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Preface

Forensic dentistry, like all the forensic sciences, has come a long way since
the publication of the last textbook on forensic dentistry. The editors would
like to thank the many students and other interested individuals who, over
the years, have asked questions that have stimulated some of the answers
found in this text. We appreciate the opportunity to share this material and
have assembled, we think, an outstanding list of contributors to this topic of
forensic dentistry.

We have included a chapter that will be most helpful to those who are
faced with a trial date or an aggressive attorney: “Survival Techniques in
Another World — The Courtroom”. We are indebted to William P. Bobulsky,
J.D.; Carol E. Henderson, J.D., Professor of Law, Nova Southeastern Univer-
sity; and Judge Ronald Vettel for their insights which were used to cover this
area. We have been told that this is a first in textbooks of this type.

Another chapter that we are excited about is “Buried Crime Scene Evi-
dence: The Application of Forensic Geotaphonomy in Forensic Archaeology”.
To our knowledge, this is also a first in a textbook on forensic dentistry.

The other chapters by our contributors are all excellent. A big thanks to
Judge Haskell Pitluck for permission to include his bite mark case citations —
another example of his caring and sharing with the forensic odontology
group and the forensic group overall. A hearty thanks also goes out to Dr.
Richard R. Souvironfor permission to use the Bundy material .

We owe a debt to the following individuals for information, assistance,
ideas, literary contributions, and just for “being there” to help us: Professor
Dennis C. Dirkmaat; Senior Development Engineer Nick N. G. Dong, M.D.;
Ronald H. Krasney, M.D., for ophthalmological consultation; Mrs. Leah Kre-
vit, one of the most helpful librarians we know; Jeffrey Hoover, D.M.D., who
is not only gifted as an endodontist but also in the use and correction of
written English as well; and to the members of the Division of Oral Pathology
who have allowed us the freedom to pursue this effort.

We recently ran across a quotation from Schopenhauer that may be
significant here: “Every man takes the limits of his own field of vision for the
limits of the world.”
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Thanks especially to our wives who have graciously given us the time to
assemble this text and to the University of Texas Dental Branch for use of
the library, photography service, etc.

Finally, we owe a tremendous debt of gratitude for the patience of the
publishers of this text.

Paul G. Stimson, D.D.S., M.S. 
The University of Texas Health Science Center at Houston, 
Dental Branch.

Curtis A. Mertz, D.D.S. 
Ashtabula, Ohio.
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The Editors

Paul G. Stimson, D.D.S., M.S., is Professor in the Division of Oral and
Maxillofacial Pathology in the Department of Stomatology at The University
of Texas Health Science Center at Houston Dental Branch. He received his
dental degree from Loyola University in Chicago and his Master of Science
in General Pathology from the University of Chicago. He is board certified
in Forensic Odontology and Oral Pathology. Dr. Stimson has been a faculty
member and lectured at the Armed Forces Institute of Pathology in the
Forensic Dentistry Course since 1968 and has been on the faculty and served
as course consultant for the Southwest Symposium on Forensic Dentistry
during their last thirteen symposiums. During the past two symposiums he
also served as Course Co-director. He was co-editor, with Dr. S. Miles
Standish, of the Dental Clinics of North America issue directed to forensic
dentistry. Dr. Stimson is a charter member and has served in the offices of
the American Society of Forensic Odontology, from secretary-treasurer to
president. He has also served the on the board of the American Board of
Forensic Odontology (ABFO) as secretary-treasurer, vice-president, presi-
dent-elect, and president. Until recently, Dr. Stimson was Chairperson of the
Civil Litigation Committee for the ABFO. He has served on the Education
Committee of the American Academy of Forensic Sciences and is presently
the parliamentarian for the ABFO and past parliamentarian for the Houston
Society of Clinical Pathology.

Dr. Stimson is an editorial consultant for the Journal of the American
Dental Association, and has been for many years. Dr. Stimson has many
publications and presentations in the field of oral pathology and forensic
odontology, lecturing extensively in the United States, Canada, Mexico,
England, and the Scandinavian countries. He has both testified and consulted
in numerous bite mark homicide cases, personal injury cases, and standard-
of-care cases for both the prosecution and the defense. He recently did the
necessary dental identifications in the Phillips Refinery explosion and fire in
Pasadena, Texas, resulting in the identification of 14 of the 24 deceased
victims by dental means. Dr. Stimson is presently a consultant in Oral Pathol-
ogy to M. D. Anderson Cancer Center Hospital and the Houston Veterans
Hospital in Houston. He has been the forensic dental consultant to the Harris
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County Medical Examiner’s Office since 1968. His honors include: Jurispru-
dence Section Award, American Academy of Forensic Science (1991); Who’s
Who in America, Southwest Section; Who’s Who in Houston; Who’s Who in
Health Care, First Edition; Who’s Who in Science and Engineering, Second
Edition; Omicron Kappa Upsilon (Faculty Member); Fellow American Acad-
emy of Oral and Maxillofacial Pathology (by examination); Fellow, American
Academy of Forensic Sciences. His most recent award was the Odontology
Section Award of the American Academy of Forensic Sciences “In Recognition
of Service to the Field of Odontology” at their annual meeting in Nashville,
Tennessee in February, 1996.

Curtis A. Mertz, D.D.S., attended the University of Texas in Austin and
received his dental degree from Ohio State University in Columbus, Ohio.
Dr. Mertz then served as a fellow in Oral Diagnosis and Oral Diagnosis and
Oral Surgery at the Cleveland Clinic. He continued his education at Kent
State University. Dr. Mertz was Chief Executive Officer and guided a large
group of dental specialists in a private practice in Ashtabula, Ohio. This was
the first such practice of its kind in the United States at the time of its
inception in 1946. Dr. Mertz was instrumental in the founding of the various
specialty boards under the auspices of the Law Enforcement Assistance
Administration (LEAA) grant from the Federal Government. The first certi-
fying board to be created was the American Board of Forensic Toxicology in
1975, followed by the American Board of Forensic Odontology (ABFO) in
1976, and then the American Boards of Forensic Document Examiners and
Forensic Anthropology in 1977. Other specialty certifying boards soon fol-
lowed. Dr. Mertz was elected as the first president of the ABFO shortly after
it was founded and served for two years. He presently sreves as a forensic
odontologist on the Disaster Mobilization Operational Readiness Team
(DMORT) for Region VII, which was created under the Federal Emergency
Management Association (FEMA), U.S. Department of Health and Human
Services. He is also a consultant in Forensic Dentistry for the Armed Forces
Institute of Pathology, and a contract consultant in Human Factors Group
of the Federal Aviation Administration (FAA) and the National Transporta-
tion and Safety Board (NTSB). Dr. Mertz is a consultant and postgraduate
lecturer in the Department of Forensic Anthropology at Mercyhurst College
in Erie, Pennsylvania. He is also a consultant to the Pennsylvania State Police.
Dr. Mertz also serves as forensic dental consultant to many state and local
law enforcement agencies in Ohio and the surrounding states. He belongs to
many professional groups and has multiple hospital affiliations and served
on active duty in the Army during World War II. Some honors he has received
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are: American Academy of Forensic Science Charter Member Award, 1986;
American Board of Forensic Odontology President’s Award, 1976 and 1979;
American Society of Forensic Odontology Founder’s and Second Presidential
Award, 1970; American Academy of Forensic Sciences, Odontology Section
Award in Recognition of Outstanding Contributions to the Forensic Sciences,
1986; Distinguished Faculty Award, Forensic Dentistry Courses, Armed
Forces Institute of Pathology, 1989 and the American Academy of Forensic
Sciences Jurisprudence Section Award, 1991. He has lectured in Africa, Israel,
North and South America, and Asia (People’s Republic of China) on forensic
dentistry and the handling of mass disaster victims following any type of
extreme tragedy. He has published numerous articles on both practice man-
agement and forensic dental subjects. His most recent award was the Odon-
tology Section Award of the American Academy of Forensic Sciences “In
Recognition of Service to the Field of Odontology” at their annual meeting
in New York, in February 1997.
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This book is dedicated to the late William F. Maples, Ph.D. in appreciation
of his pioneering work during the formative years of the odontology section
in the American Academy of Forensic Sciences and the American Board of
Forensic Odontology. We are grateful to Dr. Maples for his devotion and the
unselfish amount of time and teaching he gave to forensic dentistry to assist
in identification problems.

Others who should also be mentioned are Drs. Ellis Kerley and Clyde
Snow. The requests from Drs. Maples, Kerley, and Snow for assistance from
qualified forensic dentists helped to alert medical examiners, coroners, pros-
ecutors, defense attorneys, and the judicial bench as a whole to the complexity
and need of human identification by dental means. The late Jay Schwartz, as
a member of the jurisprudence section, was also a great help in this area.
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1Scientific Methods 
of Identification

GLENN N. WAGNER

Introduction

Forensic identifications by their nature are multidisciplinary team efforts
relying on positive identification methodologies as well as presumptive or
exclusionary methodologies. Typically, this effort involves the cooperation
and coordination of law enforcement officials, forensic pathologists, forensic
odontologists, forensic anthropologists, serologists, criminalists, and other
specialists as deemed necessary. In each discipline, there is the need to develop
scientific evidence relative to the questions of fact regarding identification in
a defensible manner grounded on general rules of acceptance, reliability, and
relevance. Most techniques applied are used by all or most of the disciplines,
often for slightly different purposes.

In the forensic sciences, a great deal of effort is spent on the identity or
confirmation of identity of the victim(s) and perpetrator(s). This labor inten-
sive aspect of a medicolegal investigation focuses on the six major questions
asked in any such forensic investigation:

1. Who is the victim?
2. What are the injuries?
3. How were the injuries sustained?
4. Where did the injuries occur?
5. When did the injuries occur?
6. If the injuries were caused by another person, by whom?

Each of the questions are co-related. Most investigations involve several
“autopsies”, one of the victim(s), one of the scene, and one of the circum-
stances of injury and/or death. These “autopsies” are designed to discover
and preserve evidence, document that evidence, analyze that evidence, and
apply that evidence towards reconstructing the events leading to the injury
and/or death. Most such investigations focus on physical evidence that is
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deposited or transferred from victim to perpetrator and vice versa. This
presumed relationship is known as Locard’s principle and is the basis for
much of what is attempted in the fields of criminalistics and forensic chem-
istry. The development and application of molecular biology techniques,
especially DNA profiling, reflects this principle and the current reliance on
technology in medicolegal investigations.

Identification Parameters

Legal certification of an individual’s identity is based on a number of param-
eters most of which are centered about the individual’s appearance and
personal effects. As such, many persons are buried or cremated based on a
visual identification or other presumptive identification methods. Where
possible, a positive identification is preferred to a presumptive identification
in such medicolegal cases. Positive identifications traditionally involve a com-
parison of pre- and postmortem data which are considered unique to the
individual. These methods include: (1) dental comparisons, (2) fingerprints,
palm prints, and footprints, (3) DNA identifications, and (4) radiographic
superimpositions (vertebrae, cranial structures including frontal sinuses, pel-
vic structures, bone trabeculae, and prostheses). Presumptive identifications
which include visual recognition, personal effects, serology, anthropometric
data, and medical history do not usually identify unique characteristics of
the individual but rather present a series of general or class characteristics
which may exclude others based on race, sex, build, age, blood group, etc.
Most positive identifications today are based on dental examinations and
fingerprints and are fundamental procedures in medicolegal death investiga-
tions including mass disasters. The development of DNA analysis is providing
investigators with yet another very important tool in the identification pro-
cess.

Forensic Odontology

Forensic odontology has three major areas of utilization: (1) diagnostic and
therapeutic examination and evaluation of injuries to jaws, teeth, and oral
soft tissues, (2) the identification of individuals, especially casualties in crim-
inal investigations and/or mass disasters, and (3) identification, examination,
and evaluation of bite marks which occur with some frequency in sexual
assaults, child abuse cases, and in personal defense situations.

The odontological identification examination of a decedent is based on
a systematic comparison of the pre- and postmortem dental characteristics
of the individual based on the dental record and supporting radiographs
(apical films, panographs and medical skull films). A variety of techniques
can be used to narrow the search and are based on presumptive identification
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data which are often sorted with computer assistance. The final identification
is based on validation of the premortem data and their comparison with the
postmortem data. Any discrepancies between the two records must be
explained. Most dental examinations of this nature rely heavily on the pres-
ence of restorations as well as the structure and relationship of one dental
structure to another. This comparison can be complicated by any attending
trauma or by the absence of adequate premortem dental information. It is
also noteworthy that many individuals enter adulthood without dental res-
torations due to the institution of fluoride treatments and better oral hygiene.
This increasing circumstance complicates dental identification efforts espe-
cially when computerized databases are used such as CAPMI (computerized
assisted postmortem identification system) which tabulates restorations and
missing teeth as sorting parameters.

In problem cases, a variety of techniques are used to assist in the iden-
tification issue. These include (1) amino acid racemization studies, especially
aspartic acid, (2) incremental line and other histology studies, (3) scanning
electron microscopy with and without energy-dispersive X-ray analysis, (4)
metal ratio analysis in bone and teeth, (5) serology studies for blood groups,
serum proteins, and polymorphic enzymes, and (6) most recently, DNA
analyses. Ideally, any such analyses should not completely destroy the struc-
ture(s) since any challenges to the identification may require additional and
often independent testing.

Every such identification effort requires an understanding of the available
testing methodologies (literature and practical experience), the expected
function of such testing, and its limitations.

Ancillary Technologies

Age Determinants

Aspartic acid racemization has been used for age estimation based on its
presence in human dentin. This technology applied to dental forensic issues
is a spinoff of paleontology studies on fossil bone and shells. Most protein
components in the body consist of L-amino acids, whereas D-amino acids
have been found in bones, teeth, brain, and the eye’s crystalline lens. D-amino
acids are believed to have a slower metabolic turnover and subsequently a
slower decomposition rate. Aspartic acid has the highest racemization rate
of all of the amino acids. In 1976, Helfman and Bada2 used this information
to study age estimation by comparing D/L aspartic acid dental ratios in 20
subjects with good results (r = 0.979). A high coronary D/L ratio was noted
in the younger age group, decreasing with age presumptively due to environ-
mental changes. The tooth sectioning was transverse in the Helfman and
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Bada study. In 1985, Ogino et al.3 reported this application in forensic odon-
tology specimens for age determination at the time of death. In 1990, Ritz
et al.4 reported on the extent of aspartic acid racemization in dentin for age
determination at the time of death, concluding that this methodology could
provide a more accurate determination of age than other aging parameters.
This determination was based on a linear regression equation: ln (1 + D/L)/(1
– D/L) = 2k (Aspartic)t + constant, where k = 1st order kinetics and t =
actual age. In 1991, Ohtani and Yamamoto5 studied this aspartic acid rela-
tionship using longitudinal sections, with better results (r = 0.991). The teeth
used in this study were the lower central incisors and first premolars. Sub-
sequently, they found that better age estimations could be achieved with
fractionating the total amino acid fraction (TAA) into an insoluble collagen
fraction (IC) and a soluble peptide fraction (SP). As compared to the total
amino acid assay or the insoluble collagen fraction, the soluble peptide frac-
tion had higher concentrations of aspartic acid and glutamine, both hydro-
philic acids. Ohtani and Yamamoto concluded that there was good
correlation between Asp D/L and actual age expressed by a reversible linear
equation for IC and SP as well as TAA and that SP appeared to provide the
most reliable age estimation because of a high racemization rate — roughly
three times that of TAA. The technique requires longitudinal sectioning of
the tooth and removal of the dental pulp, washing with 0.2 M hydrochloric
acid, distilled water (×3), ethanol, and ether (5 min each) and then powdering
in an agate mortar. Fractionation and extraction was accomplished by adding
1 ml of 1 M HCl to 10 mg of powder and then centrifuge at 5000 rpm for
1 hr at 5°C. The ratios were then quantitated by gas chromatography using
N-trifluoroacetyl isopropyl ester derivatives and a helium carrier gas. These
studies yielded age estimations within three to four years of actual age.

