscured or obliterated over time. This loss of pre-deployment artifacts
suggests that intentional human-induced disarticulation of bones might be obscured over time. None of the control samples maintained in the laboratory
exhibited any of the changes observed in experimentally submerged samples. The results of this experimental study on lake-submerged bone
documented taphonomic changes that take place when submerged in freshwater lakes within the Pacific Coastal Western Hemlock Zone.

Taphonomy, Forensic Anthropology, Freshwater Decomposition
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A79  Modeling the Fluvial Transport of Human Remains in the Sacramento River of California

Colleen F. Milligan, PhD*, California State University, Chico, Chico, CA 95929-0400; Eric J. Bartelink, PhD, California State University, Chico,
Chico, CA 95929-0400

Learning Overview: After attending this presentation, attendees will better understand the relationship between water discharge rates and the transport
of human remains in riverine systems. The primary goal of this presentation is to discuss the development of a predictive fluvial transport model to aid
in the search and recovery of human remains in the Sacramento River of California.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by discussing the use of fluvial transport
rates of rescue manikins to predict search parameters for human bodies from riverine systems. This presentation will discuss the variables that contribute
to differences in transport rates, such as postmortem interval, flow rates, river dimensions and curvature, riverbed substrate, and the prevalence of snags
or obstacles.

The fluvial transport of human remains is a topic of interest in paleoanthropology, bioarchaeology, and forensic anthropology. In the context of
taphonomy, fluvial transport focuses on the potential of a riverine system or body of water to physically move human remains from one location to
another. Missing person’s cases involving riverine systems pose major challenges to law enforcement given that human remains may be moved a long
distance from their initial point of entry, especially under high flow rate conditions. However, very little actualistic research has been conducted to
model the movement of human bodies in riverine systems, such as the Sacramento River.

The Sacramento River is California’s largest fluvial system. Flow rates are regulated by Shasta Dam at the river’s source and are influenced by the
numerous tributaries that feed into the river, as well as by the physical characteristics of the river. The highest flow rates occur during winter storm
events and the lowest during the late fall, after irrigation season has ended. Each year, the river claims more than two dozen victims, most commonly
due to accidental drowning. A much smaller number of bodies recovered from the river represent suicides, homicides, or have an undetermined manner
of death.

Although the Sacramento River spans eight counties, the project area includes the five counties from the southern half of the Sacramento River. This
research adapts an existing hydraulic model (Hydrologic Engineering Center’s River Analysis System (HEC-RAS)) to generate a predictive model of
fluvial transport rates of victims who entered the river with known dates and locations under low, medium, and high flow rate conditions. The HEC-
RAS was originally designed for flood control management, but also has capabilities to simulate advective and dispersive transport of water quality
constituents. The HEC-RAS maodel treats a human body as a “pollutant” and can be used to predict distance from the source given a number of
parameters, such as flow rate conditions and river channel properties. The model is calibrated using two sources of information: historical case data on
river victims collected from sheriff-coroner’s offices and data generated from rescue manikins placed in the river under different flow rate conditions.

Historical data was collected on 150 river victim cases from three counties in the project area (spanning 1972-2012), 62 (41.3%) of which had known
postmortem interval and transport distance data. This initial stage of data collection demonstrated that most victims are male, and most deaths are
accidental. A moderate relationship between postmortem interval and transport distance was found, but postmortem interval only explained a small
part of the variation in transport distance. To supplement the historical data, this study used two types of rescue manikins to simulate the body positions
in water of “floaters” and “sinkers.” Controlled releases of the floating manikins were conducted under low, moderate, and high flow rate conditions
from six locations along the Sacramento River. The results of these simulations have shown that the river curvature and flow rate play a large role in
the route of travel a body takes, with repeated tests in the same locations showing similarity in the path the body travels. The project has also used
sinker manikins to study the transport of human remains along the riverbed. Data collected at four locations, including a concrete test flume, has shown
that there is a significant relationship between type of riverbed substrate and the flow rate (measured in feet/second) and transport distances of human
remains.

This research was funded by a National Institute of Justice (N1J) grant.

Forensic Anthropology, Taphonomy, Fluvial Transport
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A80 Introducing Forensic Investigation Research Station (FIRS-TB40): Scavenger Succession and Progression
at a High-Altitude Site in Colorado

Christiane Baigent, MSc*, Forensic Investigation Research Station, Grand Junction, CO 81501; Melissa A. Connor, PhD, Colorado Mesa University,
Grand Junction, CO 81501-3122; Gretchen R. Dabbs, PhD, Southern Illinois University, Carbondale, IL 62901

Learning Overview: After attending this presentation, attendees will better understand how scavenger guild interaction affects decomposition at high
altitude.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by introducing a new human
decomposition research site, and the taphonomy of a high-altitude ecoregion, the variables of which are not well understood in a forensic context.

Studies of decomposition at high-altitude are limited and report distinct changes in decomposition with increases in altitude.>? Colorado’s Rocky
Mountain region bisects the state from north to south and is classified as a fully humid, snowy climate interdigitated by polar regions that reach
elevations greater than 14,000 feet Above Mean Sea Level (AMSL). High altitude is correlated with an increased incidence in suicide, sudden-onset
high mortality edemas, and a suite of physiological changes associated with the composition of partial pressure of atmospheric gasses. Additionally,
remote expanses of wilderness provide ideal locations for clandestine body disposal. These variables yield a high incidence of remote, complex, outdoor
human decomposition scenes characterized by prolonged exposure, advanced decomposition, and animal scavenging.

With the support of the Park County Coroner and Commissioners, the Forensic Investigation Research Station at Colorado Mesa University acquired
40-acres of land in the Rocky Mountain Region of Colorado (FIRS-TB40). FIRS-TB40 is 9,500 feet AMSL in the South Park region of the central
Rockies. The site is bisected north to south by a steep, rocky, moraine-like ridge covered in short prairie grass and stunted juniper.

Four pigs were placed in the summer of 2018 in anticipation of placing a human cohort in 2019. Of primary interest was the succession and progression
of local scavenger guilds. Four carrions (two exposed/two caged) were placed in a longitudinal transect across a 45° slope, each 30 meters apart. Each
sample was monitored by a game camera programmed to collect both time lapse photographs and respond to motion in the environment. Carrion were
visited three times weekly for a period of eight weeks, photographed, and decomposition documented using the total body score model.> When
scavenging occurred, a site search was performed in ordered, longitudinal transects to locate scattered skeletal material.

Arthropod and avian communities constituted the first wave of scavenger succession; activity in both communities began almost immediately after
deposition. Avian activity was limited to non-caged carrion, despite aerial access to the cages, while arthropods were active at all carrion sites. Turkey
vultures (Cathartes aura) were the dominant species early in succession, followed by ravens (Corvus corax). High inter-species tolerance was
demonstrated by co-scavenging, but vultures dominated in population size and tissue exploitation in the initial phase. Scavenging began in rectal tissue
and progressed to the retro-otic region, the length of the thorax, and the limbs, in both uncaged carrion. Evidence for avian scavenging included distinct
claw marks in superficial perianal tissue and along the length of the thorax, bore holes in the cranial region, shallow, linear beak striae in superficial
tissue, and ribboning of connective tissue. Insects preferentially oviposited at the ground/body interface. Two pigs rolled down the slope following
bloat. Reorientation of the carrion exposed previously sheltered larvae to the environment, delaying or arresting the development of maggot masses.

Coyotes (Canis latrans) arrived seven days postmortem and constituted the second wave of scavengers. While capable of removing greater amounts
of tissue in a single visit, reduction was largely limited to circumscribed areas and progressed across 21 days. Scavenging commenced at the hind limbs,
followed by the head, the front limbs, and the thorax. Coyotes moved scavenged carrion across and downslope—behavior anticipated based on extant
knowledge of slope gravity and the law of least energy expenditure. However, osseous evidence indicated canids carried the carrion up the steep slope
to the hill crest to consume, behavior that runs counter to widely published patterns. American black bears (Ursus americanus) arrived 21 days
postmortem and constituted the final wave of the succession. Bears were anticipated to act as apex scavengers. However, while observed in direct
proximity to all carrion, they did not choose to scavenge.

Scavenger behavior is dictated by reflexive patterns or cooperation and competition that are regionally distinct and have the potential to impact human
remains recovery. This study demonstrates the necessity of considering scavenger behavior in concert to effectively understand behavior that diverges
from the norm and regional patterns of taphonomic change.

Reference(s):

L Baigent C., Gaither C., Campbell C. The Effect of Altitude on Decomposition: A Validation Study of the Megyesi Method. Proceedings of the
American Academy of Forensic Sciences, 66" Annual Scientific Meeting, Seattle, WA. 2014. 20:485-6.

2 Allaire M.T. 2002. Postmortem Interval (PMI) Determination at Three Biogeoclimatic Zones in Southwest Colorado. Unpublished Master’s
Thesis, Louisiana State University and Agricultural and Mechanical College.

3 Megyesi M., Nawrocki S.P., Haskell N.H. Using Accumulated Degree-Days to Estimate the Postmortem Interval From Decomposed Human
Remains. J Forensic Sci. 2005 May;5(3):618- 626.
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A81  WITHDRAWN
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A82  Virtual Forensic Anthropology: The Accuracy of Osteometry on 3D Virtual Models of the Os Coxa Derived
From Clinical Computer Tomography (CT) Scans

Kerri L. Colman, MSc, Amsterdam Medical Centre, Amsterdam, North Holland 1077 ZH, NETHERLANDS; Hans H. De Boer, MD, PhD*, Amsterdam
University Medical Center - AMC, Amsterdam, Zuid-Holland 1105 AZ, NETHERLANDS; Johannes G.G. Dobbe, PhD, Academic Medical Center,
Amsterdam 1100 AZ, NETHERLANDS; Niels Liberton, VUmc, Amsterdam, Noord- Holland 1081HV, NETHERLANDS; Kyra E. Stull, PhD, University
of Nevada, Reno, Reno, NV 89557; Maureen van Eijnatten, PhD, Amsterdam UMC, Amsterdam, Noord-Holland 1081 HZ, NETHERLANDS; Johannes
G. Streekstra, PhD, Academic Medical Center, Amsterdam 1100 AZ, NETHERLANDS; Roelof-Jan G. Oostra, PhD, Academic Medical Center,
Amsterdam 1100 AZ, NETHERLANDS; Rick R. Van Rijn, PhD, Amsterdam UMC, Amsterdam 3544MT, NETHERLANDS; Lida A.E. Van der
Merwe, PhD, Academic Medical Center, Amsterdam 1100 AZ, NETHERLANDS

Learning Overview: This study seeks to address two important issues in “virtual” forensic anthropology: (1) the currently insufficient knowledge
regarding the accuracy of 3D virtual reconstructions from clinical CT scans; and (2) the effect of 3D reconstructions on landmark recognition, which
is pivotal for reliable measurements.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing insight into the accuracy
of virtual models derived from clinical CT scans and how this might impact “virtual” forensic anthropology.

Background: Clinical radiological data (i.e., CT scans) are a promising source for contemporary population-specific data to test or develop forensic
anthropological methods. However, the feasibility of this approach is unclear since: (1) the accuracy of 3D virtual reconstructions from clinical CT
scans is insufficiently known; and (2) the effect of 3D reconstructions on landmark recognition (pivotal for reliable measurements) is largely unknown.
This study seeks to address both these issues.

Materials and Methods: Twenty-seven (13 males, 14 females) fully intact cadavers from the body donation program of the Amsterdam UMC,
University of Amsterdam, Department of Medical Biology, section Clinical Anatomy and Embryology were CT scanned using a patient scanning
protocol (referred to as the “Fleshed CT”). Subsequently, the bodies were processed to obtain the dry os coxae and CT scanned again using the same
scanning protocol (referred to as “Dry CT”). Both scan sets were used to render 3D virtual skeletal elements (“Fleshed CT virtual models™” and “Dry
CT virtual models™). Then, an Artec Spider 3D optical scanner was used to produce 3D models of a subset of ten dry os coxae from the sample. Given
its minimal error (accuracy <0.05mm) and high resolution (~0.1mm) the optical scanner was used as the “gold standard.”

The accuracy of the Fleshed and Dry CT models was calculated by assessing the deviation (in mm) to the gold standard. This was done for the overall
0s coxae (left and right combined) and for Regions Of Interest (ROI) representing selected Landmarks (LMs). To compare the error associated with
landmark recognition, the intra- and inter-observer error (Technical Error of Measurement (TEM) and %TEM) of nine traditional Inter-Landmark
Distances (ILD) was measured on all dry os coxae and the 3D virtual models (Fleshed CT and Dry CT).

Results: Fleshed CT virtual models were found to be 0.64mm-0.88mm larger than the gold standard (deviations ranging from -4.99mm to 5.00mm).
Dry CT virtual models were 0.36mm-0.45mm larger than the gold standard (deviations ranging from -0.27mm to 2.86mm). The accuracies at the
various ROIs were variable and larger for Fleshed CT virtual models than for Dry CT virtual models.

For all three sets of virtual models, intra- and inter-observer error was in the generally acceptable range (TEM<2mm, % TEM <2%) for all ILDs, except
for three ILDs all of which included the landmark located on the most inferior point on the ischial tuberosity.

Discussion and Conclusions: These results demonstrate that virtual models developed from clinical (i.e., “fleshed”) CT scans are larger than the
scanned skeletal element. The same holds for virtual models developed from “dry bone” CT scans, although the difference is less pronounced. In both
groups, this overestimation in size is on average <1mm for the overall os coxae; however, this difference in size between the modalities (Fleshed CT
versus the gold standard and Dry CT versus the gold standard) has practical implications when constructing ILDs from the ROls associated with the
various LMs. Corresponding ILDs taken from ROIs with large (>1mm) variability on different modalities may result in ILDs greater than the generally
accepted 2mm error in forensic anthropology. The majority of morphological LMs were consistently identified, and the use of 3D models thus
apparently doesn’t affect the recognition of osteometric landmarks substantially.