Dental histology has been used for age estimations as well, largely based
on the work of Gustafson.6,7 Maples8 in 1978 reported on an improved
technique of using dental histology for estimation of adult age by using
multiple regression analyses based on Gustafson’s parameters of attrition,
paradontosis, secondary dentin, cementum, root resorption, and root trans-
parency. He concluded that multiple regression analyses allowed improve-
ment of age estimation in adult human teeth with more precision and less
variables. He also noted that the second molar (position 7) was the best to
use for histological aging techniques and that dental aging can be used in
the same way as epiphyseal fusion, osteon aging, cranial sutures, and changes
in the pubic symphysis have been used in contemporary and prehistoric
populations for aging purposes. Maples and Rice 9  in 1979, however, reported
on persistent difficulties in the Gustafson dental age estimations despite
relatively accurate and easy ways to determine ages of mineralization, crown
completion, eruption and root completion, which are usually complete by
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age 30. The difficulties appeared to be those of statistical errors in the pub-
lished articles.

In 1991, Skinner and Anderson10 reported a case study involving the
recovered cranium of a native Indian child in British Columbia, Canada in
which individualization and enamel histology was used for identification
based on the presence in the dental enamel of the primary and secondary
dentition of stress markers, termed striae of Retzius, which could be corre-
lated with known stressors in the life of the presumed missing child. Incre-
mental brown striae in the enamel of teeth were described by Anders Retzius
in 1837. Gustafson demonstrated in 1955 the similarity in incremental lines
between contralateral pairs of teeth from a single individual. Since 1963,
Boyde has been the best-known proponent of the methodology.

Cook11 described a case in which this technique was used against other
estimators of age based on pathological findings at autopsy, radiographical
evidence, and anthropological data. She noted that a number of studies had
been done using Gustafson’s criteria on the six parameters used (attrition,
secondary dentin deposition, paradontosis, cementum deposition, root
resorption, and root transparency) with each parameter scored from 0 to 4
based on equal weight. The resulting scores were compared against known
age by linear regression relative to age variance.12-17 These studies showed
reasonable consistency in confidence levels but an age variance of 7 to 15
years. In summary, incremental line analysis appears to complement these
histological studies and could be added to dental eruption data, at least in
younger populations, with good results.

The premise for incremental line analysis in identification efforts is based
on the fact that these lines have the same pattern in an individual whose
enamel formed at the same time in a given dentition. The different teeth
developing in one individual give the same pattern of incremental lines which
is distinct from that of another individual, in effect creating a “fingerprint”
of enamel development specific to the individual.

Incremental line analysis is usually done on ground sections of longitu-
dinally sectioned dentition which results in the destruction of the dental
structures. The Skinner and Anderson10 study is unique in that ground sec-
tions were not used. Reconstructed crowns were embedded in crystal clear
polyester casting resin with Fiber-tek catalyst and allowed to cure. They were
then longitudinally sectioned at 180 to 200 µm with a Buehler-Isomet
low-speed saw with a diamond wafering blade. The mounted sections were
examined and photographed at ×20 magnification with ordinary and polar-
ized light. Composite photographs were then created showing the entire
labial/buccal enamel to homologize striae between teeth.

Limitations in incremental line age determinations appear age depen-
dent. Lipsinic et al.18 studied the correlation of age and incremental lines in
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the cementum of human teeth and found that direct predictions of age based
on these lines generally underestimated the age of older specimens. There
was, however, correlation between the number of lines and age. These authors
concluded that such studies would have greater usefulness if a large enough
population group was studied and that a computer-generated formula
resulted.

As a side note, age can be estimated by histological evaluation of osteons
in bones. Kerley20 in 1965 reported on his success with microscopic age
determinations in cortical human bone. In 1978, Kerley and Ubelaker21 pub-
lished a revised method based on the same technique. Both involve use of
ground sections and osteon counts. This technique is in common use in
anthropology laboratories. Singh and Gunberg22 applied this methodology
to mandibular bone sections with good results, suggesting that combining
bone section histology with dental histology provides a valuable comparative
age determination in unknown remains.

Dental Structure Identification

Scanning electron microscopy with and without energy-dispersive X-ray
analysis has been used to identify teeth by dentinal tubules and evidence of
previous restorations especially in incinerated remains.

Carr et al.23 in 1986 reported a case in which the scanning electron
microscope was used to confirm dentition in recovered remains from the
burned wreckage of a gasoline truck involved in a transportation mishap.
Recovered tooth fragments were carbonized and not morphologically recog-
nized as teeth. The desiccated specimens were mounted on aluminum stubs
using silver paint, coated with gold-palladium in a sputter-coater, and viewed
and photographed on a Joel T-300 SEM at an accelerating voltage of 20 kV.
Identification of the specimens as dentition was based on the presence of
dentinal tubules. The investigators noted that in addition to dentinal tubules,
SEM provided evidence of tool marks and other defects. Use of SEM with
EDX provided a profile of elements present which may identify a particular
type of dental material. Fairgrieve24 in 1994 reported a similar case involving
SEM on incinerated teeth to evaluate parallel striations in tooth enamel and
dentine as evidence of previous dental restorations.

Smith25 in 1990 reported the application of SEM with EDS (energy-
dispersive X-ray fluorescence spectrometry) analysis on MIA remains from
southeast Asia based on examination and analysis of proximal facets. The
author concluded that this technique had potential for detecting residual
restorative materials in facet areas and in determining the existence and com-
position of unrecovered adjacent restorations. Smith also noted that this pre-
liminary study indicated that it was possible to detect restorative material residue
on the proximal surfaces of unrestored teeth and indicate the antemortem
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existence of a restoration on the adjacent tooth surface. This knowledge could
be valuable in presumptive identifications where the teeth with critical res-
torations were not recovered with the primary remains, but teeth proximal
to those with restorations were present.

Sorting by Metal Ratios

In 1986, Fulton et al.26 reported on the use of metal ratios in the reassociation
of scattered and mixed human bones. This work, conducted at Kansas State
University, relied on published work on trace elements present in bone in
archaeological materials, especially the work of Lambert et al.,27 who
attempted to relate bone metal ratios with diet. A total of 11,958 individual
element determinations were made by atomic absorption and neutron acti-
vation. Concentrations of 21 elements sampled at 54 places in 30 human
bones in each of 5 human skeletons indicated that there were sufficiently
consistent metal ratios in bone specimens within an individual to reassociate
fragmented remains yet they varied with sufficient discrimination from other
individuals to be a useful sorting tool. The magnesium/zinc ratio was the
most reliable, with zinc/sodium, magnesium/sodium, and chro-
mium/sodium ratios useful supplemental comparative studies. Furthermore,
individual trace elements such as arsenic complement this sorting process
effort. The authors concluded, however, that this ancillary procedure did not
provide sufficient individuality to be used alone, but was a valuable adjunct
to standard anthropological techniques typically used for sorting commin-
gled remains.

Serological Parameters

Forensic serology has been applied to odontological investigations with rea-
sonable success. In dental pulps, ABO blood groups and serum proteins Gm,
Km, and Gc are present as well as eight polymorphic enzymes (PGM, PGD,
ADA, AK, EsD, Fuc, DiA3, and transferrin).

Kido et al.29 in 1993 reported on the use of transferrin C subtyping by
isoelectric focusing electrophoresis in dental pulps. Sensitive immunoblot-
ting techniques had previously identified transferrin subtypes in urine, blood
stains and semen. The Kido et al. study showed good correlation between
serum and dental pulp specimens.

In 1993, Lopez-Abadia and Ruiz de la Cuesta30 reported a simplified
method for phenotyping alpha-2-HS glycoprotein in serum, bloodstains, and
dental pulp using isoelectric focusing electrophoresis on neuramidase-treated
specimens, with excellent results.

Although DNA studies are replacing many of the serological techniques
applied to identification efforts, these techniques provide useful sorting data
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in relatively short periods. Serology continues to play an important role in
reassociation efforts in mass disasters, transportation mishaps and explosions
when DNA analysis is not readily available or involves a lengthy delay, often
up to several months. Serology studies are especially useful when joined with
anthropological and odontological methodologies. To get access to the dental
pulp, if this is the primary source of the serological material, the tooth must
be crushed or sectioned. Many of the techniques used have their basis in
similar studies on bone specimens.

Lee et al.31 in a series of articles reported on their successes in determining
genetic markers in human bone including ABO and IGH grouping using a
combination of absorption-elution and two-dimensional absorption-
inhibition methodologies. In these studies, bone was cleaned, powdered, then
extracted with PBS (phosphate buffered saline) at pH 7.2. They found that
the combination of methodologies was more successful than either technique
alone.

Like dental histology techniques for aging, a combination of dental and
bone serological studies would prove complementary if needed, especially in
reassociations. DNA profiling methodologies, like restriction fragment length
polymorphism (RFLP) analysis offer similar opportunities but because of
DNA degradation often require PCR (polymerase chain reaction) analysis
for amplification of allele-specific areas and subsequent study.

Odontoanthropology

For a number of practical reasons, many forensic odontologists have resisted
pressures to characterize an unknown dentition by age, race, or sex except
in general terms. Lasker and Lee33 and Aitchison,34 often referenced, both
described racial traits in the human dentition. Even aging methodologies
appear equally shared among forensic odontologists, anthropologists, pathol-
ogists, and often radiologists. Both anthropologists and radiologists rely
heavily on radiographic evidence of aging, dental eruption patterns, and
changes in the facial structures with age such as the angle of the mandible,
zygomatic arches, and lateral pterygoid plates. Harris and McKee35 in 1990,
studied tooth mineralization characteristics in blacks and whites from the
southern U.S. in individuals ranging in age from 3.5 to 13 years. They found
that females develop more rapidly than males, and that blacks are nearly
twice as sexually dimorphic (7.2%) as whites (3.7%). Within each sex, blacks
achieved mineralization stages significantly earlier, by approximately 5%,
than whites. Anthropologists also appear more eager to use a variety of
observations to assist them in obtaining a dental age with a skeletal age for
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comparison. Sexing parameters generally in use involve classical anthropo-
metric measurements.

Rogers36 in the Testimony of Teeth: Forensic Aspects of Human Dentition,
reviewed the efforts of many authors to use the human dentition for deter-
minations of age, sex, race, and individualization. He focused on several
useful categories: (1) heredity — size and genetic peculiarities, (2) wear char-
acteristics, (3) pathology — caries and periodontitis, and (4) restorations —
dental fillings and prostheses such as crowns, bridges, and dentures. This
approach represents a composite analysis of general features and is useful for
presumptive sorting of unknown remains.

In 1976, Burns and Maples37 reported on three parameters of dental
aging: formative, degenerative, and histological. The formative parameter
includes tooth mineralization, crown completion, eruption of the crown, and
complementary roots. Degenerative measurements include tooth wear, tooth
color, and periodontal attachments. Histological assessments include the
degree of secondary dentin deposition, cementum apposition, root resorp-
tion, and root transparency. The histological measurements and grading
follow Gustafson’s efforts.

In 1978, Taylor38 published a text on variation in tooth morphology
relative to anthropologic and forensic aspects which emphasized the struc-
tural qualitative rather than quantitative differences of teeth and dentition.
This text complements that of Rogers36 and would be a useful reference in
odontoanthropology studies. Taylor, in studying variations in dental patterns,
suggested six parameters for evaluation:

1. Type of tooth structure — family characteristics,
2. Personal characteristics found throughout a dentition — crowns,

occlusal ridges, cusps, and root robusticity, as well as branching pat-
terns, furcation, and fusion,

3. Imposed characteristics based on the anatomical relationships of the
crowns and roots,

4. Complexity factors such as tubercles, pits, additional ridges, grooves
and fissures,

5. Acquired characteristics resulting from differences during tooth for-
mation such as hypoplasia, pathology, trauma, function, personal hab-
its, and restorations, and finally

6. Ethnic considerations.

Rogers and Taylor, both anthropologists, rely heavily on general dental
structural characteristics and their relationship to the environment and cul-
tural modifications.
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Sex Determinants

Sex determination based on dentition is difficult for most forensic investi-
gators. Sex differences in dentition are based largely on tooth size and shape.
Male teeth are usually larger, whereas female canines are more pointed and
a narrower buccolingual width. There also appear to be greater differences
in size between maxillary central and lateral incisors in females as compared
to males. Side-stepping metric differences, Seno and Ishizu39 reported in 1973
on the use of the Y chromosome in dental pulp to determine sex differences.
Success in sexing unknown remains based on this technique have resulted in
several published accounts. In 1984, Mudd40 reported on the use of the Y
chromosome in hair specimens. Sundick in 1985 reported on sex determi-
nation by Y chromosome detection in unidentified remains at the annual
meeting of the American Academy of Forensic Sciences in Las Vegas. Each
of these studies involved the detection of the Y chromosome using quinacrine
and fluorescent microscopy. This microscopic approach to sexing would
appear more reliable to the forensic odontologist than metrics, at least on
difficult, incomplete remains.

More recently, there have been a number of articles in the forensic
literature41-44 reporting the successful isolation of sex-specific banding pat-
terns in DNA profiles of the X and Y chromosomes developed from fresh
and degraded specimens. All reports indicate the need for high molecular
weight genomic DNA.

Racial Determinants

Race determination in skeletal remains traditionally focuses on craniofacial
characteristics such as the proportions of the orbital and nasal areas, nasal
aperture characteristics, lower nasal border features, lower facial prog-
nathism, palate form, cheekbone contours and incisor shoveling. St. Hoyme
and Iscan45 in 1989 reviewed the determinants of sex and race relative to
accuracy and assumptions in Reconstructions of Life From the Skeleton. For
each of the osteological clues, they pointed out the need to consider:

1. Its basic etiology: whether it is primarily biochemical, hormonal, or
activity-related in order to predict its variation pattern,

2. Its range of variation by sex in various racial/ethnic groups,
3. Its manifestation by age: the age at which it appears and its pattern of

change from childhood to old age,
4. How it is influenced by health, nutrition, occupation, or other cir-

cumstances of an individual’s life,
5. Whether there are secular changes in its expression, and
6. Whether the characteristics are real, but temporary.
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From a dental perspective, both the mandible and dentition reflect racial
characteristics. Projecting chins are found in Europeans and some Asiatics.
Rounded, almost receding, chins are found in Australian aborigines and in
some South Pacific Islanders. Most African and Afro-American chins are
intermediate. General jaw shape corresponds with general skull shape. Prog-
nathous palates are associated with long, narrow mandibles with low rami;
whereas large bizygomatic widths with wide mandibles have deep rami and
significant gonial flare. The greatest eversion is found in Eskimos and Amer-
indians. Rocker jaws seem associated with Hawaiian crania. These general
characteristics reflect relative ethnic dental markers.

According to these authors, the most useful racial clue in dentition is
“shovel-shaped” incisors found in most Asiatic Mongoloids and Amerindians
and in less than 10% of whites and blacks. Tooth size and shape including
shovel tooth incisors, Carabelli’s cusp or tubercle, enamel pearls, and dental
pulp shape (taurodontism vs. cynodontism) have been listed as racial deter-
minants.

Carabelli’s tubercle or cusp is an anomalous cuspule on the mesiolingual
surface of maxillary incisors appearing in 50% of American whites, 34% of
Afro-Americans, and 5 to 20% of Amerindians. Taurodontism or “bull tooth-
ness”, especially in maxillary molars, enamel pearls on premolars, and the
frequent congenital lack of upper third molars, are commonly noted features
in Mongoloids.