Based on these results, it is argued that clinical CT data should only be used as a source for forensic anthropological reference data when the (sometimes
considerable) shape and size differences between the virtual models and the dry skeletal elements are considered. Furthermore, osteometric methods
for the estimation of sex, age, stature, and ancestry derived from dry skeletal elements cannot be readily applied to 3D reconstructions from clinical
CT scans (and vice versa).

Virtual Forensic Anthropology, Metric Sex Estimation, Accuracy
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A83  Virtual Anthropology: The Interchangeability of Morphological Sex Estimation Methods on 3D Models of
the Pelvis and Their Dry Skeletal Counterpart

Kerri L. Colman, MSc, Amsterdam Medical Centre, Amsterdam, North Holland 1077 ZH, NETHERLANDS; Lida A.E. Van der Merwe, PhD, Academic
Medical Center, Amsterdam 1100 AZ, NETHERLANDS; Kyra E. Stull, PhD, University of Nevada, Reno, Reno, NV 89557; Aubrey Van Het Reve, BSc,
AMC, Amsterdam, Noord-Holland 1100 AZ, NETHERLANDS; Hannah E.M. Crijns, BSc, AMC, Amsterdam, North-Holland 1100 AZ,
NETHERLANDS; Johannes G.G. Dobbe, PhD, Academic Medical Center, Amsterdam 1100 AZ, NETHERLANDS; Johannes G. Streekstra, PhD,
Academic Medical Center, Amsterdam 1100 AZ, NETHERLANDS; Rick R. Van Rijn, PhD, Amsterdam UMC, Amsterdam 3544MT, NETHERLANDS;
Roelof-Jan G. Qostra, PhD, Academic Medical Center, Amsterdam 1100 AZ, NETHERLANDS; Hans H. De Boer, MD, PhD*, Amsterdam University
Medical Center - AMC, Amsterdam, Zuid-Holland 1105 AZ, NETHERLANDS

Learning Overview: The goal of this presentation is to inform attendees as to whether commonly used pelvic morphological methods (e.g., those
incorporated in the Klales and the 1980 Workshop of European Anthropologists (WEA) morphological sex estimation methods) can be accurately
scored on reconstructed virtual 3D pelvic bone elements.%?

Impact on the Forensic Science Community: This presentation will impact the forensic science community by informing attendees on the
interchangeability of morphological sex estimation methods from virtual bone models to dry skeletal elements. This is a pivotal prerequisite for the use
of Computed Tomography (CT) scans as a reference for forensic anthropological case work.

Background: For forensic anthropological sex estimation methods to be admissible in the court of law, they need to agree with the Daubert standards,
and thus derived from or tested on large and representative skeletal populations. However, most European countries lack representative collections and
are thus unable to develop or test sex estimation methods. The large amount of clinical CT data in hospitals could serve as a basis for a 3D virtual
skeletal database and thus provide a solution, but it is uncertain if the often-subtle features associated with morphological sex estimation can be scored
accurately from virtual 3D skeletal elements.

The current study aims to determine whether commonly used pelvic morphological methods (e.g., those incorporated in the Klales and WEA
morphological sex estimation methods) that utilize ordinal scales can be accurately scored on reconstructed virtual 3D pelvic bone elements.:2

Materials and Methods: Twenty-seven (13 males, 14 females) randomly selected and fully intact cadavers from the body donation program of the
Amsterdam UMC, University of Amsterdam, Department of Medical Biology, section Clinical Anatomy and Embryology were CT scanned using a
standard patient scanning protocol. The scan data were used to produce 3D virtual pelvic elements, and the os coxae were segmented with an in-house
research software. Following CT scanning, the bodies were processed to obtain the corresponding dry skeletal elements.

Three Phenice traits expanded to an ordinal scale by Klales and five selected WEA traits were scored on both the virtual bone models and the dry bone
counterparts.>? Intra- and inter-observer agreement, and the agreement between the virtual bone models and their dry skeletal counterpart, was
calculated using Cohen’s weighted Kappa (K).

Results: For all Klales traits investigated, Kappa values showed substantial to almost perfect agreement for intra- and inter-observer agreement,
respectively, on both the virtual bone models (K=0.78-0.84 and 0.62-0.72) and the dry bones (K=0.78-0.89 and 0.61-0.77), when scored in isolation.
When comparing corresponding virtual- to dry bone pelvic elements, all three traits show substantial to almost perfect agreement (K=0.74-0.82).

Only two of the five WEA traits (pre-auricular sulcus and pubic angle) showed substantial to almost perfect agreement for intra- and inter-observer
agreement, respectively, on both the virtual bone models (K=0.71-0.80 and 0.65-0.82) and the dry bones (K=0.80-0.93 and 0.76-0.88), when scored in
isolation.? The remaining three traits showed poorer results for inter-observer agreement, with the Greater sciatic notch and the Arc compose resulting
in fair to moderate agreement (K=0.51 and K=0.54, respectively), while the Ischial body showed less than chance to fair agreement (K=0.054-0.33).

When comparing corresponding virtual to dry bone pelvic elements, only the Greater sciatic notch, sub-pubic angle, and Arc compose show substantial
to almost perfect agreement (K=0.68-0.85).

Discussion and Conclusion: These results suggest that the Klales morphological sex estimation technique can be used interchangeably between virtual
bone models and dry skeletal elements.! However, the same cannot be said for the five selected WEA pelvic traits addressed in this study.? Despite the
scores for the Greater sciatic notch, sub-pubic angle, and Arc compose accurately corresponding on both the virtual bone models and the dry skeletal
elements, due to the lack of inter-observer agreement, only the sub-pubic angle can be used interchangeably. This study shows the importance of testing
the differences between the virtual bone models and the dry skeletal elements before methods are applied interchangeably.

Reference(s):

L Kilales, A.R., Ousley, S.D., and Vollner, J.M. (2012). A Revised Method of Sexing the Human Innominate Using Phenice’s Nonmetric Traits and
Statistical Methods. American Journal of Physical Anthropology. 149, 104-114.

2 Workshop of European Anthropologists. 1980. Recommendation for Age And Sex Diagnosis Of Skeletons. Journal of Human Evolution. 9:
517-549.
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A84  Perceptions and Cognitive Bias in Decomposition Scoring Methods in Forensic Anthropology

Kelly Sauerwein, PhD*, University of Tennessee, Knoxville, TN 37996; Xiaojuan Zhu, University of Tennessee, Knoxville, Knoxville, TN 37996;
Dawnie W. Steadman, PhD, University of Tennessee, Knoxville, TN 37996

Learning Overview: After attending this presentation, attendees will better understand how cognitive biases may impact the interpretation of human
remains and the decision-making process involved when using the Total Body Score (TBS) method.!

Impact on the Forensic Science Community: This presentation will impact the forensic science community by illustrating the gaps in our
understanding of bias in an oft-utilized method that is underrepresented in previous studies of bias in forensic anthropology.

Since Daubert and the 2009 National Academy of Sciences (NAS) Report, there has been increasing recognition within the forensic science community
that human examiners are prone to biases that may affect the accuracy and precision of conclusions.? The analysis of decomposition to estimate the
Postmortem Interval (PMI) is one of the important functions of forensic anthropologists; yet, analytical methods that rely on the judgment of human
observers, such as assessing PMI from decomposition, may be vulnerable to cognitive bias, leading to inaccurate results. To date, there is a lack of
research examining the effects of cognitive bias on decomposition scoring methods and on what specific cognitive factors are most predictive of the
decision-making process. Therefore, the goal of this project is to understand how bias might impact TBS values and the role played by cognitive factors,
such as the examiners’ mood and motivations, on the analysis of decomposition characteristics in the field.

Two experimental trials were conducted whereby the TBSs of four experts with extensive knowledge and experience with the human decomposition
process were compared with those of 50 inexperienced undergraduate observers. Each group scored ten donated individuals daily between October
2016 and April 2017 at the University of Tennessee, Knoxville’s Anthropology Research Facility. Observers also completed two psychological
measures designed to assess their motivations (Intrinsic Motivation Inventory) and mood (Positive and Negative Affect Schedule) after each scoring
session.®* Hierarchical random intercept multiple regression models were conducted to assess the relationship between experts’ and observers” TBS
values as well as the cognitive measures and observers’ TBS scores. These models revealed significant differences in TBS values between observers
and experts in both trials (p<0.05 in both trials). However, the directionality of the difference depended on the unique contextual information present
in each trial. These hierarchical models were also utilized to assess which cognitive factors, if any, might be predictive of observers’ TBS values.
Overall, observers’ scores were predicted by different factors in each trial. In Trial 1, how nervous observers felt while scoring (p<0.0001), how much
they enjoyed scoring (p<0.05), and negative mood (p<0.05) were all predictive of TBS. However, in Trial 2, only observers’ perceived scoring ability
(i.e., competence; p<0.001) was a significant predictor, due to observers’ previous experiences in Trial 1.

Overall, results indicated that bias does exist within the TBS method, with scores depending on the specific contextual information available at the
scene as well as the experience and motivations of the observer. This study builds upon previous research examining bias within biological profile
methods in forensic anthropology, and it has the potential to impact standard protocols when utilizing the TBS method during longitudinal
decomposition research conducted at outdoor decomposition facilities.

Reference(s):

L Megyesi M.S., Haskell N.H., Nawrocki S.P. Using Accumulated Degree Days to Estimate the Postmortem Interval From Decomposed Human
Remains. J Forensic Sci. 2005;50(3):1-9.

2 National Academy of Science. Strengthening Forensic Science in the United States: A Path Forward. Washington DC: National Academies Press
2009.

3 Ryan R.M., Mims V., Koestner R. Relation of Reward Contingency and Interpersonal Context to Intrinsic Motivation: A Review and Test Using
Cognitive Evaluation Theory. J Pers Soc Psychol. 1983;45:736-750.

4 Watson D., Clark L.A., Tellegen A. Development and Validation of Brief Measures of Positive and Negative Affect: The PANAS Scales. J Pers
Soc Psychol. 1988;54:1063-1070.
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A85  Evaluation and Minimization of Contextual Bias in Forensic Anthropological Casework in the Context of a
Medical Examiner’s Office

Julie M. Fleischman, PhD*, Harris County Institute of Forensic Sciences, Houston, TX 77054; Michal L. Pierce, MS, Harris County Institute of
Forensic Sciences, Houston, TX 77054; Christian Crowder, PhD, Southwestern Institute of Forensic Sciences, Dallas, TX 75207

Learning Overview: After attending this presentation, attendees will better understand the sources of bias that affect forensic anthropological casework
in the context of a medical examiner’s office and how to reduce the introduction of biasing data.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing recommendations for
mitigating potential issues of bias in forensic anthropology. This research illustrates the significance of evaluating sources of contextual bias and
acknowledging the changes that can be implemented to promote less biased analyses.

In recent years, forensic scientists have given more attention to the presence of bias during scientific examination. Cognitive bias refers to modifications
of judgment resulting from the presence of internal expectations and external information. Because it influences decision-making and interpretations,
cognitive bias—particularly confirmation bias—must be critically evaluated and minimized, when feasible. Several studies have been published
demonstrating the evaluated effects of contextual information on forensic anthropological interpretations of the skeletal biological profile and have
found that extraneous information can result in biased conclusions. However, none of the available studies originated from a medical examiner’s
context. Although these studies identified sources of cognitive bias, they may not capture the nuances of anthropological activities in the medical
examiner setting. This research fills this knowledge gap.

The purpose of this project was to identify where and how cognitive bias impacts forensic anthropological analyses conducted at the Harris County
Institute of Forensic Sciences (HCIFS). To achieve this goal, the flow of information from the death scene to the laboratory, and within the laboratory,
was examined over the course of one year. Subsequent to extended observations and shadowing of HCIFS forensic anthropologists, pathologists, and
investigators, the following sources of bias were identified: (1) attending death scenes to locate or recover human remains—law enforcement and
investigators often propose theories about the decedent, and contextual information and items, such as clothing and ligatures, are clearly visible;
(2) attending case presentation meetings—scene and presumptive identification information are presented at the morning meeting in which daily cases
are discussed prior to autopsy; (3) discussions during anthropological consults—discussion with the pathologist during autopsy often reveals contextual
information about the case. Sharp force trauma cases, in particular, are of interest because the pathologist frequently notes the precise type of blade that
was presumed to have been used (i.e., serrated or non-serrated); (4) radiographic comparisons—anthropologists typically view antemortem and
postmortem images simultaneously for the purpose of radiographic identification; (5) language used while discussing unidentified decedents—general
use of personal pronouns for an unknown decedent, prior to the anthropologist assessing the remains to estimate sex, has been observed; (6) peer
review—the peer review process, particularly for radiographic identifications, does not include blind verification; and (7) information management
systems—knowledge of a decedent’s tentative identification and case information is accessible by staff via the agency’s electronic information
management system.

Cognitive bias and the presence of extraneous contextual information cannot be eliminated in a medical examiner’s office, particularly one in which
various forensic scientists work side-by-side. However, one goal of this project was to provide recommendations for mitigating the introduction of bias
into anthropological casework. The following recommendations draw on various suggestions and methods provided by prior researchers, but with an
emphasis on medical examiner-specific context: (1) the anthropologist who attended the scene does not conduct the skeletal analysis; (2) the
anthropologist responsible for the day’s cases does not attend the morning meeting; (3) evaluate antemortem and postmortem radiographs for
identification independently, prior to comparison; (4) avoid using personal pronouns for unidentified decedents; (5) the peer reviewer should
independently assess specimens and data and form general conclusions prior to reading the analyst’s report; (6) anthropologists should avoid accessing
contextual case information prior to the examination of the remains; and (7) record in bench notes what contextual information was relayed prior to
beginning examination.

Although cognitive bias is inherent in human decision-making, evaluating and mitigating it in forensic anthropological casework is necessary to provide
objective scientific conclusions. This research assessed sources of cognitive bias in the context of a medical examiner’s office and provides
recommendations for forensic anthropologists to reduce bias. While not all forensic anthropologists work in a medical examiner setting, these
recommendations are useful tools for all practitioners.

Bias, Medical Examiner’s Office, Contextual Information
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A86  Forensic Anthropology Down Under: Reflections on the Development and Practice of Forensic
Anthropology in Australia

Soren Blau, PhD, Melbourne, Victoria 3146, AUSTRALIA; Samantha K. Rowbotham, MArSc*, Victorian Institute of Forensic Medicine, Southbank,
Victoria 3006, AUSTRALIA

Learning Overview: After attending this presentation, attendees will understand the context in which forensic anthropology is practiced in Australia.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing an improved understanding
of the political and geographical context in which forensic anthropology is practiced and researched in Australia, and how such practice and research
fits into the global development and advancement of the discipline.

This presentation provides an overview of the development and current practice of forensic anthropology in Australia. Similar to the development of
forensic anthropology in many countries, the growth of forensic anthropology in Australia over the past century is closely linked to the history of
anatomy and physical anthropology. Although relatively slow to develop, forensic anthropology is now a well-established discipline and is seen as
complimentary, rather than supplementary, to forensic medical investigations.

There are currently six professionally endorsed forensic anthropologists covering the six states of Australia. These anthropologists form the Forensic
Anthropology Scientific Working Group (FA SWG), which is the professional body of forensic anthropology practitioners in Australia as endorsed by
National Institute of Forensic Science. Under the FA SWG, national guidelines for forensic anthropology practice have been established. The various
contexts in which Australian forensic anthropologists contribute to medicolegal cases are diverse and involve collaboration with other forensic medical
specialists and law enforcement personnel. Such contexts include: locating and recovering human remains; examining domestic cases of skeletonized
remains; consulting with pathologists on complex cases of skeletal trauma; contributing to the development of a national missing persons database;
working with Indigenous communities for repatriation and reconciliation; working with the Australian Army to recover and identify Australian war
dead; recovering and identifying human remains in national and international Disaster Victim Identification situations, and undertaking deployments
for international humanitarian organizations, especially for the neighboring Asia-Pacific region, but also the larger global context.

Although Australia has a professionally recognized body of forensic anthropologists, there is no formal accreditation process currently available to
Australian anthropologists that is like accreditation processes in North and South America and Europe. The issue of accreditation is currently being
reviewed to ensure Australian forensic anthropologists are on par with their international colleagues.

Research in forensic anthropology has significantly expanded over the past 20 years with the development of new resources that allow anthropologists
to address relevant questions both in the Australian and international contexts, as well as in associated forensic medical disciplines (e.g., odontology
and entomology). These resources comprise clinical radiograph and computed tomography collections within the country’s major hospitals; the
postmortem computed tomography collection (Victorian Institute of Forensic Medicine); the Australian Facility for Taphonomic and Experimental
Research (University of Technology Sydney), and the School of Biomedical Sciences Skeletal Collection (University of Queensland). These resources
have enabled substantial advancement in the development of population-specific standards for the modern Australian population, have strengthened
current understandings of trauma analysis and interpretation, and have also facilitated additional work on estimations of the postmortem interval.

The development of these resources for research has also contributed to a substantial increase in undergraduate and post-graduate student enrollments
across all Australian states and territories, with universities increasingly offering forensic anthropology as a specialization within formal anthropology
and biological science studies. This increase in students has also recently seen the development of the first master’s degree specifically in forensic
anthropology (University Of Western Australia) in Australia.

The influence of geography, and therefore the political context, in which forensic anthropologists work in Australia reflects the nature of the
anthropologists’ involvement in medicolegal cases. This involvement, and subsequent development of the discipline, shows both similarities and
differences to how forensic anthropology is practiced across the globe.

Forensic Anthropology, Australia, Context
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A87  Forensic Anthropology: A View of Brazil

Yara V. Lemos, MS*, Laboratory of Forensic Anthropology, Belo Horizonte, Minas Gerais 30510160, BRAZIL

Learning Overview: After attending this presentation, attendees will be familiar with the work, resources, training, educational requirements, research
advances, and legal grounds of forensic anthropology in Brazil and, more deeply, in the state of Minas Gerais.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the work of forensic
anthropologists outside the United States, especially by emphasizing the performance of Brazilian professionals and how they balance demands and
resources. This presentation will also help create a channel for professionals to discuss and debate the successes, challenges, and possible solutions for
maintaining the high standards of the field worldwide.

Brazil is one of the most violent countries in the world. The challenges Brazilian forensic scientists and, specially, forensic anthropologists struggle
with are substantial. It is reasonable that the forensic community shall look at those who dare to face this reality daily, with diligence, dedication, and
devotion.

The Brazilian Penal Process Code limits forensic investigation of crimes to official experts. Of those, primarily official medicolegal experts and dental
experts work in the forensic anthropology services. Although there are other fields of knowledge and graduations that could apply to the service, such
as biology, physical anthropology, and archaeology, those are more active as academic researchers, museums curators, and university professors.

Regardless of their degree, there is mandatory training for forensic science in Brazil, which varies from state to state. Further dissimilarities, comprising
financial and material resources, income, and workplace, can be seen between the states. Situated in the capital, as a branch of the Legal Medical
Institute, the Forensic Anthropology Laboratory of Minas Gerais (LAF) was founded in the 1980s. It comprises a multidisciplinary team of eleven
experts, composed of eight medicolegal experts and three dentistry experts. The LAF’s greatest challenge is to deal with casuistic and complex murder
cases, such as microwave-processed bodies and aircraft accidents. The work is always interdisciplinary, and complementary resources such as
anatomopathological exams, digital radiographic exams, computerized tomography, DNA tests, and toxicological screen are available.

The peculiarities of medicolegal examinations of human remains in advanced states of putrefaction, notedly skeletonized corpses and charred bodies,
shifted a growing scientific evolution, and LAF sought help from literature and scientific journals to keep the procedures up to date. Scientific
productions and developments in Brazil take place primarily at universities, where the research funds and incentives are concentrated. There are post-
graduation programs in forensic science, in addition to forensic anthropology and archeology centers, which have taken place in this century.

There are seven identified osteological collections in the country, mainly housed in universities, pointing to advances in the field of forensic
anthropology and other associated forensic science disciplines.* These modern, documented skeletal reference collections provide access to osteological
laboratory research for forensic scientists to conduct innovative interdisciplinary research. Recently, the creation of the Brazilian Association of
Forensic Anthropology (ABRAF) propitiated interactions between the existing experts in the nation and abroad in annual scientific meetings.2

Brazil has vast research and outreach potential for the medicolegal and forensic science communities. It is important that researchers are aware of the
available resources that can assist the evolution of the biological profile, taphonomy, and human identification in the forensic context.

Reference(s):

L Cunha, Eugénia et al. 2018. The Brazilian Identified Human Osteological Collections. Forensic Science International. 289: 449.e1-449.e6
https://doi.org/10.1016/j.forsciint.2018.05.040.

2 ABRAF, Brazilian Association of Forensic Anthropology. Accessed July 25, 2018. http://antropologiaforense.org.br.
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A88  Forensic Anthropology and the Philippines

Matthew C. Go, MA*, Department of Defense POW/MIA Accounting Agency, C, Joint Base Pearl Harbor-Hickam, HI 96853

Learning Overview: The goal of this presentation is to qualitatively appraise the state of forensic anthropology in the Philippines in terms of its
academic, legal, and practical capacity.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the unique challenges
and possible solutions faced when working in developing countries with limited local forensic capacity yet high endemic caseloads.

Forensic anthropology, despite its relatively recent maturation as a discipline and obscurity among the lay public, has grown to serve a global need
within the medicolegal sphere. However, the availabilities of qualified experts, opportunities for education, research, and training, and material
necessities such as facilities, equipment, and funding are not equitably distributed across the world. Moreover, countries that often encounter the
heaviest forensic anthropological caseloads also have the least amount of operational resources. This presentation is part of an invited symposium
entitled “International Forensic Anthropology,” which features the different manners in which forensic anthropology is developed and practiced around
the world. Here, the development and application of forensic anthropology in the Philippines in both the academic and applied domains is reviewed.

The Philippine context, as well as the Asia-Pacific region more generally, provides a prime case for the need for forensic anthropology. In the past
decade, the Asia-Pacific region experienced 40% of the world’s natural disasters and 80% of the world’s disaster-affected populations.! The Philippines,
ranking third for most disaster-prone country, regularly falls victim to typhoons, earthquakes, landslides, and floods, in addition to man-made disasters,
such as transportation, industrial, and fire accidents.? The country has also experienced and continues to struggle with episodes of armed conflict,
terrorism, and human rights abuses. These factors, coupled with a large endemic population size, widespread diaspora, high poverty rate, and tropical
environment, result in a substantial volume of forensic caseloads that could benefit from anthropological input.®

Within the academe, there are currently no programs that are well equipped to train biological, let alone forensic, anthropologists. This has been in
large part due to a lack of specialized faculty and, until recently, adequate reference material. The past three decades have seen less than ten papers on
Philippine forensic anthropology published, with most of these only resulting from the recent amassment of a modern Filipino skeletal reference
collection.* Undergraduate programs in forensic science are rapidly gaining popularity, with forensic anthropology remaining as an undermanned
elective.

Within legislative bodies, several proposed bills have implications for both the academic and practical progress of forensic anthropology. Many of
these bills move to improve death investigation guidelines in the Philippines and establish a national institute for the forensic sciences. However, these
proposals have seen little progress through the legislative process, while implementation, once passed, sees its own set of challenges. Moreover, no
regulatory body provides quality assurances in the investigation process nor in the qualifications of individual analysts.

Within applied settings, licensed physicians sworn in as police officers manage the ambit of medicolegal investigations. For daily casework, there are
no anthropologists employed full-time or as consultants in any of the responsible governmental bodies, namely the Philippine National Police, National
Bureau of Investigation, Commission on Human Rights, or the public attorney’s office. International humanitarian assistance and anthropological
training have been offered for high-profile mass casualty contexts such as Typhoon Haiyan, the Marawi Conflict, and cases of the disappeared from
the Marcos regime, but sustainable approaches to integrating anthropology have been lacking. Cases of state-sanctioned violence also present major
conflicts of interest when almost all death investigations are overseen by police officers.

While the Philippines stands to gain much from developed academic programs that produce both able anthropologists and well-researched population
standards and best practices, the country must also provide the appropriate medicolegal framework in which anthropologists may operate. This work
takes stock of the scale, infrastructure, and political will of the Philippine context in that it may provide Philippine forensic anthropology its due
appraisal.®

Reference(s):

L United Nations Economic and Social Commission for Asia and the Pacific. Overview of Natural Disasters and Their Impacts in Asia and the
Pacific, 1970-2014. Bangkok, Thailand: United Nations, 2015.

2 Garschagen M., Hagenlocher M., Comes M., Dubbert M., Sabelfeld R., Lee Y.J., et al. World Risk Report 2016. Berlin, Germany: Blndnis
Entwicklung Hilft and UNU-EHS, 2016.

3 Go M.C. Appraising Forensic Anthropology in the Philippines: Current Status and Future Directions. Forensic Sci Int. 2018;288:329.e1-9.

4 Go M.C., Lee AB., Santos J.A.D., Vesagas N.M.C., Crozier R. A Newly Assembled Human Skeletal Reference Collection of Modern and
Identified Filipinos. Forensic Sci Int. 2018;271:128.e1-5.

5 Blau S. Missing Persons Investigations and Identifications: Issues of Scale, Infrastructure, and Political Will. In: Morewitz S.J., Sturdy Colls C,.
editors, Handbook of Missing Persons. Cham, Switzerland: Springer, 2016;191-206.
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A89  An Anthropology Roadmap: Sri Lanka

Sunil P.A. Hewage*, Colombo 10, Western Province, SRI LANKA

Learning Overview: After attending this presentation, attendees will better understand the current status of forensic anthropology in Sri Lanka.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing the historical background,
current status, and future developments of the field of forensic anthropology in Sri Lanka, opening a channel for discussion and comparison between
other nations.

The history of forensic medicine in Sri Lanka goes back to the inception of Western medical practice by the British rulers in the 18™ century. Forensic
medicine practitioners, referred to as Judicial Medical Officers (JMO) in this era, took the responsibility of handling forensic anthropology casework
since there were no trained forensic anthropologists in Sri Lanka. In those days, Sri Lanka was a comparatively peaceful country, the forensic
anthropology case load was very minimal, and most of these cases were limited to partially or completely skeletonized bodies found in abandoned
areas probably due to suicides or animal attacks. Ordinary medical officers attached to government hospitals handled most of these uncomplicated
cases with their limited knowledge gained during undergraduate training and experience gained by handling these types of cases. The few forensic
experts (consultant JIMOs) who were trained in the United Kingdom took the responsibility of handling complicated issues of forensic anthropology in
this era.

The Post Graduate Institute of Medicine (PGIM) established in 1980 took over the responsibility of training local forensic experts in Sri Lanka. Analysis
of skeletal remains was incorporated into the curriculum of both post graduated Diploma in Legal Medicine (DLM) and Doctor of Medicine (MD)
training programs since 1980. Those who completed the MD Forensic Medicine program possessed a reasonably good knowledge of forensic
anthropology, and this was further improved during their post-MD overseas training. Attending workshops and seminars conducted by overseas forensic
anthropologists and international seminars and workshops in forensic anthropology helped them to further improve their knowledge in this field.