The form of the palate and the shape of the dental arches are subject to
considerable variation. Stewart in 1946 described these forms as ovoid,
“U”-shaped, and horseshoe-shaped. Martin and Saller in 1956 described
these forms as semicircular, half ellipse, paraboloid, and broken angular line.
The proportions of the palate and the associated dental arches are indicated
by the palatal index, the ratio of the width to the length of the palate
(width/length × 100). The resulting decimal fraction approaches 100.0 as the
palate becomes wider and shorter. The anthropometric divisions of this index
are below 80, 80 to 85, and above 85. An index of less than 80 indicates an
elongated narrow palate typical of aboriginal Australians, Kaffirs and Zulus.
Most Europeans and Amerindians have middle to high indices whereas
numerous Orientals and some Pacific islanders have high palatal indices,
indicating a short, rounded palate.

In general, there are large-toothed and small-toothed races. Aboriginal
Australians, the Melanesians, and the American Indians including the Eski-
mos tend to be large-toothed, with wide crowns. The Lapps and Bushmen
are small people with small teeth. American blacks tend to have large crowns.

Skull measurements have been used by many examiners as a basis for
racial determination. In South America, the Bonwill triangle, an equilateral
mandibular triangle connecting the apex of the mesial contact areas of the
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two central mandibular central incisors with the two mandibular condyles,
has been used on the assumption that the studied population groups are not
mixed and retain consistent hereditary characteristics.48 According to Stew-
art,46 metric means of cranial race determination usually follow the discrim-
inant analyses of Howells and Giles-Elliot.

Dental decay and occlusal wear, often attributed to advancing technology
and increased carbohydrate consumption, are not confirmed when a number
of groups are studied such as prehistoric Amerindians, or Southeastern
Asians, and ancient Hawaiians. However, cultural usages are often helpful
such as black stains from betel nut consumption in Indonesia and other
southeastern Asian regions or teeth with excessive slanted wear resulting from
pulling fibrous, siliceous fern fronds in native peoples from South Pacific
areas. Removal, modification, or decoration of anterior teeth can be useful
indicators of sex or race. These cultural characteristics often reflect geo-
graphic ethnic patterns.

These craniofacial and dental issues take on some relevance when efforts
are made to reconstruct likely visages based on skeletal craniofacial charac-
teristics. Caldwell49 described four current methods of facial reconstruction:
(1) modeling in clay directly on the skull (three-dimensional), (2) construc-
tion of artists’ drawings (two dimensional), (3) restoration of disrupted or
damaged tissues, and (4) photographic or portrait superimpositions.

Webster et al.50 reported on the identification of human remains using
photographic reconstructions in two methods, comparative and superimpo-
sitions. This report used photographs, portraits, and dental studies to con-
firm the identifications. It is noteworthy not only for its success but also
because it utilized several complementary methods of identification.

The process of facial restoration and the importance of physiognomic
details is well known, largely based on the work of Krogman,51 and has been
used since by a number of forensic investigators, especially anthropologists
and police departments, with reasonable success.52-55

Caldwell49 also compared the facial reconstruction studies of Rathbun
et al.,56 Lenorovitz and Sussman,57 and Zavala.58 Rathbun et al. emphasized
the eyes, lips, nasal form, and hair style as the most significant facial features
in recognition. Lenorovitz and Sussman listed skin, hair, skin color, ears, face
shape, eyebrows, eyes, nose, lips, eye color, chin age, and cheeks in order of
importance to visual recognition. Zavala expanded that list twice-fold. These
characteristics are also the same features which composite computer or over-
lay techniques such as the Identikit utilize in facial reconstructions. These
efforts have also led to further computerized techniques such as computer
age progression studies which have proven to be a valuable identification
technique in missing persons investigations. Fierro59 discussed this technique
in a comprehensive review of human identification problems in unknown
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decedents and the variety of techniques used to resolve these problems.
Computer age progression has been actively used by the FBI and by the
National Center for Missing and Exploited Children. In contrast, computer-
ized regression studies, that is, taking a visage and scientifically relating it to
earlier ages of the individual are not currently available.

Forensic Odontological Databases

Applications in Mass Disasters

Forensic odontology plays an important role in medicolegal death investiga-
tions in mass disasters, especially transportation mishaps such as aircraft
accidents where fragmentation and thermal injuries are common. A consis-
tent effort has been made to computerize much of the data to improve
comparative efforts. The Department of Defense uses two important data-
bases in its forensic odontological identification efforts: (1) a pantomorpho-
graph registry currently housed in Monterey, California which is periodically
updated by copies of pantomorphographs in each servicemember’s dental
record, and (2) widespread use of a temporary computerized identification
sorting tool known as CAPMI (Computerized Assisted Postmortem Identi-
fication System) developed by the U.S. Army Dental Research Institute. Lor-
ton et al.60-62 have reported on this system and its applications based on 35
combinations of restored tooth surfaces and missing teeth. A subsequent
study using CAPMI on some 7030 soldiers of dental characteristics useful
for identification by Friedman et al.62 concluded that restoration identifica-
tion and comparison showed a high degree of specificity. CAPMI has since
been expanded to include a considerable number of anthropological mea-
sures as well. The civilian version of this program has reportedly met with
mixed results. Several other dental computer sorting systems have been devel-
oped and are in beta testing. Current interest in the digitalization of radio-
graphs for teleradiology and telemedicine purposes and its potential
application to dental radiographs such as pantomorphographs, especially in
established databanks, should improve such dental databases and provide an
important tool in decedent identification efforts. This digitalized image
retrieved from a databank could be compared with actual pantomorpho-
graphs and apical films in the victim’s dental record as a validation means
of premortem identification and then compared with postmortem dental
records developed during the investigation. Forensic dental identifications
remain the primary means of victim identification within the Department
of Defense despite extensive use of fingerprints and growing utilization of
DOD’s DNA Identification Registry at the Armed Forces Institute of Pathol-
ogy (Armed Forces DNA Identification Laboratory) which should have DNA
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samples (bloodstains and buccal smears) on all servicemembers by the year
2000. Current plans call for retention of these records for 40 years. This DNA
material is not routinely typed, but rather stored in the registry under strin-
gent environmental controls for possible use in the event of the servicemem-
ber’s death in operational missions. The supporting AFDIL laboratory has
applied DNA analysis in the identification efforts of several military aircraft
mishaps and ordnance explosions. It also has played a supporting role in the
identification of MIA remains repatriated from post-conflicts where other
means of identification were not applicable.

There has been considerable debate on the applications of such databanks
relative to an individual’s constitutional rights of privacy and freedom from
self-incrimination. This concern has been especially applied to proposed or
existent DNA databanks. Nonetheless, these and similar databanks provide
valuable information sources for identification efforts and should be encour-
aged providing adequate safeguards are in place and a strenuous quality
control effort is made to preserve the integrity of the templates. It is these
databanks that provide the population genetic studies so critical to the inter-
pretation of DNA typing results relative to a specific identification. Currently,
private DNA operations (Cellmark in Germantown, MD, Lifecodes in Stam-
ford, CT, and Forensic Science Associates in Richmond, CA) as well as crime
laboratories in the public sector, such as the FBI Laboratories, maintain
population databanks for this purpose. These databanks are divided into four
general populations: White, Black, Hispanic, and Asian. It is noteworthy that
in each identification case, a presumptive identification is required in order
to initiate a comparative identification process. The National Research Coun-
cil’s report on DNA Technology in Forensic Science in 1992 is a useful
resource on the technologies and issues.63

Bite Mark Examinations

General Considerations

Although covered extensively in Chapter 7, we have elected to comment on
several general features of bite mark examinations relative to scientific evi-
dence and the potential use of ancillary technologies to resolve certain iden-
tification issues. A review of the published literature on bite marks
underscores the significance in specimen examination and evaluation with
any obtained templates or known impressions relative to: (1) the relationship
of the jaws, (2) the form and size of arches, (3) missing teeth, (4) spacing
between teeth, (5) presence of supernumerary teeth, (6) observed rotations
of teeth, (7) the width of teeth, and (8) presence of special features such as
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fractures and ridges. Many published analyses, especially in the European
literature, reference the work of Furness.64

Many of the discussions focus on the identification of bite marks, their
documentation photographically, and the level of individualization possible
based on the documented and preserved evidence against templates of den-
tition of individuals under investigation in the case. Benson et al.66 in 1988
reviewed bite mark impressions relative to current techniques and materials.
Wetli et al., all forensic pathologists,67 described techniques used in the Dade
County Medical Examiner’s Office and reported the use of fingerprint powder
or fingerprint ink on bite mark impressions to enhance impression visibility.
Soft tissue radiography has also been used to enhance bite mark impressions.

Legal challenges to bite mark evidence seems to fall into two major
categories of admissibility: (1) reliability of analysis, and (2) violations of
constitutional rights (Fourth and Fifth Amendments) regarding search and
seizure and self-incrimination protections. Hales68 reviewed these issues in
an often referenced report on the admissibility of bite mark evidence in 1978.

One aspect of bite mark investigations often neglected is the role of
ancillary chemical and serological studies which either support the identifi-
cation of the observed injury as a bite mark or the specificity of the bite mark
relative to the biter’s sex, race, or individuality. One such series of study
focused on the presence of saliva and its serological characteristics. Another
parameter, often mentioned, is the potential use of cytological examinations
of exfoliated buccal epithelial cells, especially for sex determination and/or
DNA analysis.

Saliva offers several routes of inquiry. Its identification in bite marks is
directed towards the identification of inorganic anions such as thiocyanate
or nitrites and polymorphic enzymes such as alkaline phosphatase and amy-
lase. Further individualization, if pursued, is directed towards classical sero-
logical parameters including the detection of blood groups, serum
polymorphic enzymes, and polymorphic studies unique to saliva based on
electrophoretic variation of isoenzymes of hexose-6-phosphate dehydroge-
nase (Sgd), amylase, acid protein (Pa), basic protein (Pb), double band pro-
tein (Db), and proline rich protein (Pr).

Many of the reported studies refer to the seminal study by E.A. Azen in
1978 on the genetic polymorphisms present in human saliva. Both fluores-
cent ultraviolet examination and immunological studies have been reported.

Chemical Markers

The detection of the thiocyanate ion (3.1 to 27.5 mg SCN/100 ml) in saliva
relies on the calorimetric reaction of thiocyanate with dilute ferric chloride
to the slightly acidified specimen producing a pink to red product which is
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sensitive to 3 µg SCN. Thiocyanate in saliva persists for some time and has
been reported present, although reduced, 28 months after deposition accord-
ing to Nelson and Kirk.69 A negative test for thiocyanate does not exclude
the presence of saliva in a stain. When present in fresh samples, the average
is 9.3 mg/100 mL and is about 2.5 times higher in smokers than nonsmokers.

Nitrite exists in saliva in concentrations of 4.6 to 10 µg NO2/ml and is
detected using the Griess test which using sulfanilic acid forms a diazonium
compound which reacts with naphthylamine to form a pink to red p-benze-
nesulfone-acid-azo-naphthylamine compound. The test is sensitive but less
specific for saliva and is limited to use in recent depositions. A reagent
consisting of 0.5% alpha-naphthylamine in 5 N acetic acid and 0.8% sulfa-
nilic acid in 5N acetic acid was used in the salivary stain studies.

A very sensitive and relatively specific general test for saliva is the dem-
onstration of significant amounts of amylase in a suspect stain. A number of
technologies have been described but those most used in forensic investiga-
tions utilize starch dye substrates using Renazol Blue R, Cibachrom blue F3G,
or Procion Brillant Red M2BS. Studies on stamps and envelopes for saliva
have used triphenyltetrazolium chloride to detect reducing sugars as a red,
insoluble formazan. Positive reactions are also noted with ascorbic acid which
has also been reported in saliva in 2.4 to 4.6 µg/ml concentrations.

Serological Markers

General serological parameters used for identification purposes rely on the
presence and detection of blood groups in biological specimens other than
blood detectable in 80% of the population based on secretor status. In addi-
tion to the ABH, Lewis, and Sda antigens, a number of serum polymorphic
isoenzymes are present in saliva: alkaline phosphatase, amylase, esterases,
G-6-PD, and parotid peroxidase (SAPX). Saliva also contains an interesting
polymorphic protein system based on parotid glycoproteins; most if not all
are acidic and proline rich. Both Gm and Km proteins are present and have
been used for racial determinations. Harrington et al. in 1988 described their
efforts to detect hemagglutinins in dried saliva stains for comparison with
blood typing.70 Although limited to stains up to several days old, their assay
consisting of concentration and extraction with toluene, the addition of
polyvinyl pyrrolidone, dextran albumin, and anti-immunoglobulin A (IgA)
to the mixture, pretreatment of the mixture with bromelin, a proteolytic
enzyme, low concentrations of RBC detector cells, and a low temperature
(0°C) environment yielded useful data worth forensic consideration.

Typical serological studies of saliva are usually limited to detection of
amylase, ABH, and Lewis antigens and several polymorphic markers. DNA
profiling offers other possibilities, including greater individualization, if
enough DNA can be extracted from any exfoliated cells.
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Salivary Drug Detection

The use of saliva in drug detection has been explored, especially in monitor-
ing therapeutic drug concentrations and detection of impaired drivers in a
relatively noninvasive fashion. Peel et al. in 1984 reported on an RCMP (Royal
Canadian Mounted Police) study which found measurable quantities of drugs
in saliva extracted with methanol and analyzed by EMIT (enzyme multiple
immunoassay technique) and gas chromatography/mass spectrophotome-
try.71 Their work referenced that of Horning et al.,72 Danhof and Breimer,73

and Idowu and Caddy.74 This methodology, both specific and sensitive
appears to be a useful adjunct to serological testing in bite marks for iden-
tification purposes. A number of drugs such as phenobarbital, amphetamine
and morphine have been detected in saliva and saliva stains by radioimmu-
noassay (RIA) by a number of investigators. Smith75 described similar studies
in blood stains for drug content.

Animal Bite Marks

Most medicolegal cases involving animal bite marks are relatively straight-
forward and are grossly identifiable as such by their general features and the
character of the wounds inflicted. Rarely is the identification of the perpe-
trator unknown. Nonetheless, technology has provided several routes of
inquiry when there may be a question of the perpetrator’s identity.

Fletcher et al.76 in 1984 described an ELISA (enzyme-linked immunoas-
say) technique using monoclonal antibody based on the presence of salivary
IgA for species identification in stains up to 16 months old. Cross reactivity
was limited and readily identifiable. Crossover electrophoresis and double
gel diffusion techniques were used for comparison in cases with poor mon-
oclonal antibody results. This technique would appear to have value in bite
mark examinations from nonhumans where the biting animal is not known.

Sensabaugh and Blake,77 in a review of DNA analysis using polymerase
chain reaction (PCR) applications, commented on its use in species deter-
minations. Evolutionary relationships among species are most directly deter-
mined by comparisons at the DNA sequence level. For routine species
determination, simple yes/no amplification assays for species-specific
sequences can be utilized. Alternatively, amplification coupled with dot blot
hybridization with species-specific probes can be used. Both approaches are
targeted to a species or set of species. A general unknown would require gene
sequence analysis which would provide a direct measure of species relation-
ships. If an unknown cannot be directly identified by sequencing, it can be
placed into a genus, family, or order by comparing its sequence to corre-
sponding sequences from other species groups. The sequence region for
which most comparative sequence data exist is the cytochrome b gene on
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mitochondrial DNA. The gene has conservative sequence regions that allow
the design of “universal” primers that will amplify the gene in most vertebrate
species, according to Kocher et al.78 Cytochrome b gene sequences are now
known for most of the major vertebrate groups and additional sequence data
appearing regularly in the literature.

Sex Determination in Bite Marks

The possibility of obtaining exfoliated buccal epithelial cells in saliva on bite
marks has increased the possibility of sex determination of the perpetrator.
The duration of this line of inquiry is apparently possible for several weeks
postdeposition, depending on the materials containing the impressions and
environmental factors. Two parameters have been proposed, both based on
successful efforts to sex bloodstains: (1) the presence and detection of sex
chromatin (Barr bodies in females, and F bodies in males); and (2) sex
hormone level determinations based on detectable quantities and ratios of
testosterone and 17B-estradiol by radioimmunoassay (RIA). The former
parameter has been demonstrated successfully in saliva stains; this author is
unaware of any successful attempt to identify sex in saliva by means of
hormonal ratios.

Interpretation of such investigatory efforts must be dependent on an
understanding of the possible variations that might be encountered. Discrep-
ancies noted in tests for sex chromatin include (1) chromatin negative
females, e.g., Turner’s Syndrome and testicular feminization, (2) chromatin
positive males, e.g., Klinefelter’s Syndrome, and (3) genetic mosaics. In each
case, a sufficient number of nucleated cells must be obtained, fixed, and
stained. Alcohol fixation and H&E stains have been used successfully for
detection of Barr bodies or “drumsticks” in materials containing at least 100
nucleated cells. An aceto-orcein staining process was described by Sanderson
and Stewart in 1961.79

Determination of sex by DNA analysis according to Sensabaugh and
Blake77 is possible by using PCR based on the characteristics of the mamma-
lian sex chromosomes, X and Y. Normal females have two X chromosomes
and males have an X and Y chromosome. The development of a mammalian
embryo as male is determined by genes on the Y chromosome and the
phenotypic sex of individuals with an abnormal complement of sex chro-
mosomes depends only on the presence or absence of the Y chromosome.
According to the authors, a number of X and Y chromosome-specific
sequences have been identified and serve as potential markers for sex deter-
mination. Several PCR-based approaches have been used. The simplest is the
amplification of a Y specific sequence; the presence of a PCR product indi-
cates the sample contains male cells. With this assay, the absence of a product
cannot be interpreted unless there is an amplification control. An assay using
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the DYZ1 repeat sequence for the Y marker and either an Alu repeat or DQA
sequences as amplification controls is an example of such testing.

Witt and Erikson81 described an assay using both X and Y specific cen-
tromeric alphoid repeat sequences as the chromosome markers. Amplifica-
tion of these two sequences employ different primer sets but can be
co-amplified. Male DNA shows both X and Y PCR products, whereas female
DNA shows only the X product. Gaensslen et al.82 reported this application
in 1992 on forensic specimens.

A third method, described by Aasen and Medrano83 amplifies both the
X and Y specific sequences using a single primer set. The human ZFY and
ZFX genes possess regions of conserved sequence permitting the design of
primers capable of amplifying both. The two sequences are then distin-
guished by a sequence-specific restriction assay using HaeIII. The ZFX gene
is marked by a characteristic 400-base-pair fragment and the ZFY gene by a
317-base-pair fragment. Because both sequences are amplified from the same
set of primers, the assay has a built-in control for the amplification reaction
from both sexes. The gene sequences are also species-specific according to
Aasen and Medrano.

DNA Analysis in Biological Specimens

DNA analysis has provided a significant advance in identification efforts and
is routinely used in criminal investigations and mass disasters. The relative
absence of general population DNA identification databanks against which
putative specimens can be compared complicates identification efforts of
unknown remains, especially when there is no presumptive identification of
the decedent. If a presumptive identification is available, however, then it is
often possible by using either nuclear or mitochondrial DNA profiling anal-
ysis to confirm the identification of the unknown and to reassociate remains
when other methodologies are not applicable. In mass disasters, a common
approach is to identify fragmentary remains by traditional means such as
dental comparisons, fingerprints, or radiographic criteria (superimposi-
tions), type recovered DNA from these fragments, and use that profile to
reassociate other fragmentary remains producing the same DNA profile pat-
tern. Current DNA profiling or fingerprinting techniques are either restric-
tion fragment length polymorphisms (RFLPs) on variable number tandem
repeats (VNTRs) or polymerase chain reaction (PCR) analysis. RFLPs analyze
highly variable regions of human DNA, individualized by length polymor-
phisms, traditionally referred to as “junk DNA” by molecular biologists. The
PCR technique or allele-specific analysis focuses in on and amplifies a specific
DNA region. Differences among individuals at that site can be distinguished
©1997 CRC Press LLC



      
through the use of specialized probes that trigger a color change or through
gel electrophoresis followed by a silver stain. Forensic PCR methods cannot
discriminate among individuals as well as RFLP analysis does, but PCR
requires only small amounts of DNA (approximately 1% that required for
RFLP analysis) and can be used with some degraded DNA.

Approximately 70 to 80% of the DNA in the total human genome consists
of unique sequences including spacer DNA, signal sequences, and protein
coding DNA. The remaining 20 to 30% of the genome consists of repetitive,
primarily noncoding sequences of uncertain function. It is on these sequences
that DNA profiling depends. Repetitive DNA can be divided into two classes:
(1) tandemly repetitive sequences, and (2) interspersed repeats. Tandem
repetitive DNA accounts for approximately 1/3 of the repetitive DNA (10%
of the genome) and is divided into two categories: (1) satellite DNA, ranging
from 5 to 250 base pairs repeated many times, and (2) short tandem repeats,
much shorter than satellite DNA (9 to 64 base pair “core” sequences) which
exhibit a high degree of variability in overall length; these regions are also
termed “minisatellites” or VNTRs (variable number tandem repeats) located
at unique chromosomal loci. Minisatellites are relatively long tandem repeats
whereas shorter repeats fall into the short tandem repeats (STRs) described
above consisting of “core sequences”. The different DNA profiling techniques
focus on one or more of these repetitive sequence areas.

The largest amount of repetitive DNA (approximately 15 to 20% of the
genome) are interspersed elements of specific sequences distributed widely
throughout the genome. These sequences are about 300 base pairs in length
and account for 5% of the genome. These elements are divided into two
classes: (1) short interspersed elements called SINES composed of sequences
of less than 500 base pairs, and (2) long interspersed elements called LINES
which have sequences greater than 500 base pairs (1 to 2% of the genome)

DNA Contamination Issues

Invariably, such DNA analysis using RFLP or PCR techniques raise concerns
of contamination and subsequently reliability in interpretation of so-called
matches. A number of studies have addressed these issues, especially in regard
to the use of RFLP (restriction fragment length polymorphisms) methodology.

Adams et al.85 in 1991 reported on investigations conducted by the FBI
relative to this issue based on profile results obtained from bloodstains and
other biological stains subjected to a mixture of other biological stains, envi-
ronmental insults (sunlight and temperature), different substrates (cotton,
nylon, blue denim, glass, aluminum, and wood), and contaminants including
gasoline, bleach, sodium hydroxide, soil, motor oil, detergent, phosphate salt,
glacial acetic acid, and microorganisms. They found that in those samples
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which did produce profiles, those profiles were consistent with those of
untreated control samples.

In 1993, Webb et al.86 revisited this issue using microbial challenges of
variable number tandem repeats (VNTR) probes for DNA profiling. Numer-
ous polymorphic markers cloned from variable number tandem repeat
sequences have been described and used for individual identification pur-
poses. These clones usually consist of several kilobases of VNTR sequence
suitable for isototopic labeling. Recently, however, synthetic oligonucleotides
complementary to VNTRs have been used as DNA probes. Reporter mole-
cules including biotin, digoxigenin, and alkaline phosphatase are covalently
linked to the oligonucleotides facilitating nonisotopic detection methods.
This study used probes challenged with DNA isolated from a variety of
bacterial, yeast, and fungal sources. No DNA sequences of nonhuman origin
were visualized on either autoradiographs or lumigraphs.

In 1994, Laber, et al.87 conducted validation studies on the forensic anal-
ysis of restriction fragment length polymorphisms (RFLPs) with agarose gels
without ethidium bromide staining and the possible effects of contaminants,
sunlight, and the electrophoresis of varying quantities of DNA on RFLP
patterns produced from DNA isolated from blood and semen stains. Com-
puter-assisted image analysis was used to detect variations in RFLP band sizes
in relation to control samples. The results demonstrated that high molecular
weight DNA can be obtained when blood and semen stains are subjected to
environmental and contaminating factors. Their studies further documented
the reliability and validity of DNA typing in forensic applications.

DNA Dental Applications

Schwartz et al.88 reported an interesting study of DNA obtained from teeth
subjected to a variety of environmental conditions. The studies were on
dental pulp using restriction enzyme digestion with PstI and restriction
fragment length polymorphisms on loci DZS44, DXYS14, D18S27, and
DXZ1. The authors obtained good results but observed band shifting of 2 to
4 kilobases with increased temperatures. This technical artifact can make
pattern or band interpretation difficult in potential matches.

Smith et al.89 in 1993 reported on a systematic approach to sampling
dental DNA for identification purposes. The study was based on crushed and
sectioned tooth specimens which were subjected to DNA typing with both
sequence- and length-based analyses comparing teeth from the same indi-
vidual and with other individuals. The authors concluded that crushing
specimens maximizes the yield of dental DNA but with greater degradation,
and that substantial yields could be obtained from more conservative sec-
tioning efforts. The method of sampling did not affect the ability to do DNA
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typing. High molecular weight DNA was obtained from all specimens. DNA
typing studies were also successfully performed on powdered dentin and
dental roots, providing high molecular weight DNA. The dental roots yielded
more DNA but it was also more degraded. The mitochondrial DNA control
area was amplified for all molar pulp extracts. The result was a DNA band of
approximately 1100 base pairs which co-migrated with the known control band.

When DNA is highly degraded, or in limited quantities, mitochondrial
DNA (mtDNA) can be used for human identification and evidentiary mate-
rials. Mitochondrial DNA constitutes a fraction of 1% of the total DNA in a
cell. However, there are hundreds to thousands of copies of mtDNA for every
copy of nuclear DNA. The maternal inheritance pattern increases the avail-
ability of matching sequences of individuals with siblings and even distant
maternal cousins who should carry the identical mtDNA sequence. Further
use of this technology will be dependent on the establishment of DNA data-
bases and population statistical studies to support interpretation of results.

The mitochondrial genome is 16,569 base pairs (bp) in length and cir-
cular, consisting of coding regions and a noncoding hypervariable control
region. The control region spans more than 1100 base pairs and includes the
origins for replication and transcription as well as the displacement loop.
Holland et al.90 in 1993 reported the successful use of mitochondrial DNA
sequence analysis on human skeletal remains from MIAs in the Vietnam
conflict when attempts at using nuclear genomic DNA (HLA-DQ alpha and
VNTR locus D1S80) were unsuccessful using the polymerase chain reaction
(PCR).

DNA Profiling or Fingerprinting

DNA profiling or fingerprinting is based on the fact that although most of
the DNA molecule is common to all humans, parts differ from person to
person. With the exception of identical siblings, the DNA of every individual
is unique. DNA identification tests use sophisticated techniques of molecular
biology developed over the last 25 years to compare samples taken from a
suspect with those found in blood, semen, hair roots, or cells from saliva or
skin discovered at a crime scene. In paternity cases, DNA from the alleged
father is compared with that of the mother and child. The use of DNA
profiling has mushroomed in the U.S. since its introduction in the mid-1980s.
Paternity cases dominate, amounting to an estimated 100,000 profiles a year
as opposed to approximately 5000 forensic cases, according to Mark Stolorow,
director of operations for Cellmark Diagnostics in Germantown, MD. Cell-
mark is the largest commercial DNA profiling operation in the U.S. and has
analyzed samples from the O.J. Simpson case. Lifecodes Corporation in Stam-
ford, CT and Forensic Science Associates in Richmond, CA also perform
DNA profiling. The FBI operates a large forensic DNA facility in the public
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sector in Washington, D.C. and offers training in the technique to forensic
scientists from state, local, and foreign crime laboratories. Approximately 50
state and local forensic laboratories in the U.S. are carrying out some form
of DNA profiling, according to Paul Ferrara, director of the Division of
Forensic Science in Virginia, the first state to set up its own DNA typing
operation. Ferrara is also chairman of the American Society of Crime Lab-
oratory Directors’ accreditation board.

The most useful DNA identification tests currently available analyze
highly variable regions of human DNA called restriction fragment length
polymorphisms (RFLPs). In this technique, genomic DNA is isolated from
the cells’ nuclei and cut into fragments by a restriction enzyme that cleaves
the DNA at specific locations, recognizing only certain combinations of the
ATCG codes on the DNA molecule. The sizes of the resulting fragments differ
from individual to individual because of polymorphisms, highly variable
DNA regions that contain a variable number of repeating units of certain
small DNA sequences. The resulting fragments are separated by slab gel
electrophoresis into different sized bands. The DNA is then extracted from
the gel when it is blotted onto a nylon membrane using the Southern blotting
technique where a series of radioactive probes are used to visualize fragments
from certain regions where individual variations are common. The probes
used are segments of known DNA impregnated with radioactive phosphorus-
32 which bind to the precise DNA fragments tested, transferring their radio-
activity selectively to those fragments. The membrane is then placed on X-ray
film exposing the film to the radiation in the phosphorus and visualizing the
DNA fragments. The process is lengthy, with each of the four or five loci
exposed sequentially it usually takes 10 weeks. Once the film is developed it
is inspected by the investigator and at least one other expert and often
scanned into a computer for precise measurement and comparison of the
resulting bands with known samples of DNA. Ambiguity in interpretation
of these bands results from band shifts, degradation, missing bands, extra
bands and combined bands, all due to technical problems. The dilemma
faced by the analyst is how to distinguish differences induced by technical
problems and artifacts from true genetic differences between samples.92-94

A second type of DNA profiling is polymerase chain reaction (PCR)
which is a molecular copying process for developing gene sequences. A typical
PCR test looks at six different inherited traits, each controlled by a specific
gene, each with two alleles; one maternal allele and one paternal allele. If the
alleles are the same, the individual is homozygous for that trait. If the alleles
are different, the individual is heterozygous for that trait. For 6 different
genes, there are just 21 possible combinations of alleles: 6 homozygous and
15 heterozygous. PCR looks for matches for these 21 combinations, some of
which are extremely rare. The results are recorded as colored dots on a nylon
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strip. The PCR technique focuses on and amplifies a specific DNA region.
The differences among individuals at that site are distinguished through the
use of specialized probes which trigger a color change or through gel elec-
trophoresis followed by a silver stain. Forensic PCR methods are less specific
than RFLP analysis with probabilities of 1:100 to 1:2000 as compared with
1:10,000 to 1:1,000,000 reported for RFLP. However, PCR requires extremely
small quantities of DNA and can be used on degraded specimens. A sizable
evidence sample, however, does not guarantee a good yield of analyzable
material. Heat, moisture, sunlight, surface contaminants, and other factors
can speed DNA degradation. Contamination of evidence with DNA from
animals or bacteria is usually not a problem because the probes used in DNA
profiling are specific to humans or at least primates. Bacteria does have an
effect on the stability of human DNA, especially soil bacteria which are rich
in nucleases.92,93

Criminal cases generate more controversy than paternity suits. Both
require a documented chain of evidence, however the forensic material may
be limited as compared to samples from paternity cases. It often takes more
work to isolate DNA from forensic specimens and more probes and controls.
This is reflected in the costs for such work. Lifecodes, according to Michael
Baird, vice president of laboratory operations, charges $200 per sample for
paternity cases compared with $535 per sample for forensic cases. The most
disputatious issue of forensic DNA identification efforts involves population
genetics. Scientists disagree on how to calculate the probability that a sus-
pect’s DNA profile could match the evidence by chance. At issue is a method
called the multiplication or product rule which assumes that the tested loci
follow the Hardy-Weinberg equilibrium principle of independence. The
chance that a suspect’s DNA coincidentally matches the evidence depends
on how frequently the particular pattern of genetic variants (alleles) present
in the DNA profile occurs in the general population. Critics challenge the
definition of “general population” arguing that in an heterogeneous popula-
tion the frequency of a particular pattern could vary among ethnic
groups.84,92,95,96