On August 23, 2016, the Sri Lankan Parliament passed the Act to establish an Office of Missing Person (OMP). The purpose of this act was to
investigate people who disappeared during the 30-year-long civil war that prevailed in Sri Lanka until 2009. Furthermore, the Sri Lankan government
recognized the need for an expert to oversee the forensic anthropology works in the country. Therefore, the Ministry of Health in Sri Lanka appointed
a Consultant Judicial Medical Officer (JMO) to the Institute of Forensic Medicine & Toxicology (IFMT) Colombo, the premier medicolegal institute
of Sri Lanka. Responsibilities of the Consultant JMO appointed to this new post are as follows: (1) take the responsibility of investigating skeletal
remains/partially skeletonized bodies recovered from all over the country in order to establish the identity, cause, and manner of death, and other
relevant issues, and report to the court of law; (2) coordinate the forensic work with the OMP and be involved in investigations of mass graves, if
found; (3) improve the existing anthropology lab at IFMT in order to carry out the skeletal analysis; and (4) set up a museum in order to train both
undergraduate and postgraduate trainees.

Additionally, the PGIM has taken an interest in training more post-MD trainees in forensics, which will be conducted during the post-MD overseas
training. Service of the first trainee trained in forensic anthropology will be available by the end of 2019. Specialists trained in this manner will be
appointed to various parts of the country. Thus, in the future, Sri Lanka will have a sufficient number of trained forensic anthropologists with a forensic
medicine background.

Forensic Anthropology, Sri Lanka, Current Status
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A90  Forensic Anthropology As a Neglected Field of Inquiry in Forensic Death Investigations in India: A
Critical Evaluation of the Current Scenario and Future Possibilities

Jagmahender Singh Sehrawat, PhD*, Panjab University, Dept of Anthropology, Chandigarh 160014, INDIA

Learning Overview: The goal of this presentation is: (1) to inform attendees about the current status and future prospects of utilization of
anthropological knowledge in forensic death investigations in India; and (2) to seek suggestions from international participants on how to enforce
forensic anthropological examination of unknown skeletal remains as an integral part of such analyses.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating that forensic
anthropological analyses should be considered as a significant component in forensic death investigations of unknown human remains.

Forensic anthropological evidence can be used more effectively and robustly to help the criminal legal system in a country such as India where subtle
variations in human physical and skeletal features of diverse heterogeneous population groups can be useful for identification of unknown
individuals/skeletal remains. Investigating agencies generally seek the assistance of forensic pathologists for identity establishment of bundles/heaps
of unknown human skeletal remains retrieved from desolate forests, natural ravines, roadside trenches, disused wells, potholes, sewage systems, pits,
waterways, etc. The inherent medical expertise of a pathologist trained in India is not considered sufficient to opine an objective identity of such
remains. In India, a forensic anthropologist is rarely warranted for the identification of such remains, as there are hardly any Indian medical institutions
where forensic anthropologists are employed as experts in the constituted multidisciplinary investigating teams.

Forensic anthropologists are supposed to have in-depth specialized knowledge of human bodily features and skeletal variations present among
individuals of different population groups. There are several criminal cases reported in India in which forensic anthropologists have played a crucial
role in identification strategies of the victims or suspects, such as: the Sheena Bora murder (Mumbai, 2012), the Nirbhaya gang-rape (Delhi, 2014), the
26/11 Mumbai terror convict (Mumbai, 2008), the Nithari serial rapes and killings (Ghaziabad, 2006), and the Naina Sahni Tandoor murder (Delhi,
1995) case. Very recently, thousands of human skeletal and dental remains, in addition to many contextual items of personal identity, have been
recovered from an abandoned well found situated beneath a religious structure in a north Indian state.

The deep sense of professional superiority has seriously affected better dispensation of justice in India as anthropological analysis has not been
considered an essential component of medicolegal death investigation by forensic pathologists. The medicolegal fraternity doubt and ignore the
significance of vital anthropological input in forensic death investigations, particularly in mass disaster cases where multiple causalities occur. India is
home to mass disasters (both natural and man-made) wherein thousands of people die nearly every year. The identity establishment of such victims
becomes essential for the completion of some documentation, such as insurance claims, job benefits, property claims, bank transfers, etc.; however,
they remain unsolved puzzles for years, despite the best efforts of forensic pathologists (without any expertise inputs from anthropologists). The
unknown human skeletal remains brought by police officials are viewed as physical objects and such autopsies are conducted by non-forensic clinicians
for the sake of completion of some legal formalities. Thus, vital clues of identity about the victims are lost at the postmortem table in the absence of an
expert opinion of a forensic anthropologist in India.

Forensic anthropologists can look over the shoulders of a forensic pathologist at the autopsy table for the most reliable and scientific identification
acceptable in legal contexts, so the experts of two disciplines should adopt a collaborative approach. This presentation will highlight the current scenario
of the utilization of anthropological knowledge in forensic death investigations in an Indian context and its future possibilities in reference to recent
forensic cases solved utilizing anthropological input and evidence. Conclusions have been derived because of experiences working as an anthropologist
for several years in a forensic medical department of a medical institution and by interviews of forensic pathologists of various autopsy departments
across the country.

Forensic Anthropology, Current Status, India
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A91  Forensic Anthropology Practice in Indonesia

Evi Untoro, MD*, Sentra Medika Cibinong, Hospital & Funeral Home, Bogor, West Java 16911, INDONESIA

Learning Overview: The goal of this presentation is to highlight the diverse background and challenges that professionals working with forensic
anthropology face in different countries. The long history of forensic anthropology has brought considerable advances, and it is essential that these
advances are noticed, and trends assessed.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by creating a channel for professionals
to discuss and debate the successes, challenges, and possible solutions to maintain the high standard of the field worldwide.

Indonesia belongs to the South East Asian Region, where its position at the archipelago provides a hot tropical climate and high humidity. Most often,
the forensic cases that are found at the scene of open ground are skeletal remains. Due to the area’s religion (approximately 80% of the population is
Muslim (Islamic Religion)), their belief from the Quran is that the dead body should be buried immediately (before 24 hours) and the sooner the better.
However, with a police investigation for unnatural death, this is becoming an obstacle and often after burial, the family will request an investigation
and autopsy, with some remains being skeletal. This task is performed by forensic pathologists in a big city where there are forensic departments in
institutions or hospitals, but in places where there is no forensic pathologist, the police will sometimes ask the physical anthropologist to help them
solving this problem.

Indonesia does not have a forensic anthropology department, only a division from the faculty. After graduating from the faculty of medicine as a
General Practitioner, a person can choose to become a forensic pathologist with three to four years of training, including two semesters of forensic
anthropology, where they learn anatomy, biology, and the pathology of skeletal remains. Physical anthropologists can graduate from any discipline and
then choose to study sociocultural anthropology, including some forensic anthropology/physical anthropology into their faculty curriculum for one
semester.

The forensic pathologists that provide the forensic anthropology examination should also having a good quality education and advanced training to
make the best report. The physical anthropologist should be guided by a forensic pathologist who is practicing forensic anthropology to share and
transfer knowledge between them, especially in looking for forensic evidence to solve cases.

Within these global cases, the highest standards of examination and reporting procedures should be used. This panel presentation would like to combine
the advance methods and highest quality of training when practicing forensic anthropology fieldwork collaborations with the international forensic
anthropology association and institutions, as well as universities.

Forensic Anthropology, Training and Practice, Indonesia
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A92  Forensic Anthropology Research Centre (FARC): An Emerging Community of Practice in South Africa

Ericka N. L’Abbe, PhD*, University of Pretoria, Pretoria 0001, SOUTH AFRICA; Leandi Liebenberg, MS, Pretoria 0186, SOUTH AFRICA; Gabriele
C. Kruger, MSc, Pretoria, Gauteng 0084, SOUTH AFRICA; Anna C. Oettle, MBChB, PhD, Sefako Magatho University, Ga-Rankuwa 0204, SOUTH
AFRICA; Steven A. Symes, PhD, MS Medical Examiner’s Office, MCL, Pearl, MS 39208; Shari A. Eppel, BA, Erie, PA 16504; Kyra E. Stull, PhD,
University of Nevada, Reno, Reno, NV 89557; Marie Christine Dussault, PhD, Brampton, ON L6Z 4B6, CANADA; Michael W. Kenyhercz, PhD,
Department of Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96816; Yvette Scholtz, MSc, University of Pretoria,
Arcadia 0084, SOUTH AFRICA; Clarisa Sutherland, BSc, Pretoria, Gauteng 0083, SOUTH AFRICA,; Alieske C. Hagg, MSc, Pretoria, Gauteng 0028,
SOUTH AFRICA

Learning Overview: After attending this presentation, attendees will better understand the emerging practice in South Africa (SA) of the analysis of
unidentified skeletal remains, establishment of skeletal collections, education, research, and community service.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by contributing to the knowledge of
education and training in forensic anthropology in Africa, particularly in South Africa.

The FARC was established in 2008 with the goal of producing research and education on par with international standards on all aspects concerning the
identification of human skeletal remains. Each year in Gauteng, approximately 1,200 bodies are incinerated without a known identity, many of whom
may be illegal immigrants and/or migrant laborers from other provinces in the country or the African continent.! Gauteng is one of nine provinces in
SA, and the total number of missing and unidentified persons within the entire country is unknown. The forensic anthropology laboratory of FARC
receives anywhere from 80 to 100 unknown persons from the Forensic Pathology Services (FPS) and the South African Police Services (SAPS) each
year. If a person is not identified after analyses and with further investigations from the SAPS and the Victim’s Identification Centre (VIC), the skeletal
remains are accessioned into archival storage until they are identified. Historical and geographical circumstances (migrant labor) and illegal entry into
the country confounds identification in the country. The purpose of this presentation is to discuss the contribution of FARC and its collaborators in
developing and improving education, research, and community engagement in forensic anthropology in SA within the past ten years.

FARC has contributed to improving proficiency and expertise among practicing SA forensic anthropologists with the development of freely available,
population-specific databases; the introduction of standard operating procedures in forensic anthropology laboratories at the various universities; and
the recent provision of annual proficiency testing for practitioners. Expertise development starts as early as the undergraduate years and continues into
the practitioner’s workplace. For this reason, undergraduate and postgraduate physical/forensic anthropology curricula have been modified with the
goal of encouraging critical and relativistic thinking among students and of providing hands-on experience with cold cases and course facilitation.
Structured, mentored experiences are designed at all levels of education to prepare students for the real world of work, which is not limited to academia.

FARC-affiliated researchers from South Africa, Europe, and the United States publish between 10 and 20 manuscripts and book chapters a year on a
range of physical anthropology topics, including human and hominin variation, cranial-facial comparisons, periodontics, and bone trauma. National
and international researchers obtain data from the Pretoria Bone Collection, a modern 20"-century South African skeletal collection that houses
approximately 1,700 remains. In collaboration with various South African and European partners, current research plans are underway to establish a
diverse, large, and digitally available imaging repository of various skeletal collections and anatomical specimens. The goal is for this to place South
African forensic anthropology at the cutting edge of collaborative scientific research; improved internationalization of SA with an increase in
postgraduate students, as well as competitive undergraduate learning facilitation; and to improve qualifications of academic staff in the country.

Community engagement has grown in the past ten years, adding value and applicability to the consultation services with the SAPS, forensic
pathologists, and other humanitarian forensic-based training/research projects in Africa. For the past two years, FARC members have participated in
training six Zimbabwean anthropologists from the Ukuthula Trust, a Non-Governmental Organization (NGO) founded in Zimbabwe in response to the
Gukurahundi massacres in Zimbabwe and are also forming research and training collaborations with East African colleagues (Tanzania).

The contributions from forensic anthropologists in research, education, and community engagement are both sustainable and relevant within the South
African community. FARC is committed to promoting excellence in research, teaching, and training both at UP and other tertiary institutions; this
particularly includes improving proficiency of forensic anthropologists in the country, as currently no guidelines exist in defining this professional
discipline, and to assist in training the next generation of forensic anthropologists to work on the African continent within a strong community of
practice.

Reference(s):
L Wild S. 2016. http://mg.co.za/article/2017-01-12-00-long-quest-to-understand-these-bodies-without-identities.
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A93  Forensic Anthropology in Greece: An Overview of the Discipline’s Status

Elena Kranioti, PhD*, Edinburgh Unit for Forensic Anthropology, Crete, GREECE; Konstantinos Moraitis, PhD*, University of Athens, School of
Medicine, Athens 11527, GREECE

Learning Overview: After attending this presentation, attendees will have gained an insight into forensic anthropology practices in Greece.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a comprehensive description
of the education, research, and practice of the forensic anthropology discipline in Greece, a country faced by increasing challenges in forensic
identification in mass fatalities, such as the recent shipwrecks in the Aegean and wildfires on the mainland.

Forensic anthropology is a fast-growing discipline with numerous applications in medicolegal contexts. Among many European countries exists certain
variability in the educational system, research focus, and actual casework. This presentation seeks to present an overview on the status of forensic
anthropology in Greece with the goal of informing young forensic practitioners and the broader medicolegal community on the advances and limitations
of the discipline in a challenging geographic area with often-increased needs for specialized forensic services.