This issue arises because DNA profiling analyzes only a small sample of
an individual’s full complement of DNA, some 3 billion base pairs in the
human genome. Both profiling methods reduce the possibility of random
matches by evaluating more than one specific locus on DNA. In an RFLP
analysis employing four or five single locus probes, each probe is designed
to recognize a particular locus on a specific chromosome. Forensic labora-
tories compile databases of the alleles that are found with each employed
probe. These individual probes yield frequencies which in the multiplication
rule provide a probability of matching patterns by the multiplication of the
frequency of each of the used probes. The multiplication rule derives from
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population genetics models that assume that the DNA variations revealed by
each probe are inherited independently of each other. This assumption is
challenged by critics. Daniel Hartl, professor of biology at Harvard University,
contends that unions within ethnic groups results in genetically differentiated
subgroups that must be considered. Individuals who match at one locus
might be more likely to match at another.97

The FBI and other forensic laboratories concede that the distribution of
alleles is not completely random. Their databases are already separated into
large population pools such as Whites, Blacks, and Hispanics. These labora-
tories report the calculated probabilities of a random match for each of these
data groups and the frequencies can vary widely. Hartl argues that these large
pools are not discriminatory enough because there is as much genetic vari-
ation among subgroups within races as there is between races. A National
Research Council (NRC) panel in 1992 recommended against continued use
of the multiplication rule concluding that genetic differences within ethnic
groups should be taken into account in calculating the probability of a chance
match between an innocent suspect and crime scene evidence. They recom-
mended a more conservative approach called the ceiling principle in which
forensic scientists would use the highest observed frequency of a given allele
or 5%, whichever is larger, to calculate the likelihood of a random match.
The report called for research to set these ceiling frequencies by using empir-
ical data suggesting that determining the actual frequencies of particular
DNA variations in 15 to 20 population subgroups of some 100 individuals
per subgroup. While those data were being collected, an arbitrary frequency
of 10% should be used. Many forensic laboratories now report both sets of
calculations. Neil Risch and colleagues at Yale University support continued
use of the multiplication rule. These statistical geneticists studied the FBI’s
databases and found only one instance in 7.6 million comparisons where one
sample matched another by chance at three loci. Using four or five loci would
make the likelihood of a random match infinitesimal.92,100

The issue of population genetics was addressed recently by Lander and
Budowle98 and the NRC recommendations relative to calculation of allele
frequency probabilities by the multiplication rule vs. the ceiling principle.
They noted that the subpopulation argument became a cause celebre, pitting
luminaries such as Lewontin and Hartl97,98 against Chakraborty and Kidd.99

Six objections have been raised to the ceiling principle:

1. The ceiling principle is premised on the flawed analysis of Lewontin
and Hartl that there is significant population substructure,

2. The ceiling principle is scientifically flawed because it is not used in
population genetics; moreover, the plan to sample 10 to 15 represen-
tative populations is statistically unsound,
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3. The ceiling principle makes unwarranted assumptions about the pos-
sible substructure of a population,

4. The ceiling principle is so conservative that it hampers the courtroom
application of DNA fingerprinting,

5. The ceiling principle is not actually guaranteed to be conservative, and
6. The NRC report is causing DNA fingerprinting cases to be thrown

out of court.

According to Lander and Budowie, each of the objections has been
addressed and appears unfounded.95-99

During the first years that DNA profiling was applied to forensic cases,
most criticism revolved around the lack of standards. In a 1990 report
“Genetic Witness: Forensic Uses of DNA Tests” by the Office of Technology
Assessment, the issue of setting standards for forensic applications of DNA
testing was proclaimed fundamental to its admissibility in court. The NRC
panel committee called for a mandatory accreditation program for DNA
testing laboratories and for certification of laboratory personnel. An FBI-
organized consortium of crime lab representatives, members of academia,
and private companies called the Technical Working Group on DNA Analysis
Methods (TWGDAM) first issued guidelines in 1989 which have since been
updated. The guidelines specify analytical protocols for both RFLP and PCR
profiling as well as general standards focusing on quality assurance, training
and education of personnel, and proficiency testing. These guidelines have
become the industry’s de facto gold standard. Adherence to these guidelines
is one criterion for accreditation by the American Society of Crime Labora-
tory Directors’ Laboratory Accreditation Board. Roughly one third of public
sector crime labs that perform DNA profiling have earned accreditation
under the program. Cellmark was the first private laboratory to qualify. The
DNA profiling standard introduced in 1992 by the National Institute of
Standards and Technology (NIST) is a new tool for forensic laboratories to
check their performance. The 20-component standard reference material for
RFLP analysis is the most complex ever issued by NIST. The standard includes
both male and female human DNA in three forms: approximately 3 million
whole cells, whole DNA that has been extracted from such cells, and DNA
that has been extracted and cut with the restriction enzyme in standard use
in the U.S. NIST is expected to release a similar standard reference material
for DNA profiling using PCR techniques, according to Dennis Reeder, group
leader of NIST’s DNA Technologies Group.29

The new crime bill adds further impetus to the movement toward quality
assurance standards for forensic DNA labs. The DNA Identification Act
requires the FBI director to set up an advisory board to recommend standards
for quality assurance, including proficiency testing of forensic laboratories
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and analysts, within six months. Most expect that these standards will closely
follow current TWGDAM guidelines, which should be used in the interim.
Standardization is also being driven by the creation of the national DNA
databank that the FBI has been working with local and state crime labora-
tories to develop. This system is called CODIS (combined DNA index system)
and will enable investigators to compare DNA profiles derived from evidence
from rapes or murders with DNA profiles from convicted offenders from
throughout the country. They also will be able to compare evidence from
unsolved crimes in other jurisdictions and check profiles of missing persons.
The national database means that each laboratory must be able to reproduc-
ibly generate DNA profiles. Current studies involving some 22 laboratories
show “remarkable consistency” among some 6000 measurements.29

According to the FBI, some 31 states have laws requiring criminals con-
victed of certain crimes to provide samples for DNA profiling. Most states
limit the scope to convicted sex offenders, but a few, such as Virginia, include
all individuals convicted of violent crimes. The U.S. Court of Appeals for the
4th Circuit has upheld its constitutionality and the U.S. Supreme Court
refused to hear the case brought by a group of convicted felons.92

The threat of privacy posed by the expanding use of DNA databanks is
an increasingly prominent issue according to some legal scholars. Although
the DNA regions targeted by current profiling methods do not code for
disease or any identifiable physical traits, some observers are disturbed by
the government’s access to such information. Congress has addressed this
concern in its crime bill which limits access of CODIS to law enforcement
and judicial purposes. The act sets fines of up to $100,000 for misuse of the
databank.92

The creation of DNA databanks has fiscal impact on a state’s resources.
Many states are having difficulty keeping up with the number of convicts to
be profiled. A year to a year and a half backlog is common. These large
backlogs have highlighted the need for faster profiling procedures. Sensa-
baugh and Mathies are testing a high-throughput DNA profiling by using
capillary electrophoresis in California.92 The Armed Forces DNA Identifica-
tion Laboratory (AFDIL) is also exploring the use of capillary electrophoresis.
Williams et al.103 published a recent article on the analysis of DNA restriction
fragments and polymerase chain reaction products by capillary electrophore-
sis. Lifecodes and other companies have developed chemiluminescent probe
systems that can replace the radioactive probes used in RFLP. Currently used
in paternity testing, this methodology has forensic interest, according to the
FBI.92,99,100

The application of this DNA technology to forensic odontology cases
relies on the principles presented and the general condition that this analysis
will be done by other than forensic odontologists. DNA has been isolated
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and characterized from dental pulp. This success provides a basis for reasso-
ciation of body parts that might not be otherwise possible because of decom-
position. There is particular interest in mitochondrial DNA analysis because
of its availability, especially in skeletal materials and its successful character-
ization by polymerase chain reaction.

Issues of Scientific Testing — General Principles

Scientific evidence has special relevance in medicolegal investigations and its
admissibility in court is based on experiments and scientific tests where it
can be demonstrated that it is reliable and will aid in understanding the facts
in dispute. Admissibility is a question of weighing the probative value of such
evidence against probative dangers such as misleading the jury, undue con-
sumption of time, etc.

In general, the requirements for admissibility of scientific evidence
includes (1) experiments conducted under substantially similar conditions,
and (2) expert testimony as to the reliability of the testing procedures in
which the procedure was conducted by qualified experts in the field who can
appear in court to testify as to the conduct of the test and the reliability of
the testing procedures. Judicial notice can be used in lieu of expert testimony
when the reliability of the test is generally accepted but it does not substitute
for proof that the test was properly administered. Finally, the probative value
must outweigh probative dangers.

Identification issues presented to the court often involve probabilities in
which it is attempted to show that the applied technologies were properly
done and were specific, sensitive, and precise, and either exclude the indi-
vidual or identify the individual with reasonable certainty.

Much discussion has been centered around what constitutes “scientific
evidence” and when it can or will be accepted by the courts. The rules of
admissibility vary from jurisdiction to jurisdiction but appear to follow the
general principles. Frequently mentioned is the Frye Rule which is perhaps
still the “gold standard” in some state courts. The Frye Rule focuses on
scientific evidence which has achieved general acceptability within the scien-
tific community and is specific, sensitive, and accurate. Modifications of this
general acceptability principle also address relevance. Today many states and
all federal courts follow the guidelines outlined in the Federal Rules of Evi-
dence which were first drafted by the American Law Institute in 1942 and
revised several times. These rules basically provide that unless there is some
special circumstance “all relevant evidence is admissible.”

Federal Rule 702 governs the admissibility of scientific evidence.
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“If scientific, technical, or other specialized knowledge will assist the trier
of fact to understand the evidence or to determine as fact an issue, a witness
qualified as an expert by knowledge, skill, experience, training, or education,
may testify thereto in the form of an opinion or otherwise.”

This position was reaffirmed by the United States Supreme Court in
Daubert v. Merrell Dow Pharmaceuticals, Inc. This case and its impact was
the focus of a recent article by Annas.104 The adoption of Rule 702 eliminated
Frye’s reliance on general acceptance as the exclusive requirement for admis-
sibility. To qualify for “scientific”, the Court concluded that the testimony
must be grounded in the “methods and procedures of science” and be more
than a subjective belief or unsupported speculation. The Federal Rules of
Evidence require that the “expert’s opinion will have a reliable basis in the
knowledge and experience of his discipline.”

Justice Blackmun (U.S. Supreme Court) in this decision and in a minority
position, proposed four “pertinent considerations” for federal trial judges to
take into account whether scientific evidence is reliable: (1) Is the hypothesis
set forward by the scientific expert falsifiable or testable? (2) Has the theory
or technique been subjected to peer review and publication? (3) What is the
potential rate of error in the method used? and (4) Has the method or theory
gained general acceptance, which “can be an important fact in ruling partic-
ular evidence admissible?”. Although not uniformly accepted as reasonable
guidelines, these four questions reflect the general expectations of “scientific
evidence”.

Because of the significance of admissibility of such scientific evidence,
the authors have elected to expand on these principles from the perspective
of a trial attorney and their relevance especially to DNA profiling and databases.
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2DNA Identification*

VICTOR WALTER WEEDN

Introduction

Forensic identification is based on finding differences — polymorphisms —
between different individuals. These differences can take many forms, such
as differences in facial appearance, differences in ear lobe conformation,
differences in retinal arterial structure, differences in hair color, differences
in height, etc. — some variations are unique and some are not. Indeed,
individual variation is a tenet of biology. Fingerprint friction ridge patterns
and dentition are useful for identification precisely because they are different
in each individual. Furthermore, the DNA molecule is unique, except in
identical twins.

Polymorphisms can either be acquired or inherited. A surgical scar is an
obvious example of an acquired identifier. The friction ridge patterns of
fingerprints have an obvious genetic component, but are predominantly
established from local perturbations during fetal development, hence iden-
tical twins have different dermatoglyphics. Most acquired features used for
identification may change with time, for example dental features can change
over time. The polymorphisms within the DNA molecule are the basis for
all inherited polymorphisms and they do not change over the lifetime of an
individual.

Although dental identification is an excellent and convenient means of
positive identification, there are limitations to its use. Dental identification
requires the availability of a good quality, reasonably up-to-date dental radio-
graph. The dentist or orthodontist who has the radiograph in his file must
be found. Due to the success of water fluoridation programs, there are now
fewer dental restorations in younger people. Restorations have provided the
basis for most dental identifications. Massive head trauma or decapitation

* The views expressed are those of the authors and do not necessarily reflect those of the
U.S. Army or the Department of Defense.
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may render dental identification impossible. Consequently, not all remains
can be identified through dental comparison techniques.

Dental identification takes advantage of the polymorphic nature of the
hardest structures in the body — precisely those structures which are most
likely to remain available for identification purposes. Although dental struc-
tures are more likely to survive traumatic and decompositional changes than
other traditional means of identification such as fingerprints, scars, facial
appearance, etc., DNA has a still greater likelihood of survival. Any tissue or
bone fragment can be used for DNA testing, with the possible exception of
those which have undergone severe incineration or prolonged water (partic-
ularly saltwater) immersion. Perhaps most significantly, body fragments,
unless of a hand with fingerprints, a portion of a jaw with teeth, or an
articulable limb, will not ordinarily be identified except by laboratory tissue
identification techniques.

A common obstacle to fingerprint and dental identification is the lack
of antemortem data for comparison. The common availability of families as
sources of reference material for comparison purposes is a particularly
important aspect of DNA identification.

Furthermore, dental and fingerprint identification are relatively slow and
tedious in a large mass disaster. Future DNA testing technologies will permit
high-volume, low-cost testing. In significant mass disasters, the speed of
batch laboratory testing may prove critical.

For many years, tissue identifications could only be accomplished by
traditional serologic markers, particularly ABO blood group typing. DNA
testing is far superior to those other tissue-typing techniques for a variety of
reasons. DNA is the basis for all blood group types, red cell antigens, and
protein isoenzymes. Due to the degeneracy of the genetic code, there will
always be more polymorphisms in DNA than in the resultant phenotypes.
The discriminatory power of DNA is far greater than any set of traditional
markers, including HLA typing. Traditional markers typically yield values of
one in thousands, whereas DNA tests often yield values of one in millions.
DNA testing can be performed on any tissue or fluid. DNA tests, particularly
PCR-based DNA tests, are more sensitive than traditional serologic markers.
DNA tests can be performed on specimens which are far older than is the case
with traditional markers and DNA is less susceptible to environmental insults.

The DNA Molecule

General

The basis for all inheritance is found within the DNA genome of cells. This
information is coded within the chemical structure of the DNA molecule or,
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more accurately, the set of DNA molecules known as the genome. Nucleotide
bases are arranged in specific sequences within the chemical structural scaf-
folding. Only four bases (adenine, cytosine, guanine, and thymine) make up
the genetic alphabet that produces the words, sentences, paragraphs, and
chapters which are eventually read into proteins that comprise biological
organisms. These bases are present in pairs in a complementary fashion to
form base pairs, such that every A is paired with a T, every C with a G, and
vice versa. The consequence of this base pairing is that half of the molecule
can be stripped away from the other half and the base sequence of one strand
can be used to determine the sequence of the opposite strand, or to create a
specific DNA hybridization probe.

Stability of DNA

DNA is a robust molecule which can tolerate a remarkable range of temper-
ature, pH, salt, and other factors that destroy classical serologic markers.
Validation testing in forensic science laboratories has shown that DNA mixed
with detergents, oil, gasoline, and other adulterants did not alter its typing
characteristics. Indeed, it is this ruggedness which allows DNA longevity and
has permitted DNA typing of Egyptian mummies and 30-million-year-old
insects preserved in amber. Bone or tissues that have been in soil environ-
ments for extended lengths of time often yield no DNA typing results by
traditional means, especially when the soil is moist. However, even relatively
ancient skeletal remains may yield an informative mitochondrial DNA sequence.

DNA Polymorphisms

DNA polymorphisms can be length-based or sequence-based. Length-based
polymorphisms are a characteristic of repetitive DNA that generally does not
code for any protein (so-called “junk” DNA). DNA fragments vary in size
between individuals due to the presence of variable numbers of tandem
repeats (VNTRs); i.e., a core of 7 bases may be repeated 3 times in one
individual or 12 times in the next individual. Traditional restriction fragment
length polymorphism (RFLP) analysis, as is commonly associated with the
DNA testing in crime labs, involves cut fragments (restriction fragments)
which include internal VNTR regions (loci) and thus vary in fragment length.
VNTR fragments can also be amplified instead of cut, hence, amplified frag-
ment length polymorphisms (AmpFLPs).

DNA identity information is found not only in fragment length variation,
but also within the DNA sequence of similarly sized DNA fragments.
Sequence polymorphisms consist of difference changes in one or more bases
in a DNA sequence at a particular location in the genome. Sequence varia-
tions can manifest as regions of alternative alleles or base substitutions,
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additions, or deletions. Most sequence polymorphisms are mere point muta-
tions. They may be found in coding or noncoding DNA. Sequence polymor-
phisms can be detected by DNA probes or by direct sequencing.

DNA Methods

RFLP Methods

The DNA typing method that was first described, and most commonly
employed by crime labs initially, is known as restriction fragment length
polymorphism (RFLP) analysis. The six steps in RFLP testing include:

1. Extraction of DNA from a biologic source
2. Cutting the DNA into relatively small fragments at specific sites with

“restriction enzymes”
3. Separating the fragments by size using agarose gel electrophoresis;
4. Transferring and immobilizing the separated DNA fragments onto a

nylon membrane
5. Denaturation of the DNA into single strands and hybridization to

radioisotopically-labeled probes (small fragments of single-stranded
DNA)

6. Autoradiography, in which an X-ray film is placed over the membrane
for several days, resulting in exposure of the film at the point of the
probe

RFLP testing is often called “Southern blotting” because the DNA transfer
technique was first described by Professor Southern. Typically, RFLP testing
will take several weeks to perform. For every probing, the membrane is
stripped of the previous probe and rehybridized and autoradiography per-
formed anew. However, alternatives to radioisotopic labels now exist, partic-
ularly chemiluminescent and fluorescent probe labels, which permit much
faster testing.

Unfortunately, RFLP is not useful where the DNA is degraded, because
random fragmentation thwarts detection of a specific large uncut fragment
population. Since DNA rapidly breaks down after death, RFLP testing is of
limited value in testing cadaveric tissue for identification of human remains,
unless the remains are fresh.

PCR Methods

The polymerase chain reaction (PCR) is a method of copying or “amplifying”
a particular segment of DNA. A few strands or even a single strand of DNA
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can be used to reproduce millions of copies of target DNA fragments. Kary
Mullis was awarded the Nobel Prize in 1993 for the discovery of the PCR
process, which has led to a revolution in the life sciences. PCR amplification
is a sample preparation technique which enables further testing to detect
various polymorphisms. Nonamplified DNA becomes undetectable against
the amplified background target sequence. PCR testing is not only very
sensitive, but it is quicker, less labor intensive, and less tedious than RFLP
testing. Most significantly for remains identification, it is often successful
even though the tissue specimen is degraded because only a few copies of
relatively short segments need remain intact. However, PCR testing is sus-
ceptible to inhibition and the potential for cross contamination.

Dot/Blots
Sequence information can be obtained through the use of DNA probes. A
DNA probe is a small piece of single-stranded DNA (oligonucleotide) which
will bind to another single-stranded DNA with the complementary sequence.
A sequence-specific oligonucleotide (SSO) probe, also known as an allele-
specific oligonucleotide (ASO) probe, is a single-stranded DNA fragment
sufficiently long to confer specificity, but short enough to bind only to the
exact sequence complement. Commercial kits, i.e., DQ-alpha and Poly-
Marker systems, are based on a dot/blot format for SSO typing and are
currently in use by many crime labs. The resultant dot/blot strip has a series
of spots that turn blue if the reaction is positive and in this way give a series
of yes/no results. These dot/blot tests are quite rapid and work reasonably
well despite sample degradation, but do not harbor the same discriminatory
power as RFLP tests.

AmpFLPs and STRs
VNTR polymorphisms can be typed by both RFLP and by PCR methods.
Since smaller loci are desired for amplification, generally the VNTR loci typed
by PCR methods are different from those that are typed using RFLP methods.
Regions with core repeat sequences greater than 7 bp have been called “mini-
satellite” or “long tandem repeat” (LTR) regions. Those with core repeat
sequences of approximately 3 to 7 bp are called “microsatellite” or “short
tandem repeat” (STR) regions. Dinucleotide repeats are not generally used
in forensic science laboratories due to the artifactual production of so-called
“shadow” and “stutter” bands.

The shorter STR fragments are generally preferable for a variety of tech-
nical reasons. A number of STR systems are available for use in identification,
and commercial kits are available. These STR systems work well despite
significant degradation and are quite amenable to automation. Sufficient
numbers of STR systems can be performed to achieve discriminatory powers
©1997 CRC Press LLC



      
similar to current RFLP testing. The British and Canadian crime labs are
moving towards using STR systems exclusively.

Mitochondrial DNA (MtDNA)
Not only is DNA present within chromosomes in the nuclei of cells, but DNA
is also present in the mitochondria of cells. Mitochondria are known as the
powerhouses of the cells as they are the primary machinery for accomplishing
oxidative metabolism. Tens, hundreds, or even thousands of mitochondria
are present within a single cell and each mitochondrion may contain several
mitochondrial “DNA particles”. Consequently, a cell contains only one copy
of nuclear DNA, but literally thousands of copies of the 16,000-bp mitochon-
drial DNA (MtDNA) sequence; hence a mitochondrial DNA type can be
obtained when the nuclear DNA type cannot.

Since no significant regions of repetitive DNA exist in MtDNA, only
sequence polymorphisms are typed. The region of MtDNA which is analyzed
for human identification is the noncoding region known as the displacement
loop (D-loop) or control region. The degree of polymorphism in the D-loop
is so great that direct sequencing may be the most efficient method of typing
MtDNA, although a commercial dot/blot system is in development.

Another unique feature of MtDNA is its mode of inheritance — one half
of nuclear DNA is from the mother and one half from the father. Mitochon-
dria are inherited in a strictly mother-to-child manner; there is no paternal
contribution. Because there is no recombination and because only a single
(unpaired) copy is present in the cell, an exact sequence match is anticipated.
Accordingly, MtDNA can be traced through a family via maternal lineages
for many generations.

Mitochondrial DNA sequencing has great application to severely decom-
posed and skeletonized remains. However, the discriminatory power is lim-
ited; discriminatory powers are often of the order of one in a hundred. Very
few laboratories are performing this kind of testing at this point in time.

Specimen Selection, Collection, and Preservation

DNA can be isolated and tested from virtually any postmortem tissue,
although after death it will undergo progressive fragmentation. DNA is gen-
erally broken down (degraded) into fragments through autolytic and bacte-
rial enzymes, specifically DNases. Nevertheless, the sequence information is
still present within the DNA fragments and therefore the information is not
completely lost despite the fairly extensive fragmentation which occurs from
decomposition. However, not all DNA testing is appropriate or possible when
the DNA is degraded. Traditional RFLP testing will require nondegraded high
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molecular weight DNA, whereas PCR-based analysis can be performed on
degraded samples and mitochondrial DNA can be obtained from skeletal
remains when nuclear DNA cannot.

In relatively fresh cadavers, unclotted blood (EDTA anticoagulated in a
purple-top tube) is the preferable source of DNA. Although heme is an
inhibitor of PCR, laboratories are accustomed to blood as a DNA specimen
and although only white blood cells carry the DNA, ample DNA is present
for testing. Due to the settling out of white blood cells, clotted blood may
not be a good source of DNA. Blood is a good culture medium and bacterial
growth may render blood samples useless. Virtually any tissue can be used
successfully for DNA typing purposes. Brain tissue is said to be a particularly
good source in intermediate post-mortem time periods. Hard tissues (bone
and teeth) are the best source of DNA in cases of advanced decomposition.

The specimens should be kept cold or preferably frozen (although
repeated freezing and thawing is not good). Desiccation, even simple air
drying, may be an adequate method of storage of some DNA specimens, e.g.,
bloodstains and bone. Tissues in formalin are not optimal, but can often be
used for PCR-based DNA testing. No tissues or biologic fluids should be
discarded as inadequate without first attempting DNA testing.

Due to the degree of sensitivity of PCR-based technologies, great care
should be taken to prevent contamination of one specimen by other sources
of DNA. Specimens should be collected with gloves and pristine instruments.
Fresh tissues should be collected by an incisional biopsy technique, where
possible. Similarly, laboratory testing should be carried out with particular
precautions against the possibility of contamination, including separating
the pre-PCR sample preparation area from the post-PCR analysis area.

Teeth themselves can be excellent sources of DNA. In fact, the same
reasons that permit the survival of teeth for dental identification similarly
protect the DNA within teeth. Accordingly, teeth are a better source of DNA
than skeletal bones, which are better than soft tissues in cases of very decom-
posed remains. DNA is present in the vascular pulp of the tooth, but it is
also found throughout the tooth in varying levels, particularly in the odon-
toblastic processes, accessory canals, and cellular cementum. Most informa-
tion necessary for traditional dental identification is present in the crown
(enamel and dentin) of the tooth. Consequently, a tooth can be sectioned
horizontally through the cervical root subjacent to the cementoenamel junc-
tion, preserving most restorations for traditional dental comparison pur-
poses. Although somewhat greater amounts of DNA are obtained by crushing
the entire tooth, this conservative method of sampling DNA from teeth has
been found to be quite adequate.

The first step in extraction of DNA from bone or teeth is to break up
the tissue to expose the DNA to the extraction medium. Early techniques
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involved the fracturing of bone by freezing it in liquid nitrogen, but subse-
quent protocols specify breaking the tissue with a mortar and pestle and then
grinding the tissue into a coarse powder in a grinding mill. Protocols have
differed in requiring or not requiring a decalcification step. We have found
that decalcification is not only unnecessary, but approximately half of the
DNA is lost through the dilution and imperfect recovery involved. The next
step in most protocols is incubation in a proteinase-K solution to enzymat-
ically digest proteins and release the DNA. After incubation in a buffer
solution, standard DNA extraction procedures may then be performed.

Reference Samples/Databases

The lack of an antemortem dental X-ray or fingerprint record is the most
common reason for the inability to obtain identification by traditional iden-
tification methods, whereas reference specimens for DNA testing are gener-
ally available from family members.

Specimens from the spouse and children will permit “reverse paternity”
testing using nuclear DNA probes. Parental specimens, and possibly those
from siblings, will permit identification, particularly in closed populations.
Reconstruction from scattered relatives is often possible, but the statistical
inference is substantially diminished. Mitochondrial DNA analysis must be
performed on maternal kindred (mothers, siblings, children only in the case
of a female), but unlike nuclear DNA identification, it can be performed even
in distant relatives (maternal aunts and uncles, children of sisters).

It is not always possible or desirable to use families for reference speci-
mens. Sometimes family members are no longer alive. Sometimes the family
members are not known or their whereabouts cannot be determined. Some
individuals are adopted into their families and therefore the family is not
appropriate as reference specimens. Often it is awkward to approach families
on the mere possibility of an identification. Except in the case of mitochon-
drial DNA sequence comparisons, pedigree analysis permits only inferential
and less compelling conclusions than a sample from the individual himself.
Furthermore, mutations render occasional identifications problematic.

Rather than secondary reference samples from family members, primary
DNA specimens of the individual may be available from toothbrushes, biop-
sies or tissue slides archived in a hospital’s pathology department, from stored
blood donations, from licked envelopes and stamps, or in the case of mito-
chondrial DNA from locks of baby hair or clippings from an electric shaver.
All states require the taking of bloodstains from infants for phenylketonuria
(PKU) testing; some state health departments store these cards for significant
periods of time.
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Not only can DNA be obtained from teeth for primary identification,
but it can also be obtained for reference DNA purposes. We have seen cases
in which teeth have been identified, and the DNA from the tooth used as a
reference DNA source to identify other tissue fragments.

The majority of states now have legislation creating DNA databases of
convicted sex and violent offenders; other states will likely enact such legis-
lation. These state DNA databanks will be linked by the FBI’s National DNA
Identification Index (also known as the Combined DNA Index System or
CODIS) and will include a file for unidentified and missing persons. This
computer system is separate and apart from the NCIC.

Due to the tremendous utility of DNA identification, the military estab-
lished the DOD DNA Registry for the purpose of human remains identifi-
cation. The DNA Registry is comprised of the Armed Forces DNA
Identification Laboratory and the DOD DNA Specimen Repository. By the
year 2001 all active duty military will have buccal swabs and dried bloodstain
DNA specimen cards on file. The DNA Registry has already proven itself to
be of great benefit. With the establishment of the DNA Registry, the military’s
duplicate panograph program will be phased out.

DNA identification represents a significant new adjunct to traditional
methods of identification.
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3Issues Regarding 
Scientific Testing

GLENN N. WAGNER
LARRY D. WILLIAMS

Introduction

In 1992, the National Research Council (NRC), in giving its stamp of approval
on the use of forensic DNA typing to obtain identification information,
observed “… DNA technology is at least as reliable as other forensic methods
and is therefore more likely to result in definitive identification and exclusion.”1

In its 1990 report,2 the Office of Technology Assessment specifically noted:

The Office of Technology Assessment (OTA) finds that forensic use of DNA
tests are both reliable and valid when properly performed and analyzed by
skilled personnel. Molecular genetics techniques can accurately disclose
DNA patterns that reflect DNA differences among humans. Questions about
the validity of DNA typing — either the knowledge base supporting tech-
nologies that detect genetic differences or the underlying principles of
applying the techniques per se — are red herrings that do the courts and
the public a disservice.3

However, the NRC also cautioned that the introduction of a powerful
new technology is likely to set up unwarranted or unrealistic expectations.4

Chief among these expectations is the perception that trial judges and lay
juries will give more credence to the improbability that two people will have
the same allele or gene component at the same location on a chromosome.5

Moreover, there is the “inappropriate” expectation that, given the magnitude
of this technology, juries will, perhaps, overlook errors in quality assurance
and laboratory mistakes. Indeed, this new scientific evidence may “assume a
posture of mystic infallibility”.6

This section addresses this powerful technology from the standpoint of
some of the constitutional issues relating to obtaining DNA blood specimens
from criminal suspects and, to a lesser extent, tissue specimens from cadavers.
The plethora of issues surrounding its reliability and relevancy at criminal
trials will also be examined. Finally, an assessment of the impact of estab-
lishing and using DNA databanks will be covered.
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Body Intrusions

There are many scientific techniques7 or procedures that are employed to test
physical artifacts such as semen, skin, hair follicles, blood, or bone and organs
found at a crime scene or mass disaster to establish the identity of the
contributor. DNA analysis is but one of these procedures which compares
samples of known and unknown origins in order to determine the possibility
of a common origin of the samples.