The foundation of forensic anthropology in Greece began with the establishment of the Forensic Anthropology Unit (UoAFAU) at the Department of
Forensic Medicine and Toxicology of the National and Kapodistrian University of Athens in 2008. The Unit has been operating ever since under the
directorship of the only employed forensic anthropologist in Greece who holds an Associate Professor’s position. The Unit, which is fully equipped
with maceration facilities and analytical tools, provides anthropological examinations at the request of the Court, Prosecution Office, or police. In
addition to the usual forensic cases involving crime scene investigation, the establishment of a biological profile, personal identification, evaluation of
skeletal trauma, and estimation of the postmortem interval, the Unit also undertakes examinations aimed at estimating the age of living individuals.
Furthermore, the Unit provides training to graduate and postgraduate students of different universities, as well as training to forensic pathology residents
at the University of Athens. Forensic anthropology services are also provided by trained forensic pathologists with postgraduate degrees in forensic
anthropology at the University of Crete and loannina. These professionals are employed as forensic pathologists, though, and they deal with forensic
anthropology as part of their routine casework; thus, their anthropological report is incorporated into the routine autopsy report and does not comprise
a separate document. The protocols followed in each institution are mainly subject to available equipment and resources. For example, the University
of Crete is not equipped with a maceration chamber, but instead heavily decomposed remains can be examined through Postmortem Computed
Tomography (PMCT) as part of the Virtopsy.GR research project. Thus, the examination protocol of heavily decomposed remains includes a routine
PMCT examination, which is evaluated by a forensic pathologist trained in forensic anthropology and virtopsy techniques. The main guidelines followed
by forensic anthropology professionals in Greece include the recommendations of the American (Working Group for Forensic Anthropology) and
European (Forensic Anthropology Society Europe) standards, as currently there is no accreditation system for forensic anthropology practitioners.

The limited number of forensic anthropologists in the country hinders the development of a robust educational system of forensic anthropology in
Greece. Most graduates are seeking further training outside the country and primarily end up performing postgraduate training in the United Kingdom.
Most universities in Greece offer a PhD option in a Forensic Anthropology topic resulting in an increase of research outputs in the last decade. The
advances in research are further enhanced with the creation of two modern, documented skeletal collections in Athens (2003) and Crete (2005), which
served as research material for numerous population-specific and other types of studies.

The increased number of mass incidents in Greece (immigration crisis, fires, etc.) calls for employing more forensic anthropology experts in the
medicolegal system. In addition, the reorganization of the Greek Disaster Victim Identification (DVI) operational procedures since 2017 highlighted
the need for trained forensic anthropologists to equip the new DV teams. It is hoped that the presentation of the current status of forensic anthropology
in Greece will serve as a cornerstone in the promotion of the discipline at educational and professional levels, so it can meet the increased needs of the
country.

Forensic Practice, Greece, Forensic Anthropology

Copyright 2019 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 -140 -




o Anthropology — 2019

A94  Routine Practice in Forensic Anthropology in Europe: Attempting to Achieve a State of the Art

Eugenia Cunha, PhD*, National Institute of Legal Medicine and Forensic, Coimbra, AB 3000-456, PORTUGAL; Elena Kranioti, PhD, Edinburgh
Unit for Forensic Anthropology, Crete, GREECE; Pascal Adalian, Marseille, FRANCE; Eric Baccino, MD, Hopital Lapeyronie, Montpellier, Cedex
5 34295, FRANCE; Cristina Cattaneo, PhD, LABANOF - Sezione di Medicina Legale, Milan 20133, ITALY

Learning Overview: The goal of this presentation is to present the reality of practicing forensic anthropology in Europe, 15 years after the creation of
the first scientific association dedicated to this discipline, the Forensic Anthropology Society of Europe (FASE).

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting the reality of practicing
forensic anthropology in countries such as Portugal, Spain, Italy, France, Greece, Hungary, Denmark, Belgium, Hungary, and The Netherlands. This
presentation will assess whether these practitioners are ready to face the new challenges of the current global society.

Hypothesis: It is hypothesized that despite the different backgrounds of the practitioners, from medicine to anthropology to biology, it is expected that
the same guidelines are being followed by the experts on this field. This is due to the efforts of the FASE, namely through the realization of annual
workshops and/or courses and certification processes.

Statement of Methods: Each European country will be detailed in terms of educational background, number of employed forensic anthropologists or
number of forensic practitioners who employ forensic anthropology methods, and approximate number and context of cases. Throughout the
presentation of some practical cases from different European countries, highlighting the methods, the complementary exams regularly made, and the
reports, this presentation seeks to demonstrate the reality of this discipline and how it interacts with other medico and forensic areas.

Statement of Results: Many forensic anthropologists in Europe have a medical background and often specialize in forensic medicine. Research is
undertaken by many diverse scientists with backgrounds ranging from archaeology and osteoarchaeology to anatomy, biology, physical anthropology,
dentistry, and medicine. Research outputs have noted an impressive increase over the past two decades, and most European countries have acquired
population-specific data for forensic application at some level. The three main contexts in which forensic anthropology is practiced in most of the
European countries is the forensic investigation of heavily decomposed human remains, the positive identification of unidentified human remains, and
the age estimation of living individuals. Accreditation is possible at a European level through the FASE examination process.

Conclusion: It is evident that the different legislation in European countries has an impact on the routine practice of forensic anthropology and its role
in the courtroom. FASE’s continuous efforts in continuous professional education and dissemination of good practice is hopefully a positive
contribution toward achieving a normalization of forensic anthropology practice throughout Europe.

Forensic Anthropology, Practice in Europe, Expert Report
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A95  The Use of a Gelatin-Based Consolidant to Preserve Thermally Altered Remains

Jan J. Topoleski, MFS*, Quantico, VA 22135; Angi M. Christensen, PhD, FBI Laboratory, Quantico, VA 22135

Learning Overview: After attending this presentation, attendees will be familiar with a novel method of using a gelatin-based consolidant for
preserving and recovering thermally altered remains.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by offering a possible new method to
protect and preserve the relative anatomical positioning of thermally altered remains during recovery and transport.

Human remains from fire scenes can be severely altered, including being highly fragmented and extremely fragile. Recovery, preservation, and transport
can therefore be very challenging in these cases due to the potential for the remains to become further fragmented during the recovery process. Few
methods of preserving burned skeletal remains have been scientifically tested or generally accepted by crime scene investigators and forensic analysts.
This study tests whether the application of commercially available food-grade gelatin as a consolidant may be an effective method for preserving
thermally altered skeletal remains. Food-grade gelatin was selected due to being easily available and non-reactive (i.e., will not chemically or physically
alter bone).

Twelve domestic pig (Sus scrofa) mandibles were each placed into aluminum trays filled with sand. The specimens were thermally altered using a
hand-held propane torch (temperatures >1,100°F), which was applied to each bone for ten minutes. Distance and position of the heat source were kept
constant to ensure similar thermal exposure to all specimens. The mandibles were allowed to cool in situ. Six of the mandibles were then treated with
a 1:10 mixture of Knox® brand food-grade gelatin and warm water using a hand-held spray bottle; the other six mandibles remained untreated. The
gelatin was then allowed to cure for 60 minutes.

Specimens were each removed/recovered from the sand substrate manually and transported approximately 14.5' where they were then assessed and
photographed. Preservation was assessed as a function of the total number of fragments following transport, with better preservation being represented
as fewer fragments.

Results demonstrate that treated samples were significantly better preserved (i.e., were represented by fewer fragments following transport) compared
to untreated controls. Most of the treated specimens, in fact, remained as one intact piece, along with part of the sand substrate, during the recovery
and transport process. In contrast, untreated controls became separated into multiple bone fragments during recovery and transport. Because they
remained intact and in anatomical position, the treated specimens could also be visually and radiologically assessed while still held together by the
gelatin.

Additional testing of Knox® gelatin (or chemically similar products) for skeletal preservation would be beneficial, including testing the approach in
different environments (e.g., varying temperature, humidity) as well as varying degrees of thermal alteration. However, preliminary tests suggest that
the application of a gelatin-based consolidant appears to have significant potential as a method for preserving thermally altered remains for recovery
and transport. This approach is also easy to use, affordable, non-destructive, and reversible (the gelatin can be removed using warm water if needed).
It may also have utility in non-forensic anthropological contexts, including the preservation of archaeological or non-skeletal material and artifacts.

Forensic Anthropology, Skeletal Preservation, Gelatin
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A96  The Application of X-Ray Photoelectron Spectroscopy (XPS) to Examine the Surface Chemistry of
Cancellous Bone and Medullary Contents to Refine Bone Sample Selection for Nuclear DNA Analysis

Janna M. Andronowski, PhD*, University of Akron, Akron, OH 44325-3908; Amy Z. Mundorff, PhD, University of Tennessee - Anthropology,
Knoxville, TN 37996-1525; Jon Davoren, Lorton, VA 22079-2625; Reed A. Davis, MSc, University of Akron - Department of Biology, Akron, OH
44325; Eric W. Price, PhD, University of Saskatchewan - Dept of Chemistry, Saskatoon, SK S7N 5C9, CANADA

Learning Overview: The goals of this presentation are to: (1) describe the use of XPS for surface chemistry analysis of cancellous bone tissue and
medullary contents as a novel approach to decipher biological tissues from diagenetic infiltrations (e.g., soil) among trabeculae; and (2) present the
methodology as a potential tool for refining bone sample selection for nuclear DNA analysis.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by improving current understandings of
the relationship between nuclear DNA yield and cancellous bone and medullary content chemical composition, thus informing bone-sample selection
for nuclear DNA analysis in a forensic context.

Research by Andronowski and colleagues investigated whether differences in 3D bone microstructure may be used to explain differential nuclear DNA
yield among bone tissue types (cortical and cancellous bone), with a focus on osteocytes and the 3D quantification of their associated lacunar spaces.!
Identifying which bone tissue type(s) and/or bone envelope(s) (e.g., periosteal, intracortical, and endosteal) provide the highest nuclear DNA yields
will further inform current bone-sampling protocols for human identification and limit the amount of bone tissue necessary for DNA analysis. Results
demonstrated that osteocyte lacunar density values were independent of nuclear DNA yield, suggesting an alternative explanation for the higher nuclear
DNA yields from bones with high quantities of cancellous bone. A plausible explanation focuses on remnants of soft tissue between trabeculae observed
using Synchrotron Radiation-based micro-Computed Tomography (SR micro-CT). Though soft tissue was not present on the surface of the bones, 3D
scans consistently revealed probable soft tissues within the medullary cavities of skeletal elements with high cancellous content.

It is hypothesized that residual soft tissues, which likely include endosteum and osteological lining cells, contributed to the higher nuclear DNA yields
from cancellous bone. The application of a novel XPS approach has the potential to explain why nuclear DNA vyield rates differed among bone tissue
types in the specimens used in Andronowski and colleagues original study.!

The surface chemical composition of cancellous bone specimens and their medullary contents were assessed (n=24) using XPS. Skeletal elements were
retrieved from six adult males at increasing postmortem intervals and included the talus, medial cuneiform, patella, and sixth rib. Three Regions Of
Interest (ROIs) per specimen were obtained and comparatively analyzed. All XPS experiments were conducted using a Kratos AXIS Supra system at
the Saskatchewan Structural Sciences Centre (SSSC). This system is equipped with a 500mm Rowland circle monochromated Al K-a (1486.6 ¢V)
source and combined Hemi-Spherical Analyzer (HSA) and Spherical Mirror Analyzer (SMA). A spot size of hybrid slot (300x700) microns was used.
All survey scan spectra were collected in the 5eVV-1,200eV binding energy range in 1eV steps with a pass energy of 160eV. An accelerating voltage of
15keV and an emission current of 15mA was used for the analysis. The data was processed using CasaXPS (version 2.3.18PR1.0).

The chemical composition of the surface of cancellous bone and associated medullary contents revealed high percentages of carbon and oxygen (12.33-
30.44% and 56.70-85.29%, respectively), which is consistent with biological material. Trace amounts of phosphorous (0.39%-3.98%), calcium (0.34%-
6.45%), and nitrogen (1.25%-9.39%) were further detected in all specimens. Sodium, sulfur, and iron were detected in specimens from one individual,
albeit in almost undetectable amounts (<0.5%). Most individuals were recovered from the outdoor environment following three and nine months of
natural decomposition. However, one individual was placed in a burial and recovered after nearly three years. This individual’s bones were visibly
soil-stained and revealed trace amounts of silicon (0.71%-1.69%) and aluminum (0.97%). These inorganic elements are the major components of
common soil and their presence is likely the result of diagenetic activity. Results indicate that intertrabecular spaces within cancellous bone provide a
safe reservoir for soft tissue, suggesting that areas of high cancellous content are a preferential location for nuclear DNA extraction

Results of this work have broader applications as they offer promise for the development of a refined method for identifying the skeletal elements most
likely to yield nuclear DNA. The procurement of small, primarily cancellous bones with associated soft tissues within marrow spaces should be
preferentially sampled and no longer dismissed as potential DNA sources in favor of cortical bone tissue.

Reference(s):

L Andronowski J.M., Mundorff A.Z., Pratt I.VV., Davoren J.M., Cooper D.M.L. 2017. Evaluating Differential Nuclear DNA Yield Rates and
Osteocyte Numbers Among Human Bone Tissue Types: A Synchrotron Micro-CT Approach. Forensic Science International: Genetics. (28):
211-218.
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A97  Forensic Anthropology and Identification at the State Level: Lessons From the Louisiana Repository for
Unidentified and Missing Persons

Teresa V. Wilson, PhD*, Louisiana State University, Baton Rouge, LA 70803; Ginesse A. Listi, PhD, LSU Geography & Anthropology, Baton Rouge,
LA 70803; Maria T. Allaire, MA, LSU FACES Laboratory, Baton Rouge, LA 70803

Learning Overview: The goal of this presentation is to demonstrate how the partnership between forensic anthropology, investigative agencies, and
other forensic professionals in Louisiana has changed the way that unresolved unidentified and missing persons cases are investigated.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by posing a model for a state-level
database for cold case unidentified and missing persons investigations.