The focus on body intrusions will be to assess the constitutional impact
on a suspect’s rights when he is involuntarily required to provide a sample
of his blood for DNA analysis. While the courts appear uniform in their
handling of these cases, two constitutional arguments are usually advanced:
that it is unreasonable to extract blood for DNA analysis without a warrant
and, failing there, the seizure of blood represents a violation of one’s right
against self-incrimination.

In criminal proceedings, as a general proposition, it is fairly well estab-
lished that a suspect has a constitutional right to be free from unreasonable
searches and seizures,8 as well as the right not to provide self-incriminating
evidence.9 The Fourth Amendment right protects suspects against intrusions
into their body (search) and the extraction (seizure) of body fluids unless
there is a search warrant. The Fifth Amendment protects “communications”
and “testimony”.10

Schmerber v. California11 is the leading Supreme Court case on intrusions
into the body for the collection of evidence. Inter alia, the case stands for the
proposition that, in the absence of an “emergency” (to preclude destruction
of evidence such as alcohol or other contraband), extracting blood must be
done after securing a warrant12 based on “probable cause”.13 The Court sup-
ported its reasoning for a warrant by observing: “The importance of the
informed, detached and deliberate determinations of the issue whether or
not to invade another’s body in search of evidence of guilt is indisputable
and great.”14 The Court, in carefully balancing the privacy rights of a defen-
dant on the one hand and the rights of a state to secure evidence where there
is the possibility of its rapid destruction, allowed the seizure without benefit
of a warrant. It follows then that a seizure of blood for DNA analysis (the
components of the blood will not be destroyed) will not be supportable
absent a search warrant.15

It was also argued in Schmerber that the involuntary taking of his blood
for analysis of its alcoholic content represented a form of communication or
testimony and, hence, violated his right not to provide self-incriminating
“evidence” in the form of blood. In rejecting Schmerber’s characterization
of the taking of his blood as amounting to a communication or testimony,
the Court said:
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It is clear that the protection of the privilege reaches an accused’s communi-
cation, whatever form they might take. On the other hand, both federal and
states courts have usually held that it offers no protection against compulsion
to submit to fingerprinting, photographing, or measurements, to write or
speak for identification, to appear in court, to stand, to assume a stance, to
walk, or to make a particular gesture. The distinction which has emerged, often
expressed in different ways, is that the privilege is a bar against compelling
“communications” or “testimony,” but that compulsion which makes a suspect
or accused the source of “real or physical” evidence does not violate it.16

One final caveat must always be observed when such intrusive procedures
are employed, namely, that the extraction be done in a reasonable fashion
using medical personnel with appropriate qualifications.17

Of course, consent from the person whose blood for DNA analysis is
sought may obviate the above constitutional issues. Two underpinnings sup-
port consent searches. The first is that when one consents, he or she “waives”
his or her Fourth Amendment rights. The second theory is that consent is a
valid exception to the warrant requirement of the Fourth Amendment. Nat-
urally, consent to the search must be an act of free will, unfettered by police
pressure and restraint.18

Testing Human Remains

Obtaining and testing DNA specimens from human remains or cadavers will
largely depend upon the circumstances surrounding the death. If, for exam-
ple, the death investigation falls within the statutory authority of the coroner
or medical examiner, obtaining a specimen to complete the investigation
requires no consent of the next of kin.19 Mass disasters such as the confla-
gration in Texas involving David Koresh and his followers, or the myriad
airplane crashes where identification of fragmented remains is crucial, are
other examples where the statutory authority of the local coroner is yet again
invoked. This legislatively imposed authority is generally not the subject of
case law or a problem area.

Novel Scientific Evidence and the Courts — An Introduction

With regard to the admissibility of scientific evidence in trials, Judge Cox20

found it instructive to group evidence into three levels. At the top rung, the
reliability or acceptance of the scientific principles are so overwhelmingly
accepted by the courts that a proponent need not establish the principle each
time. Fingerprint identification21 and bite marks22 are examples. At the bottom
rung, “lies a junk pile of contraptions, practices, techniques, etc., that have
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been so universally discredited”23 that a judge will reject them as a matter of
course. Examples include astrology and voodoo. At the middle rung is where
novel scientific evidence is placed because the evidence can neither be
accepted nor rejected out of hand. To this third category, we assign polygraph
evidence24 and DNA identification evidence. Moreover, “a proponent must
lay a proper foundation [using experts in the area], focusing on the under-
lying principles and techniques of the procedures involved.”25

Two other methods have also been employed to recognize the validity of
a particular scientific technique. Namely, through the use of legislative
action26 and through the use of a trial technique called stipulation.27

Professors Gianelli and Imwinkelried28 offer an analytical framework for
the admissibility of scientific evidence. They observe that “[t]he reliability of
evidence derived from a scientific theory depends on: (1) the validity of the
technique applying that theory and (2) the proper application of the tech-
nique on a particular occasion.”29 They refer to this approach, which will be
discussed later, as relevancy. Irrespective of the approach courts take, any
new technique is established primarily using expert testimony.

The Frye Test

An analytical approach using the “general acceptance” test to establish the
reliability of scientific evidence was first espoused in Frye v. United States.30

With notable exception in the federal courts,31 Frye currently reigns as
the “gold standard” in a large number of state court jurisdictions.32

The Frye rule of “general acceptance” was first enunciated over 70 years
ago in a District of Columbia criminal trial where the defendant sought to
introduce results of a systolic blood pressure deception test. This test, a
precursor to the modern-day polygraph machine, was proffered to establish
that the defendant was telling the truth.

In excluding the proffered evidence, the court said:

Just when a scientific principle or discovery crosses the line between the
experimental and demonstrable stages is difficult to define. Somewhere in
this twilight zone the evidential force of the principle must be recognized,
and while the courts will go a long way in admitting expert testimony
deduced from a well-recognized scientific principle or discovery, the thing
from which the deduction is made must be sufficiently established to have
gained general acceptance in the particular field to which it belongs.33

Clearly, those jurisdictions following the Frye test seek to ensure that the
evidence is reliable. The D.C. Circuit has observed: “The requirement of
general acceptance in the scientific community assures that those most qualified
to access the general validity of a scientific method will have a determinative
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voice.”34 Reliability is critically important because scientific evidence takes
on “an aura of infallibility,”35 with judges and juries whose comprehension,
given the complexities of modern science, quite often is lacking.

Utilizing the Frye test, several key questions arise. First, is it the principle
or the technique that must first be generally accepted.36 The term “principle”
relates to possible theories or scientific rules scientists usually rely on in
developing the technique. The term “technique” generally means the actual
procedure, to include instrumentation used. In the Frye case, the court, in
focusing on the principle, stated that there was no generally accepted con-
nection between variations in blood pressure and deception.37

The second question revolves around the meaning of “acceptance.” Some
courts have expressed the view that the acceptance must be “substantial”,38

or a demonstration that a “clear majority” was needed.39

In DNA analysis, the case of People v. Wesley40 provides some insight into
the relevant fields of acceptance. In Wesley, bloodstained apparel was seized from
the defendant. As is the customary procedure, law enforcement officials wanted
blood and hair specimens as reference specimens when DNA testing was done
of the clothing and specimens taken from the body of the victim. Applying the
Frye test to forensic DNA analysis, the court determined that the broad fields
of acceptance were genetics, population statistics, and molecular biology.

Criticisms of Frye
Despite its popularity, the Frye test has not been without its critics. Maletskos
and Spielman observed: “A literal reading of Frye v. United States would
require that the courts always await the passing of a ‘cultural lag’ during which
period the new method will have had sufficient time to diffuse through
scientific discipline and create the requisite body of scientific opinion needed
for acceptability.”41

Another Frye criticism suggests that the validity issue is reposed in the
scientific community and not in the courts where it belongs.42 Professors
Gianelli and Inwinkelried sum up some of the criticism with their observa-
tion that irrespective of the test applied, the objective should be “preventing
the admission of unreliable scientific evidence.”43

Relevancy Test of the Federal Rules

The second approach to the evaluation of the reliability of scientific evidence
is the relevancy test. Using this approach, novel scientific evidence is treated
no differently that other expert testimony. Although of recent origin, it cer-
tainly seems the more enlightened approach.

The “relevancy” test is largely an outgrowth of criticism lodged against
Frye and the 1975 enactment of the Federal Rules of Evidence (FRE). The
thrust of the test lies in FRE 401, 402, and 403.
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FRE 402 indicates: “All relevant evidence is admissible, except as other-
wise provided by the Constitution of the United States, by Act of Congress,
by these rules, or by other rules prescribed by the Supreme Court pursuant
to statutory authority. Evidence which is not relevant is not admissible.”

FRE 401 defines “relevant evidence” as “evidence having any tendency to
make the existence of any fact that is of consequence to the determination
of the action more probable or less probable than it would be without the
evidence.”

FRE 403 even warns the judge who must rule on its admissibility to
exclude even relevant evidence

…if its probative value is substantially outweighed by the danger of unfair
prejudice, confusion of the issues, or misleading the members [juries], or
by consideration of undue delay, waste of time, or needless presentation of
cumulative evidence.

FRE 702 controls the use of expert testimony. It provides that,

[I]f scientific, technical, or other specialized knowledge will assist the trier
of fact [judge or jury] to understand the evidence or to determine a fact in
issue, a witness qualified as an expert by knowledge, skill, experience, train-
ing, or education, may testify hereto in the form of an opinion or otherwise.

Prior to the Supreme Court’s pronouncement in Daubert,44 one of the
leading cases interpreting this new approach was United States v. Downing.45

Downing was a mail fraud case where the issue was whether the defendant
was in fact a person using the alias “Reverend Claymore”. After 12 witnesses
said that he was Claymore, the defense proffered the testimony of an expert
witness on the unreliability of eyewitness testimony. The Court rejected the
testimony and relied on FRE 702. The court opined that the proffered testi-
mony was not “helpful”. The court then proceeded to outline what has been
referred to as the Downing criteria:

1. The soundness and reliability of the process or technique used in
generating the evidence

2. The possibility that admitting the evidence would overwhelm, con-
fuse, or mislead the jury

3. The proffered connection between the scientific research or test result
to the presented, and the particular disputed factual issues in the case46

The seminal case and the only Supreme Court case to address this new
approach is Daubert.47 Prior to the Court’s ruling, there had been consider-
able division in the federal circuits. The issue was whether the Federal Rules
of Evidence superseded Frye in providing the standard for admitting expert
©1997 CRC Press LLC



                  
scientific testimony in a federal trial. The Supreme Court answered in the
affirmative and rejected the Frye “general acceptance” test.48 In reviewing
FRE 702, the Court listed several factors a trial judge should consider in
evaluating a proffer of expert scientific testimony. Those nonexclusive factors
include:

1. Whether the theory or technique in question can be tested
2. Whether it has been subjected to peer review and publication
3. Its known or potential error rate and existence and maintenance of

standards controlling its operation
4. Whether it has attracted widespread acceptance within a relevant sci-

entific community

The Court noted that the inquiry is a flexible one requiring focus on prin-
ciples and methodology and not on the conclusions they generate.49 In focus-
ing in on the “helpfulness” standard of FRE 702 (the evidence must assist
the trier of fact to understand the evidence or to determine a fact in issue),
the Court’s use of the following example is instructive:

The study of the phases of the moon, for example, may provide valid
scientific “knowledge” about whether a certain night was dark, and if dark-
ness is a fact in issue, the knowledge will assist the trier of fact. However,
(absent creditable grounds supporting such a link), evidence that the moon
was full on a certain night will not assist the trier of fact in determining
whether an individual was unusually likely to have behaved irrationally on
that night.50

The Court found nothing in the text of FRE 702 which “establishes
‘general acceptance’ as an absolute prerequisite to admissibility.”51 The Court
continued by proclaiming that since the Rules have liberal application, the
rigid “general acceptance” approach of Frye is at odds with this new approach.

Problems Applying DNA Test Results

Irrespective of the analytical approach — general acceptance or relevancy —
courts, legal commentators, and the treatise writers generally agree DNA
profiling, as a novel scientific procedure, has received broad support and has
been admitted into evidence.52

Professor Imwinkelried, in a comment,53 provides an in-depth discussion
into the debate surrounding admissibility of DNA evidence. He concludes
that courts have been receptive to the technology and most have found DNA
typing a trustworthy technique. If there are shortcomings in which techni-
cians conduct DNA tests, such shortcomings do not affect the admissibility
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of the test results, only the weight a judge or jury should accord it. Hence, a
judge or jury might give little or no weight at all to the expert’s testimony.

The success of the application of DNA profiling in the identification of
defendants, by its very nature, depends largely on a case-by-case analysis.
This approach is in keeping with Judge Cox’s classification that some novel
scientific evidence can neither be accepted nor rejected outright.54

However, the most frequent challenges that opponents to DNA profiling
raise are (1) adequacy of genetic interpretations; (2) quality assurance of
testing procedures; and (3) the inference of unfairness to defendants.

Adequacy of Genetic Interpretations
After a proponent has successfully proffered evidence establishing the DNA
technique and that sound laboratory procedures were followed, there must
be a scientifically reliable method of determining the probabilities or fre-
quency of a matching profile. The purpose of frequency estimates is to give
meaning to the match by showing the likelihood that an unrelated person in
the reference population would be a chance match.55 As the NRC noted, it
is meaningless “[t]o say that two patterns match, without providing any
scientifically valid estimate (or, at least, an upper bound) of the frequency
with which such matches might occur by chance.”56

To develop their frequency estimates, forensic laboratories establish data-
bases of analyzed blood specimens (usually several hundred) of different
ethnic groups from different parts of the U.S. By using its RFLP57 radioactive
probes on the samples, the laboratory creates band patterns or images on the
autoradiograph. Each band represents one particular match allele. The bands
are then grouped by the size of DNA fragments and then placed into “bins”
for purposes of comparing the percentage of the public that has that band.

The percentage of bands falling into a particular bin is established as the
percentage of the population possessing that particular allele. The percent-
ages for each allele, reflected in each “probe” [citation omitted] in the
“series” [citation omitted] performed for a particular DNA analysis, are
multiplied together. That result is then multiplied by 2, reflecting the com-
position of an individual’s DNA from the combination of each parent’s
DNA. The result of this final multiplication is the statistical probability of
that particular DNA being repeated in the general population.58

The NRC emphasizes that when calculating population frequency estimates,
the scientifically accepted Hardy-Weinberg equilibrium59 and linkage
disequilibrium60 principles must be applied and that no significant deviations
should exist. Proper application of these principles will also reduce criticism
about the population database being too small to provide an accurate statistic
probability or population substructure.
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Recent state court cases61 are instructive of the importance of statistical
probability. State v. Bible 62 opined that although DNA sample matching met
the Frye test, there was no general acceptance in the relevant scientific com-
munity of the procedures used to calculate statistical probability of a random
match. The court excluded expert opinion that the chances were “one in
fourteen billion or, more conservatively, one in sixty millions that the blood
on [the] defendant’s shirt was not the victim’s.” Similarly, in Illinois v. Wat-
son,63 the court stated that the FBI’s method for estimating the probability
that the “match” between the evidence seized at the crime scene and defen-
dant’s DNA could occur at random is not “generally accepted” as reliable
among populations geneticists. Hence, the FBI statistics and the expert’s
testimony were excluded.

In People v. Barney,64 the California court excluded the DNA profile
product rule method of determining statistical probability of a match because
the methodology was found not generally accepted in the scientific community.

Quality Assurance of Testing Procedures
In years past, most of the problems DNA forensic laboratories experienced
in quality assurance/quality control centered around lack of controls, inad-
equate population statistical data, or a failure to share or reveal those proce-
dures. The decisions in Castro65 and Schwartz 66 which excluded the proffered
evidence reflect those earlier deficiencies.