In 2006, Louisiana passed an unprecedented law (LA RS 15:651-662) that established the Louisiana Repository for Unidentified and Missing Persons
Information Program (the “Repository”) and outlined the role that forensic anthropology would play in the identification of missing persons across the
state. By naming the Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) Laboratory the sole
administrator of this database, the state legislature recognized that forensic anthropology could provide positive contributions in the collection of
biological information from cold cases and was best suited to act as a liaison with other agencies involved in the investigations. After 13 years, the
lessons learned from the Louisiana Repository highlight the problems facing efforts to identify the unidentified and find the missing all over the country.

The Repository is a secure, confidential database that contains biological, biographical, and investigative information about Louisiana unidentified and
missing persons cases. The earliest versions of the database were a collection of WinID and Microsoft® Excel® and Access® files, which contained
specific, but limited, information and was not cross-searchable. In 2015, all Repository files were transferred into a specifically designed, proprietary
database program that is housed on a secure off-site server. This upgrade has resulted in more efficient data management by providing a straightforward
means of searching for and comparing data. The LSU FACES Lab has maintained a website (identifyla.lsu.edu) that contains a public interface for
global access to basic case information and images since 2008. This website has attracted almost two million page views since it was redesigned
in 2010.

For criminal justice agencies in Louisiana, the Repository serves as a central location for archiving information about unidentified and missing persons,
as well as provides a means for requesting assistance with other aspects of recent and cold case investigations. As a forensic anthropology laboratory,
FACES personnel can provide all Repository cases with anthropological analyses (e.g., biological profile, trauma analysis, postmortem interval, etc.)
and forensic imaging (e.g., facial approximation, age progression, etc.). Therefore, in addition to using the Repository to search case information from
other agencies within the state, law enforcement also can have age progressions completed for long-term missing persons to provide updated images
for public dissemination. For cases of unidentified decedents, coroners can request assistance in the collection of biological profile information, DNA
sampling from bone and teeth, or dental imaging.

In its capacity as the administrator of the Repository, the LSU FACES Lab also cooperates with various state and national agencies to ensure that
information on Louisiana’s cold case unidentified and missing persons is represented in appropriate national databases. Working closely with the
Louisiana State Police Crime Laboratory (LSPCL), FACES submits decedent and family reference DNA samples for each Repository case; DNA
results then are uploaded into and can be searched at the appropriate levels of the Combined DNA Index System (CODIS). Through a partnership with
the Louisiana State University Police Department, FACES can search and input unidentified persons cases into the National Crime Information Center
(NCIC). Finally, all Repository cases are entered into the National Missing and Unidentified Persons System (NamUs) to allow national access to
searchable case information on Repository cases.

Since the creation of the Repository, the LSU FACES Lab has seen the successful resolution of 24 long-term unidentified and missing persons cases
resulting from information collected for the database. These cases include four individuals missing 5-9 years, eight missing 1019 years, six missing
20-29 years, and six missing for more than three decades. In 13 years, the Repository has transformed from a modest database to a robust warehouse
of information. Due to the nature of these cases, data collection for the Repository is never complete. Through the continued partnership between
forensic anthropologists, law enforcement officers, death investigators, and other forensic science professionals, the Repository will continue to adapt
to the needs of the Louisiana unidentified and missing.

Forensic Anthropology, Unidentified Remains, Missing Persons
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A98  Forensic Anthropology and Identification in Natural Disaster-Related Cemetery Disruptions

Ginesse A. Listi, PhD*, LSU Geography & Anthropology, Baton Rouge, LA 70803; Christine L. Halling, MS, Louisiana Department of Justice, Baton
Rouge, LA 70802; Ryan M. Seidemann, MA, Louisiana Department of Justice, Baton Rouge, LA 70802; Teresa V. Wilson, PhD, Louisiana State
University, Baton Rouge, LA 70803

Learning Overview: The goal of this presentation is to discuss the efforts undertaken to recover and identify 119 individuals displaced from their
graves during a natural disaster.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing baseline information useful
for recovering remains and resolving the identity of individuals displaced from cemeteries during natural disasters.

In the aftermath of natural disasters, state or national response prioritizes the living and recently deceased. Regarding the latter, forensic anthropologists
often are part of a team that involves individuals from other forensic and medicolegal disciplines, and their roles range from participating with recovery
to assisting in the identification process. In these cases, identification is based on typical methods used for recently deceased individuals, such as visual
recognition, dental or medical records, or DNA.

When natural disasters impact the non-recently deceased (i.e., cemetery remains), identification of these individuals requires a different approach. Not
only might those responsible for reinterring disinterred remains have little experience with identification protocols, but also the typical methods for
establishing identification are often ineffective due to the condition of the remains. In these instances, forensic anthropologists are an invaluable
resource during the recovery and identification process.

Numerous natural disasters have impacted the United States over the past 15 years. In Louisiana, the most recent event was the “Great Flood” of August
2016, in which an unnamed storm dropped 19-31 inches of rain over south Louisiana within 48 hours. When the deluge stopped, an area extending
more than 13,129 square miles was flooded. Local coroners were able to manage the 13 deaths that occurred during the storm; however, officials soon
realized that the widespread destruction to cemeteries would require additional assistance. In total, 74 cemeteries in 19 parishes had been affected, with
at least 801 graves damaged or compromised. This presentation discusses the efforts undertaken to resolve the identity of individuals displaced in the
cemetery with the most damage.

Plainview Cemetery, in Livingston Parish, LA, is privately owned by a church, but had served as a burial ground for the broader community for more
than 100 years. Of the 808 visible graves present prior to the flood, 250 were disrupted, with damage ranging from headstone displacement to the
ejection of vaults or caskets from grave spaces. Identification for some of these individuals should have been straightforward as, since 2006, Louisiana
law requires identifying information to be present on the exterior of caskets. However, only 4 of the 88 disrupted caskets that post-dated the law were
in compliance. Including these 4, 12 caskets were able to be identified and reinterred without being opened. The remaining caskets had to be opened
and required some level of analysis to establish the person’s identity. Anthropologists with the Louisiana Attorney General’s Office led the recovery
and identification efforts, with assistance from the LA Department of Health, a disaster mortuary specialist, and anthropologists and students from the
Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) Laboratory.

While the process of identification in this context mirrored forensic casework, the specialized circumstances required that additional steps be taken.
Few records were available for the cemetery, so extensive post-disaster data collection was required to obtain “antemortem” comparative information.
Efforts to gather data included mapping and documenting the existing graves and grave spaces and interviewing community and family members to
determine who was (or had been) buried where, when, in what type of casket, and with what clothing or accessories. Recorded “postmortem” data
included the biological profile and dental data for the decedent and information on antemortem trauma, personal artifacts, and the casket.

Intensive data collection was required for 119 individuals. Artifacts enclosed within the casket that bore the decedent’s name identified 60 people. All
but 15 of the remaining individuals (a total of 94%) were identified by comparing the antemortem and postmortem data. In contrast to typical forensic
casework, biological profile and dental data ultimately proved to be less helpful for identification, as these data were relatively homogeneous for the
displaced individuals (i.e., many were elderly, edentulous, and of African ancestry). Rather, information on antemortem trauma and personal items was
crucial in the identification process.

The challenges experienced at Plainview and other cemeteries, and their successful resolution, led to recently passed legislation establishing a
formalized state response to disaster-related cemetery disruptions. Although each cemetery presents unique challenges, the protocols discussed here
should provide a useful baseline for anthropologists in other areas when dealing with similar situations in the aftermath of natural disasters.

Forensic Anthropology, Natural Disasters, Identification
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A99 A Virtual Anthropology Consultancy Service (VACS)

Lucina Hackman, PhD*, University of Dundee, Dundee, Angus DD1 5EH, UNITED KINGDOM; Sue Black, PhD, University of Dundee, Dundee DD1
5EH, UNITED KINGDOM

Learning Overview: After attending this presentation, attendees will understand: (1) the value of a VACS; (2) how the service is run by forensic
anthropologists; and (3) the ways in which police forces can benefit from the use of VACS.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how VACS can be
developed. This presentation discusses the manners in which this forensic casework is undertaken and how it impacts and benefits the forensic
anthropologists running it, as well as the police forces who access it as a resource.

In 2008, in response to repeated queries from police officers across the United Kingdom regarding bones found during building works or by gardeners,
the forensic anthropologists at the Centre for Anatomy and Human Identification set up the VACS. This was designed as a triage service for all bone
finds that were reported to any of the 52 police forces across all four countries of the United Kingdom. The service allowed the officers to send images
of the bone/bones that had been found to a dedicated email address. The images that were received were viewed by a member of the forensic
anthropology team and the reporting officer was duly contacted with an analysis of the bone or bones in the image, given advice, and provided with a
report. Cases that were sent to the service were answered within an hour of receipt, seven days a week, between 7:00 a.m. and 10:00 p.m., and there
was no charge to the forces for using the service. The forensic anthropologists who responded to these cases did so on a voluntary basis.

Use of the service rose rapidly, from a low of 84 cases in the first full year, increasing year by year to a high of 506 cases in 2016. The total number of
cases responded to between 2008 and 2017 was 3,116. Forty-five percent of all cases were sent in the evenings and on weekends and, while percentages
varied year to year, an average of 20% were human. Many of the cases were of bones found during normal activities, such as gardening, but bones
were found in a huge number of situations, including during building works and renovations and by ramblers. A small number of images have been of
non-osseous items, usually consisting of models of body parts, with a peak in these cases seen around the end of October, coinciding with Halloween.

Police forces incorporated the service in their Crime Scene Investigator (CSI) training and as part of Standard Operating Procedures (SOPs) for actions
to take if a bone was reported. The service provided a timely answer, allowing senior officers to have a real-time response, which had an impact on
their ability to decide how to deploy their officers, impacting favorably on their budget. This ability to have a quick response also meant that the service
was incorporated as part of official search strategies during missing persons searches; these latter cases often resulted in images of hundreds of bones
but meant that officers were not constrained waiting for specialists to arrive to confirm the origin of a bone. Each case was responded to on an individual
basis and involved the production of a brief forensic report. This meant that while the forensic anthropologists running the service were not paid for
the time they donated, they were able to use it as an ideal method of training students and less experienced forensic anthropologists who learn how to
liaise and communicate with police, coroners, or procurators fiscal and receive instructions on how to write a forensic report. The volume of cases also
provides a large repository of casework that currently acts as a teaching resource for both undergraduate and postgraduate students.

Consultancy, Forensic Anthropology, Casework

Copyright 2019 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 - 146 -




o Anthropology — 2019

A100 Ancestry Estimation Using Cranial and Postcranial Macromorphoscopic Traits

Micayla C. Spiros, MS*, Michigan State University Dept of Anthropology, East Lansing, MI 48824

Learning Overview: After attending this presentation, attendees will understand how combined datasets, specifically cranial and postcranial
macromorphoscopic traits, can be applied to ancestry classifications.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by highlighting the utility of a multiple
dataset approach to ancestry estimation. Additionally, this presentation will demonstrate the importance of multivariate statistical frameworks and
machine learning models to improve accuracy and validity for traditional forensic anthropological methods.

To examine the utility of combining cranial and postcranial macromorphoscopic traits, a variety of classification models were employed to estimate
ancestry. The samples represent American Black (n=20) and American White (n=20) individuals from the Robert J. Terry Skeletal Collection and
include females (n=21) and males (n=19) ranging in age from 24 to 80 years. Classification models using up to 8 cranial and 23 postcranial
macromorphoscopic traits were performed. The classification models include: stepwise Quadratic Discriminant Analysis (QDA), artificial neural
Network (aNN), Random Forest Model (RFM), and Supported Vector Machine (SVM).

Polychoric correlation was computed to assess the relationship between all variables. Overall, there was a moderately strong negative significant
relationship between cranial and postcranial traits, indicating models assuming trait independence should be applied cautiously. Nasal Aperture Width
(NAW) and the Left Third Trochanter (LTT), for example, were significantly negatively correlated (r=-0.34, n=40, p=0.03), suggesting increases in
NAW correspond to decreases in the incidence of LTT. Post-bregmatic depression was negatively correlated with all postcranial traits, except for the
Left Anterior and Middle Calcaneal Facets (LAMCF) (r=0.225, n=40, p=0.04), suggesting post-bregmatic depression corresponds to overall decreases
in the presentation of LAMCEF and increases in all other postcranial traits.

The data was divided into training and test sets, uniformly within groups using 70% of the sample for training and validation and the remainder as a
hold-out test set. The results of the classification models were appealing and suggest further work is necessary. Variable importance models using the
Gini index suggest both variable types are important in classification. Inferior Nasal Aperture (INA) and Spinous Process Bifurcation of the Third
Cervical Vertebrae (C3SPB) were nearly equally important in all models. In fact, the stepwise QDA models using only these two variables correctly
classified 90% of the sample (k=3; AB=91%; AW=89%), a slight improvement over previous classification models utilizing a combined craniometric
and cranial morphoscopic approach (AB=79.4%; AW=87.1%).! The aNN model correctly classified 95% of the holdout sample. The SVM correctly
classified 97.5%, showing great promise for future work using larger sample sizes.

These models maximize classifications of ancestry by including postcranial morphology. Previous research on the utility of postcranial non-metric
traits hinted at their utility in ancestry estimation methods; however, until recently, very little quantification of these traits in modern human skeletal
samples has been conducted. The morphology of the postcranial skeleton is often considered too plastic to be of use in ancestry estimation; the reason
may be little more than the reliance on older beliefs with no testing or verification. However, these traits show great promise in ancestry estimation,
both alone and in combination with cranial macromorphoscopic traits. However, the key is robust classification models appropriate for
categorical data.

Reference(s):
L Hefner, J.T., Spradley, M.K., Anderson, B. 2014. Ancestry Assessment Using Random Forest Modeling. Journal of Forensic Science. 49 (3):
583-589.

Forensic Sciences, Forensic Anthropology, Ancestry Estimation

Copyright 2019 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 -147 -




o Anthropology — 2019

A101 Macromorphoscopic Trait Analysis in Forensic Anthropological Casework

Joseph T. Hefner, PhD*, Michigan State University, East Lansing, Ml 48824; Stephen D. Ousley, PhD, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will be familiar with the implementation of macromorphoscopic trait data in casework
associated with human identification. Attendees will learn about the development of a new analytical program for classification of ancestry and the
research/analytical potential of data housed in the Macromorphoscopic Databank.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by addressing a significant gap in best
practices in the forensic anthropological approaches to macromorphoscopic trait data analysis, particularly as those data relate to the estimation of
ancestry and their application in forensic anthropological casework.

Macromorphoscopic traits are primarily binary and ordinal variables of the midface and vault, generally considered skeletal framings for soft tissue
variations. Large and appropriate reference samples containing Macromorphoscopic (MMS) trait data collected from individuals with modern birth
years are needed for the classification models used in the estimation of ancestry from MMS traits. The Macromorphoscopic Databank (MaMD;
N ~7,400) serves that function, making publicly available trait scores for a large sample (n=2,363) of modern American populations and worldwide
groups of various geographic origins (n=1,790). In addition, the MaMD also stores reference data for a large (n = 3,244) sample of pre-, proto-, and
historic Amerindian data, useful for biodistance studies and finer levels of analysis during Native American Graves Protection and Repatriation Act
(NAGPRA) -related investigations and repatriations. In developing the MaMD, the goal was always the development of an analytical tool useful to
forensic anthropology practitioners for the classification of an unknown individual into a reference population.

This presentation is intended to address the current gap in best practice concerning the implementation of MMS trait data in forensic anthropological
analysis, particularly how MMS data can be successfully incorporated into the estimation of ancestry in a manner approximating craniometric analysis
using the computer program FORDISC® 3.1. To highlight the utility of this software, this study began with known individuals (age, sex, ancestry)
representing Amerindian (n=81), Asian (n=74), American Black (n=82), Hispanic (n=82), Thai (n=82), and American White (n=83) samples drawn
randomly from the MaMD. These data were used to build and tune a number of artificial Neural Networks (aNN) using softmax modelling (decay
<0.001) and more than 2,000 iterations. Neural networks are a form of machine learning particularly well suited for MMS data. In fact, the final model
correctly classified 68% of the sample using six MMS traits. Repeated simulations (n=20) indicate a stable classification model (C1=65.6 — 69.7;
X=66.8; sd=1.16). To measure any inherent bias in the model and to cross-validate the results, a second completely independent random sample was
drawn from the MaMD (n=516) and classified according to ancestry using the original model. Overall, 60% of the sample was correctly classified,
ranging from 75% correct for the Asian sample to a lower percent correct for Hispanic sample (35%).

Of course, forensic anthropologists very rarely deal with samples. Instead, they are interested in an individual classification and, perhaps more
importantly, measures of classification strength. Hefner and Ousley proposed Optimized Summed Score Attributes (OSSA) as a heuristic classifier
using MMS traits.> OSSA has been well received but is only suitable for two groups (American Blacks and Whites) and does not provide suitable
measures of classification strength. The new classification software uses several machine learning methods to best classify human remains using
morphoscopic traits drawing from the reference data contained within the MaMD. This software permits user-selected classification algorithms and
provides output similar to the results provided by FD3, including posterior and typicality probabilities, sensitivity, specificity, and other measures of
model and classification success.

Generally, every forensic anthropological analysis includes an estimation of ancestry. Craniometric analysis traditionally relied on FD3, which provides
statistical results to qualify conclusions and validate results through typicality and posterior probabilities. With the introduction of this software and
the exploration of additional machine learning methods, MMS trait analysis can enjoy that same level of scientific rigor and method validation.

This project was supported by an award from 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.

Reference(s):
L Hefner J.T., Ousley S.D. Statistical Classification Methods for Estimating Ancestry Using Morphoscopic Traits. J Forensic Sci. 2014:59(4):
883-890.
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A102 A Reevaluation of Tooth Crown Measurements in the Estimation of Ancestry Using Random Forest
Classification

Michael W. Kenyhercz, PhD*, Department of Defense POW/MIA Accounting Agency, Joint Base Pearl Harbor-Hickam, HI 96816; Marin A.
Pilloud, PhD, University of Nevada, Reno, Reno, NV 89557-0096; Joseph T. Hefner, PhD, Michigan State University, East Lansing, Ml 48824

Learning Overview: After attending this presentation, attendees will understand the utility of tooth crown metrics in the estimation of ancestry and
how random forest classification is used to achieve high classification rates among several worldwide populations.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating a new method in
forensic anthropology and by providing a freely available Graphical User Interface (GUI) for practitioners to use in casework and research.

Teeth have long been studied for their variability among human populations, both metrically, especially using dental apportionment analysis and
morphologically.:> However, tooth crown metrics are typically outperformed by other analyses, such as craniometrics. Pilloud et al. have recently
shown the utility of tooth crown metrics in discriminating among three broad geographic groups (African, Asian, and European) using Hanihara’s
worldwide odontometrics dataset and linear discriminant function analysis.” When females and males of those three groups were considered separately,
Pilloud et al. reported cross-validated total correct classifications of 88.1% and 71.9%, respectively, and a combined cross-validated total correct
classification of 71.3%.”

Random forest classification is an alternative to linear discriminant function analysis that uses modified decision trees with non-linear boundaries.
Essentially, at each decision, or tree, a classification is made and, depending on the number of trees, the group with the highest classification count is
used for a classification. The user specifies the number of trees and the number of variables tested at each decision tree. For the current study, Hanihara’s
worldwide dataset was used with the same three broad geographic groups used in Pilloud et al.’s study.” A total of 32 tooth crown measurements are
available (16 mesiodistal and 16 buccolingual), representing one side of the dental arcade. The total sample includes 1,674 complete dentitions (African
Females=17, African Males=85, Asian Females=282, Asian Males=698, European Females=162, and European Males=430). The implementation of
random forest classification used here includes a 70% training set, 15% validation set, and 15% testing set. Using 500 trees, with four variables tested
at each decision tree, a total correct classification of the same three broad geographic groups, with females and males considered together (a total of
six classification groups), achieves a total correct classification rate of 90.3%. When females and males are considered separately, the total correct
classification rates are 99.1% and 98.4%, respectively.

A GUI was created with the language shiny in RStudio to allow practitioners to input between one and 32 variables and create custom random forest
classification models on a case-by-case basis.2® Users specify the groups to compare, which can include females and males from the three broad
geographic groups: African, Asian, and European. Output includes: correct classification rates (both raw counts and percentages), total correct
classification, group classification, posterior probabilities, positive and negative predictive values, individual node classification counts, out of bag
error, variable importance, and a Mahalanobis distance matrix. The GUI is freely available at https://anthropologyapps.shinyapps.io/HanihaRa/.

Reference(s):

- Harris E.F., Bailit H.L. 1988. A Principal Components Analysis of Human Odontometrics. Am J Phys Anthropol. 53:349-358.

Turner C.G. 11. 1967. The Dentition of Arctic peoples. PhD dissertation. University of Wisconsin, Madison.

Irish J.D. 1997. Characteristic High- and Low-Frequency Dental Traits in Sub-Saharan African Populations. Am J Phys Anthropol. 102:455-467.

Irish J.D. 1998. Ancestral Dental Traits in Recent Sub-Saharan Africans and the Origins of Modern Humans. J Hum Evol. 34:81-98.

Edgar H.J.H. 2005. Prediction of Race Using Characteristics of Dental Morphology. J Forensic Sci. 50(2):1-5.

Falk D., Corruccini R. 1982. Efficacy of Cranial Versus Dental Measurements for Separating Human Populations. Am J Phys Anthropol. 57:

123-127.

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

8 Chang W., Cheng J., Allaire J.J., Xie Y., McPherson J. 2017. Shiny: Web Application Framework for R. R package version 1.0.3.

% R Studio Team. 2016. R Studio: Integrated Development Environment for R. R Studio, Inc. Boston, MA. www.rstudio.com.
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A103 Assessing the Within-Group Structure of the “Hispanic” Sample in FORDISC® 3.1

Dorianis Mercedes Perez, MS*, Tallahassee, FL 32303; Luis L. Cabo, MS, Mercyhurst University, Erie, PA 16546

Learning Overview: After attending this presentation, attendees will better understand the limitations of ancestry estimation of “Hispanic” individuals
in forensic contexts and gain insight on the misconception of utilizing the Hispanic population as a discretely defined population in typical applications
of ancestry estimation methods.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing further research to suggest
that ancestry estimation of continuously varying populations should not be employed in forensic contexts, as this may lead to greater errors in estimating
biological profile parameters.

Recent decades have witnessed a significant push to improve and refine ancestry estimation methods in forensic anthropology. At the time of this
writing, FORDISC® 3.1, the software for sex and ancestry estimation most commonly employed in forensic anthropology, includes a total of eight
ancestries. Geographic groups characterized as Hispanic have been added in recent years, considering that a wider spectrum of representation for this
generic ancestry should increase classification accuracies of unknown individuals. Thus, ancestry estimation methods have been expanding and
diversifying Hispanic samples to encompass a greater range of variation. To test the effects of doing so, the within-group structure of the Hispanic
sample in FORDISC® 3.1 was analyzed. Most individuals in the Hispanic reference group in FORDISC® 3.1 are of Central American origin, and the
program divides them by specific country of origin (Guatemalan, Mexican, etc.). The goal of this study is to determine the validity of this reference
group by using craniometric data of Hispanics from the Forensic Databank (FDB), a sample from the Dominican Republic (a Caribbean-Hispanic
population), and positively identified Hispanic individuals from the New York City Office of the Chief Medical Examiner (OCME).

To assess group structure, K-means clustering analysis was performed on the pooled Hispanic sample and again on only FDB Hispanics. Analysis of
the composition of clusters revealed no separation based on geographic origin in both cases. This strongly suggests that the Hispanic sample in
FORDISC® 3.1 is largely an artificial group, comprised of a subjective, incomplete, and heterogeneous pool of individuals from different continental
origins, rather than a real ancestry group in the traditional, geographic-origin sense. To emphasize the effects of this group composition, a modern
Dominican sample was run in FORDISC® 3.1 using methods outlined in Jantz and Ousley.! Dominicans classified more frequently as American White
and American Black, respectively, with only 10% of the sample classifying as Hispanic.

It is recommended that the Hispanic sample in FORDISC® 3.1 be discarded or divided and renamed as the specific geographic populations represented.
Because the Hispanic population is difficult to define due to the ambiguity of characterizing the proportion of parent ancestries present on an individual
basis (Native American, European, and African), it is suggested that the term “Hispanic” not be used to define an ancestral class, but an ethnicity. This
would also imply that the use of craniometrics is not an appropriate approach for this type of analysis.

Reference(s):
L Jantz R.L., Ousley S.D. FORDISC® 3.0: Personal Computer Forensic Discriminant Functions. University of Tennessee, Knoxville; 2005.

Hispanic, Ancestry Estimation, K-Means Cluster Analysis
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Al104 Testing the Homogeneity of “White”: Dental Morphology in Americans and Australians of European
Decent

Heather J.H. Edgar, PhD*, Anthropology, Albuquerque, NM 87131; Shamsi Berry, PhD, University of Mississippi Medical Center, Jackson, MS 39216

Learning Overview: After attending this presentation, attendees will understand how phenetic variation between Australians and Americans of
European descent results from their specific population histories and showcases the difficulties of associating biological variation with social categories
commonly used to describe missing persons.

Impact on the Forensic Science Community: This presentation will impact the performance of the forensic science community, especially forensic
anthropology, by highlighting: (1) how dental morphological characteristics are a valuable complement to the usual tools available for estimating
bioaffinity of an unknown person; and (2) how social concepts of race and ethnicity do not necessarily reflect homogeneous groups over time and
space, even in populations usually considered common, well studied, and well understood.

The populations of the United States and Australia share many commonalities. Both derive first from Western Europeans, especially from Great Britain.
Later migration came from other areas of Europe, including Central, Southern, and Eastern countries, especially Germany, Italy, Greece, and the Slavic
nations. Still later migration to both countries included populations from Asia. However, geography and history have shaped differences in migrations
to the two nations, with West Africans transplanted in large numbers to the United States and migration from Latin America being significant, while
Australia continues to attract a significant number of migrants from Asia. Today and throughout its history, the greatest proportion of migrants to
Australia derive from Great Britain, many via previous residence in New Zealand.!

Given that Americans and Australians of European decent, commonly known as “Whites,” both derive from migrants from the British Isles, later
supplemented by Central, Southern, and Eastern Europeans, it might be assumed that there would be little to no phenetic difference between the two
populations. They would be indistinguishable. In the United States, this reflects a general assumption about regional subpopulations of Whites within
the nation. When forensic anthropologists use samples of European Americans in research, they are assumed to be homogeneous across regions. While
many forensic anthropologists recognize that there are important differences among African Americans, Asian Americans, or especially Hispanic
Americans, this recognition is not always true about European Americans. Patterned regional phenotypic variation complicates the forensic assessment
of bioaffinity.

This study tested the hypothesis that Americans and Australians of European descent are phenetically homogeneous using linear discriminant function
analysis. Dental morphological traits were scored following Edgar from casts of individuals born after 1980.2 The samples were 63 individuals from a
study of Australian twins, 100 from an orthodontic clinic in Memphis, TN, and 34 from an orthodontic clinic in New York City, NY. Data consisted
of 25 dental morphological traits that could be scored and varied significantly between Australian samples and the combined United States. Correct
allocation between the Australian and combined United States sample was 69.1%. Comparing the New York and Australian samples, 66.7% were
correctly allocated, while Tennessee versus Australian samples were correctly identified 69.1% of the time. A comparison of the Tennessee and New
York samples yielded a marginally better result, with 75.8% correct allocation.

These results may indicate that the variation in Australians of European descent is subsumed by that in Americans of European descent. The fact that
Awustralian Whites could be discerned from American Whites at a rate significantly different from chance indicates that there is significant variation
between the two populations. Interestingly, the highest rate of correct classification was between the two American samples, indicating the presence of
regional heterogeneity within Americans of European descent. This patterned heterogeneity warrants further investigation, as estimates of bioaffinity
are commonly applied nationwide that have been derived solely from regionally isolated populations.

Reference(s):
L http://www.migrationheritage.nsw.gov.au/belongings-home/about-belongings/australias-migration-history/index.html.
2 Edgar H.J.H. 2017. Dental Morphology for Anthropology: An Illustrated Manual. London: Routledge.

European American, European Australian, Dental Morphology

Copyright 2019 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS.
*Presenting Author -151 -




o Anthropology — 2019

A105 Estimating Ancestry and Region of Origin: A Multidisciplinary Approach to the Identification of Unknown
Individuals

Angela Soler, PhD*, NYC Office of Chief Medical Examiner, New York, NY 10016; Andrew J. Schweighardt, PhD, Northport, NY 11768; Laura
Huynh, MS, NYC Office of Chief Medical Examiner, New York, NY 10016; Carl Gajewski, MS, Office of Chief Medical Examiner, New York, NY 10016

Learning Overview: After attending this presentation, attendees will better understand the benefits and limitations of using free, publicly available
mitochondrial DNA (mtDNA) databases to complement visual and anthropological ancestry estimates in cases of unidentified individuals.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how mtDNA ancestry
predictions perform in comparison to visual and anthropological ancestry estimates. In addition, the mtDNA databases will be assessed for their utility
in making predictions on region of origin, which could be especially useful in the identification of migrants.

Forensic anthropologists often collaborate with other specialties to assist in the identification of unknown individuals by contributing biological profiles,
as well as by providing investigative resources, maintaining oversight of long-term unidentified individuals, and by suggesting innovative scientific
approaches. The purpose of this study is: (1) to determine the accuracy of ancestry estimates from mtDNA databases and assess their utility in building
upon ancestry estimates (both anthropological and visual), and (2) to determine their efficacy in estimating an individual’s region of origin, especially
in individuals who are potentially migrants. This research also highlights the benefits of collaboration between the forensic science disciplines, as
demonstrated by the Forensic Anthropology and Forensic Biology Units at the New York City Office of Chief Medical Examiner (OCME).

The test sample consists of 41 OCME cases of identified (20) and unidentified (21) individuals for whom an mtDNA profile was developed. The sample
consists of 19 cases in which ancestry was visually assessed and 22 cases in which ancestry was anthropologically estimated using macromorphoscopic
traits and craniometrics. An additional 11 OCME staff members were included for quality control measures.

The mitochondrial sequences of each individual were searched through the European DNA Profiling Group (EDNAP) mtDNA Population Database
(EMPOP) mtDNA online database, v3/R11. The haplotype lineages and region of origin predictions produced by EMPOP were then compared to the
ancestry estimates. All mtDNA sequences and anthropological ancestry estimates were generated by the Forensic Biology and Forensic Anthropology
Units at the OCME.

Results revealed 83% (34/41) overall agreement between the haplotypes derived from the EMPOP database and the visual and anthropological estimates
of OCME cases. Comparison of the mtDNA results with visually assessed ancestry revealed 89% agreement (17/19), while comparison with
anthropologically derived ancestry estimates revealed 77% agreement (17/22). Of the anthropology cases in which the two methods yielded conflicting
ancestral predictions, approximately 40% exhibited incomplete/damaged crania and 40% exhibited morphoscopic traits/craniometrics consistent with
multiple ancestral groups. For all known/identified individuals, 6 of 7 anthropological ancestry estimates and 19 of 20 haplotype predictions overlapped
with the individual’s confirmed ancestry. Individuals of confirmed “Hispanic” and “Middle Eastern” ancestry may exhibit either African, Asian, or
European haplotypes and, therefore, any of these haplotypes would be considered overlapping with a “Hispanic” or “Middle Eastern”
visual/anthropological assessment. An additional 11 OCME staff members were tested for quality control measures, and 9 of these individuals exhibited
haplotypes that matched their confirmed ancestry.

The OCME dataset includes 8 individuals with known region of origin, which was confirmed through discussions with families and foreign consulates
during the identification process. The haplotype density maps produced by EMPOP overlapped with the region of origin in 6 of the 8 cases. A quality
control test of 11 OCME staff members demonstrated overlap in regions highlighted on the map in only 6 individuals. Maps for individuals with
European and African maternal lineages were diffuse and non-specific, while those of Asian maternal lineages, AfroCaribbean, as well as “Hispanic”
lineages from Central and South America were predicted with greater specificity.

Results indicate that mtDNA haplotype predictions could be a useful complement to the anthropological or visual ancestry assessment. These databases
are free and publicly available and, with the collaboration of forensic biology and anthropology experts, could provide additional investigative leads.
However, since mtDNA only reflects the maternal lineage and ancestral self-identification is complex, it is not recommended to use these databases
without collaboration with anthropologists and biologists. In certain cases, the EMPOP database density maps can add additional information that is
informative to the identification of potential migrants, especially those of Asian or Central and South American origins. Preliminary results indicate
that Y-chromosomal Short Tandem Repeat (Y-STR) databases also show promise in predicting ancestry and region of origin for unidentified male
individuals.

Ancestry Estimation, Mitochondrial DNA Ancestry Database, Unidentified Remains
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Al106 Using Mitochondrial DNA (mtDNA) -Derived Maternal Ancestry to Assist in Forensic Anthropology
Investigations of Deceased Unidentified Individuals From the United States-Mexico Border

Cris E. Hughes, PhD*, Department of Anthropology, Urbana, IL 61801; Charla Marshall, PhD, Armed Forces DNA Identification Laboratory, Dover
Air Force Base, DE 19902; Sonia E. John, University of lllinois at Urbana-Champaign, Urbana, IL 61801; Bruce E. Anderson, PhD, PCOME, Tucson,
AZ 85714

Learning Overview: The goal of this presentation is to demonstrate how mtDNA can be particularly useful for counties proximate to points of migrant
entry along the United States-Mexico border, where the preliminary questions asked by investigators include whether the individual is an
Undocumented Border Crosser (UBC) and an American citizen.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by demonstrating how forensic
anthropologists and investigators can apply mtDNA in an alternative manner to both produce useful investigative leads and compare forensic
anthropological estimates of ancestry.

MtDNA is commonly used in forensic cases of degraded DNA, such as at the Armed Forces DNA ldentification Laboratory and Pima County Office
of the Medical Examiner (PCOME), where unidentified individuals have been exposed to harsh or temporally elongated taphonomic processes. Because
mtDNA is non-recombining, it is primarily used for exclusions of family reference samples in casework, as the sequence variants are not unique to a
person but shared among maternally related individuals. Closely related mtDNA lineages with a shared evolutionary history are grouped into
mitochondrial haplogroups. The geographic structuring of mtDNA haplogroups entails that certain haplogroups are in higher frequencies in specific
areas than others. Population genetic studies have demonstrated a strong relationship between continental geography and mitochondrial haplogroups,
such that an individual’s haplogroup assignment can often be a proxy for maternal biogeographic ancestry.

Thus, mtDNA can be useful in some cases as an investigative lead by providing information about maternal ancestry.! The object of this presentation
is to demonstrate how mtDNA can be particularly useful for counties proximate to points of migrant entry along the United States-Mexico border,
where the preliminary questions asked by investigators include whether the individual is a UBC and whether they are an American citizen. UBCs are
typically of Mesoamerican and Central American origin, with UBCs from the Caribbean and South America less common. More rarely, the border is
a point of entry by individuals with ties to distant locations, such as the Middle East.? Current forensic anthropological ancestry estimation methods
from the skeleton emphasize the vast range of cranial variation exhibited by Latino populations; thus, it is often difficult to accurately estimate ancestry
from the skeleton alone, and having an additional data point such as maternal ancestry could produce a more definitive investigative lead.3-6

On average, Latino populations from common migrant-sending nations overwhelmingly exhibit mtDNA haplogroups of Native American origin, with
approximately 2%-10% exhibiting haplogroups not native to the Americas.”1° By understanding the population histories and mtDNA variation of
source populations (both common and uncommon) of UBCs, mtDNA haplogroups can assist investigators with their approach to an investigation. In
this presentation, attendees will learn how mtDNA can assist an investigation in two ways: differentiating UBC from non-UBC cases and differentiating
whether an individual is from a traditional or potentially non-traditional sending region. If hypothesizing that the majority of UBCs will have
haplogroups native to the Americas, then those individual cases whose mtDNA haplogroups are non-native should be flagged for consideration as a
non-UBC or non-traditional UBC case.

This study includes data on 340 cases from PCOME. Haplogroup calls were made using the European DNA Profiling Group mtDNA Population
Database (EMPOP) and confirmed by a qualified analyst. Based on known haplogroup frequencies of Latino populations, the hypothesis that
approximately 90%-98% of the PCOME UBC cohort will exhibit haplogroups native to the Americas was tested.”*0 Forty-seven cases exhibit non-
native haplogroups, the majority of which (n=36) are believed to be or identified as UBCs from Latin America. Therefore, approximately 10% of the
entire PCOME sample exhibits non-native Eurasian haplogroups, supporting the hypothesis. This study also explored the proposed pipeline of flagging
cases exhibiting non-native haplogroups as potential non-UBC or non-traditional UBC cases. Eleven of the non-native haplogroups belonged to cases
non-UBCs and were all identified as or believed to be White American citizens. Five of the non-native cases had haplogroups of African maternal
ancestry, and most of these were classified as UBCs, with forensic anthropological estimates of ancestry highlighting African or unsure ancestry. The
cases with non-native haplogroups believed to be/identified as UBCs were not unexpected, as most of the haplogroups associated with these cases were
documented in Spanish and/or Hispanic reference population samples by EMPOP; thus, regardless of the non-native haplogroup status, they are
consistent with Latino population history, including Spanish gene flow. The study results provided in this presentation demonstrate how forensic
anthropologists and investigators can apply mtDNA in an alternative manner to produce useful investigative leads.

The opinions and assertions presented hereafter are the private views of the authors and should not be construed as official or as reflecting the views
of the United States government.

Reference(s):

L Christensen Alexander. 2013. Sequence, Haplotype, and Ancestry: Using the Mitochondrial DNA Hypervariable Region to Predict Forensic
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Sabrina Ta’ala, 287-308. Boca Raton: CRC Press.

2 Robin Reineke, Personal communication to author, April 24, 2018.
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A107 New Methods for Forensic Age Estimation Based on Dental Development
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University of Texas Health Science Center, San Antonio, TX 78229; Ying Wu, DDS, PhD, Oregon Health Science University, Portland, OR 97201

Learning Overview: After attending this presentation, attendees will understand the role of population variation in dental development and its impact
on age estimation.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by presenting data on a large set of
radiographs exploring dental development in a diverse group within the United States. This research examines the role of various biological parameters
on dental development and presents new methods for age estimation in a forensic context in the United States.

Dental development is considered the most accurate method of age estimation in subadults because this process is less subject to external and
internal influences than skeletal development. However, research has suggested that dental development can be affected by secular change, sex, and
ancestry.® Therefore, it is problematic that the established methods for subadult dental age estimation in the United States do not accurately represent
the population to which they are applied. This project proposes new methods for age estimation based on a large, modern sample of United States
children representing various ancestry groups.

Using the scoring system developed by Demirjian et al., dental development was evaluated from 1,757 orthopantomograms of individuals ages 5-20
years taken between 1972 and 2017.7 Orthopantomograms were obtained from three sources: the James K. Economides Orthodontics Case File System
from the Maxwell Museum of Anthropology at the University of New Mexico; the School of Dentistry at the University of Texas Health Science
Center at San Antonio; and the Oregon Health Sciences University School of Dentistry. Age estimation methods that did and did not account for sex
and/or ancestry differences were created from a training subset of the total sample. Confidence Intervals (Cls) were created for each developmental
score for every tooth in the training sample. Additionally, linear models were created to estimate age from multiple teeth.

Overall, dental development among females is advanced compared to males, except in the third molar. Results also indicate that Hispanic individuals
tend to develop teeth more quickly when compared to European Americans. However, Cls based on all individuals are comparably accurate to, and
more precise than, Cls based on group-specific subsets (i.e., Cls divided by sex and ancestry). Further, linear models based on all individuals also
exhibit comparable accuracy and precision to those based on subsets divided by sex and ancestry. The group-specific models with the highest
performance measures, those based on females, males, European Americans, and Hispanics, are slightly more accurate and precise than models based
on all individuals and are therefore recommended when these parameters are known.

The methods presented here fill a void in the field, as this work represents the only current age estimation method using dental development derived
from a modern American population. Results suggest that general methods can be used without losing precision and accuracy, which is helpful in a
forensic context as it can be difficult to estimate sex and ancestry from juvenile skeletal remains.
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