The FBI, due to its proactive approach, is the recognized leader in the
development of “guidelines” for DNA forensic laboratories. In 1989, it assem-
bled the Technical Working Group on DNA Analysis Methods (TWGDAM)
to discuss methods, protocols, and results for DNA RFLP analysis.67 The
guideline this working group developed is the “gold standard”.

Moreover, other organizations such as the National Committee on Foren-
sic DNA Typing (NCFDT) and the National Institute of Standards and Tech-
nology (NIST) are working to develop standards and controls.

While forensic laboratories have made great strides in shoring up their
procedures, each time a proponent of DNA profiling seeks its admission there
must be a demonstration of strict adherence to all laboratory procedures.

Inference of Unfairness to Defendants
Aside from the previously mentioned discussions concerning the theories
of admissibility of DNA profiling technology, arguably, calculating the
population profile frequency and expressing it in terms of probability (1
in 135,000,000)68 carries with it grave dangers of undue prejudice and
misleading a jury. While it cannot be gainsaid that the seminal purpose for
using scientific evidence is to assist a judge or jury in resolving a particular
fact, many courts have recognized the danger of undue prejudice to a
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defendant’s due process rights when controversial probability statistics are
used. This conclusion in no way lessens the powerful probative value
assigned to the argument that once a “match” has occurred, statistical rules
allow the use of such probability estimations. However, some courts have
opted to exclude such expert DNA testimony relying on “due process” and
“fairness” to support their reasoning. In State v. Schwartz,69 the Court, in
excluding DNA evidence, merely expressed grave reservations that juries
in criminal trials would give undue deference to these statistical probabil-
ities. Subsequent to this decision, the state legislature passed a law providing
for the admission of statistical probability evidence relating to DNA test
results.70

Establishment and Use of DNA Databanks

Introduction

Despite enormous potential benefits, particularly in the identity of criminal
defendants and the elimination of unidentified soldiers in future wars, the
establishment and use of DNA databanks has not been without its critics.
The principal threat is to individual privacy.71 In a 1988 speech to the Cali-
fornia Criminalistics Institute Seminar on DNA Identification, Attorney Gen-
eral Van de Kamp had this to say:

“It is one thing to have fingerprints and criminal histories easily accessible
to thousands of peace officers. It is quite another to have information
on-line that can mark you as a carrier of AIDS or prove that you are not
genetically related to either of your parents. Which of us would like to know
that we are genetically predisposed to Alzheimer’s disease or other illnesses?
And which of us would be willing to have such information easily available
to others?”72

Similarly, the Office of Technology Assessment recognizes the potential
for abusing information that is difficult “to access, to verify, or to correct.”73

One commentator74 also recognizes that “the technology for information
collection, storage, and retrieval has outpaced the technology for safeguard-
ing databanks of personal information.”75 Others76 point out that “perhaps
the strongest single pressure motivating interagency information transfers is
that the cost effectiveness of any data collection activity depends in part on
the number of users who can share its fruits.”77

In summary, following are some of the privacy concerns generated by
DNA databanks:
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1. Will insurers, health and life, have access to results to deny, increase,
or limit coverage based on genetic predisposition to various diseases?

2. Who will have accessibility and why?
3. Will employers improperly use results to make hiring decisions, pro-

motion decisions, or specific job placement decisions?
4. Will educational institutions use testing as part of the admissions

process?

Law Enforcement Use

It is not surprising that state and federal law enforcement officials, showing
a new resolve borne of desperation, have turned to the establishment of
databanks in their war against crime. The theory is that if this powerful
technology may assist in either inculpating or exculpating a particular sus-
pect, perhaps it could be used to find them as well. Hence, when trace biologic
evidence such as hair follicles, blood, semen, or other DNA-rendering spec-
imens are found at a crime scene, law enforcement officials may now compare
the results of their DNA typing to other profiles already stored. The use of
DNA analysis from these databanks, however, will not be a panacea for the
detection of criminals. One significant role of this forensic evidence will
be to corroborate other evidence of criminal misconduct. Davies78 provides
an excellent review of the London Metropolitan Police Forensic Science
Laboratory’s DNA Index. This Index functions to (1) identify serial crimes;
(2) link a suspect to a previous unsolved case; and (3) nominate a suspect
for a current case. The Index records DNA profiles from personal samples,
fluid stains from offenders in unsolved cases, and bloodstains from other
crimes.

The use of DNA databanks, notwithstanding privacy considerations,
should be no different than the Automated Fingerprint Identification System
(AFIS) databank currently employed by the FBI.79 Once the evidence from
the specimen has been profiled, the “pattern of bands” or prints will be
digitized for easy retrieval and comparison.

While there are similarities between AFIS and a DNA databank, including
the requirement that both use trained technicians to read and interpret the
data, the DNA databank would prove a more powerful quantitative statement
when two samples are found to “match”. Hence, while one’s fingerprint might
be helpful in establishing one’s presence at the scene of a crime, evidence of
his unique DNA would be offered to help establish that he could be the source
of the evidence, and therefore, is guilty of the crime.
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State and Federal Databanks

Several states80 have enacted DNA statutes mandating that convicted felons
and sex offenders provide a blood sample for DNA analysis and storage. The
Virginia statute81 is fairly representative. Generally, the blood specimens are
collected upon entry into the prison system or as a condition of release on
probation if no confinement is adjudged. In addition to analysis and storage,
the Virginia statute allows for the release of databank information to federal,
state, and local law enforcement officials in furtherance of an official inves-
tigation.82 Unauthorized use is also prohibited.83

The rationale supporting these databank statutes is a state’s special inter-
est in detecting future suspects. Studies have established that felons and sex
offenders have a high rate of recidivism.84

The FBI, in cooperation with states’ crime laboratories, has established
its own databank called Combined DNA Index System (CODIS). This
national databank will contain DNA profiling information from the various
states’ crime laboratories on convicted felons and sex offenders and serve as
a repository and clearing house. The databank will be especially helpful in
comparing profiles in unsolved crimes in other jurisdictions and the identity
of missing persons.

Military Databank

The primary means of remains identification within the military are finger-
print and dental comparisons.85 According to Dr. Weedn, the FBI is missing
a percentage of service members’ fingerprint records which were rejected for
a variety of technical reasons. Moreover, fingerprint identification may be of
little assistance on fragmented, decomposed, or incinerated remains.86 Even
dental identifications are lacking where there are no restorations in service
members’ records or where the remains are so fragmented, no teeth can be
found for analysis.87

The timely and accurate identification of service members’ remains and
the expeditious return of remains to next-of-kin is critically important.
Hence, in 1991, and largely as a result of the Persian Gulf conflict, the
Department of Defense (DOD) created the Armed Forces DNA Identification
Laboratory and authorized the use of DNA analysis to aid in the identification
of remains.88 According to Dr. Weedn, without reference specimens of service
members’ DNA, the DNA laboratory’s primary role at that time was one of
reassociation of body fragments using antibody profiling.89 Of course, tradi-
tional methods of identification such as fingerprint comparison, serological
analysis, and medical and dental radiograph comparisons were and still are
employed.
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In 1993, as a result of the limitations of tissue identification, the Assistant
Secretary of Defense for Health Affairs established the DOD DNA Repository
of Specimen Samples at the Armed Forces Institute of Pathology, Walter Reed
Army Medical Center, Washington, D.C.90

The DOD DNA Registry was created “to facilitate remains identifica-
tion.”91 In addition to the DOD security measures, the Privacy Act of 197492

limits access to the data bank. Reference specimens,93 when completed, will
be collected from all active and reserve components service members. Spec-
imens from relatives of service members who are missing in action (MIAs)
may also be collected for later testing should MIA remains be repatriated.94

Given the capabilities of this new database and identification laboratory, the
DOD may never have to bury the remains of another unknown soldier. This
is a stark contrast from previous wars where a significant number of service
members were never identified.
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4Forensic Anthropology

WILLIAM R. MAPLES

Introduction

Forensic odontologists often work with specialists in other fields of forensic
science. Besides the forensic pathologist, the forensic anthropologist is per-
haps the next most common collaborating colleague.

The application of physical or biological anthropology in the legal iden-
tification process was described in lectures at Harvard before the end of the
last century (Stewart, 1979) and was used in the courtroom by a Harvard
Ph.D., George Dorsey, in Chicago homicide trials in 1897 and 1898 (Stewart,
1976). While this forensic application of physical anthropology dates to the
time of the beginnings of physical anthropology in this country, forensic
anthropology was not widely practiced on a regular basis until after World
War II. The last 20 years have seen rapid growth of the field, both in cases
and practitioners, but even today, full-time forensic anthropologists are rare.
Most forensic anthropologists are employed as faculty in universities or
museums. Approximately 45 are diplomates of the American Board of Foren-
sic Anthropology. The average individual forensic work load is probably a
dozen or less cases per year.

While forensic odontologists and anthropologists are both primarily
interested in the hard tissues of the body, the forensic anthropologist usually
devotes more attention to the osseous material rather than dental evidence.
That is not to say that physical anthropologists do not study the evolution
and variation of human dentition, nor does it imply that the dentist is
unschooled in the anatomy of the skull.

Role of the Forensic Anthropologist

Forensic anthropologists may be asked for very specific information such as
an estimation of age at death, or they may be asked to give all information
that can be determined from the skeletal remains. The anthropologist can
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be useful in cases when the remains of the deceased cannot be fully evaluated
during a normal post-mortem examination by the pathologist. These remains
may include those where the soft tissues have partially or completely decom-
posed, or where the remains have been burned or mutilated by intent or
accident. In cases where the body is intact, the specialist in human osteology
may be helpful in determining weapon characteristics from damage to the
skeletal system. Lastly, the anthropologist may be able to establish identifi-
cation by a number of means, including the comparison of antemortem and
postmortem radiographs.

The anthropologist must remove remaining soft tissue from the skeletal
evidence before any analysis can be done. In a mass disaster this is not always
possible because of the time factor, and in those instances the techniques
must be modified or limited to those that can be used with remaining soft
tissue. Usually, more radiography is necessary when soft tissue cannot be
removed.

Removal of soft tissue, sometimes after initial radiography of the remains,
is usually accomplished by boiling, preferably under an odor hood. Forensic
anthropology laboratories that are properly equipped have odor hoods over
stainless steel sinks, an X-ray machine, radiograph dry processing and dupli-
cating equipment, osteometric instruments, video superimposition equip-
ment, and ample macrophotographic capabilities. Adequate space for layout
and storage of skeletal remains must be available. Perhaps 40 years ago,
anthropologists were brought only dry skeletal remains, but today more
remains come to the anthropologist with soft tissue and other malodorous
materials. Today, it is increasingly difficult for the anthropologist to handle
the cases in a faculty office or small laboratory in an academic building shared
by faculty members who fail to share the forensic anthropologist’s interest
in the recently dead.

The boiling of remains also reduces the biohazard exposure for the staff
of the anthropology laboratory, as well as those handling the remains after-
wards, such as the forensic dentist, prosecutors, and other attorneys.

Techniques

The various techniques used by the forensic anthropologist are discussed in
detail in a number of books (Stewart, 1979; Rathbun and Buikstra, 1984;
Krogman and Iscan, 1986; Reichs, 1986). This chapter will be confined to
techniques that are particularly useful to the forensic dentist or those that
may produce conflicting conclusions between the dentist and the anthropol-
ogist. Remember, no single thing is always the best indicator of age, sex, or
race. The experienced forensic scientist considers a range of the available
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features and techniques before reaching a conclusion. Multiple indicators are
the key — not single indicators or techniques. Some techniques are poor in
most cases, some good in many cases, and some are good in most cases, but
none are reliable in every case. Remember too, that the first step must be to
confirm that the remains are human and how many individuals are present.
Incorrect conclusions at this point quickly lead to embarrassment or worse.

Dental aging techniques based on formation of the crown, eruption, and
root tip completion are commonly used by dentists, often with very satisfac-
tory results, but occasionally age estimates derived from dental information
may be in conflict with skeletal age determinations. Anthropologists have
learned in case after case that multiple aging techniques usually give some-
what different ages for any particular set of remains. It is now common
practice to derive age estimates using as many techniques as possible before
using one’s experience and judgment to arrive at the best estimate, which is
usually stated in overlapping age estimates. So it is with dental aging. Very
often, especially in remains of teenaged victims, the anthropological age
estimate and the dental age estimate may not be in agreement, and occasion-
ally there may be extreme differences. The most often-used dental age data
comes from Schour and Massler (1940). However, this study was based on
a sample that was very limited in number, race, and socioeconomic back-
ground (white upper-middle class). It is usually best to consider other aging
information before a final age estimate is determined.

Several years ago, a skeleton was found in Pennsylvania that was obvi-
ously immature both skeletally and dentally. Dentists estimated the age at
death to be 12 or 13 years, not over 14. An anthropologist, who only did the
occasional forensic examination, said that the skeleton was in her middle or
late teens. A teenager who had disappeared nine years earlier was suggested
as a possible identification, but the forensic dentists maintained that the
missing teenager was several years too old. The only ante-mortem radio-
graphs available were dental radiographs made before the missing girl entered
her teen years, hence before the extensive dental changes of very active years
of growth.

After almost a year of disagreement, the remains were taken to an expe-
rienced forensic anthropologist for further analysis. The dentist who escorted
the remains was careful to withhold all details of the missing girl. The anthro-
pologist first radiographed the jaws and suggested the dental age at approx-
imately 14 years. Then a detailed analysis was made of the state of epiphyseal
union exhibited throughout the skeleton. Finally, the anthropologist said the
deceased had reached her 16th birthday, but died before her 18th. Armed with
that conclusion, the anthropologist asked the dentist for the age of the missing
girl, which turned out to be 16 years and 11 months. Video superimposition of
dental details in antemortem and postmortem dental radiographs and of facial
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details in a photograph of the girl superimposed on the skull were used to
confirm this long-overdue identification. All available age indicators should
always be considered, particularly in children.

When very poor oral health is present, such as in transient people, the
dental age may appear to be greater than normal. Indeed, transients and
migrant workers often show increased periarticular lipping in the joints and
osteophytic lipping in the vertebrae. Increased caution is always indicated
when very poor oral health is present.

Two of the best-known and most experienced forensic anthropologists
of their time, Wilton Krogman and T. Dale Stewart (Krogman, 1962; Stewart,
1951) could determine the sex of skeletal remains correctly in about 80% of
the cases using the skull only, but in about 90% correctly when the pelvis
was used. Forensic dentists usually confine their analyses to the skulls, or
even the jaws. The forensic anthropologist can usually bring greater precision
to gender determination by using the entire skeletal remains.

The male skull is larger than the female skull, has better-marked muscle
attachment areas (nuchal and temporal lines), larger and blunter mastoid
processes, more superciliary development, much blunter superior orbital
margins, heavier zygomatic arches, larger jaws, and more sloping foreheads.
Males may show everted or neutral gonial angles, while females usually show
inverted or neutral gonial angles. The anterior mandible (chin) may be
squared or rounded in males, but is usually pointed or rounded in females.

Determination of sex in prepubescent remains is very difficult. Puberty
begins the development of many secondary sexual characteristics. Skeletally,
these are particularly distinctive in the male. For that reason, immature
skeletal remains that show male features of the cranial or postcranial skeleton
are probably male. One usually does not count the female and male features
in the immature skeleton to find which predominate. If such a skeleton shows
any male features, it is probably male.

There is less gender variation in the age of dental development than there
is in skeletal development. Hunt and Gleiser (1955) proposed that a dental
age estimate should first be determined in immature remains, and then
compared with male and female age estimates from techniques such as Greu-
lich and Pyle (1950) if the hand and wrist are intact, or the Pyle and Hoerr
(1955) age estimates for the knee. The females should show better agreement
of dental and skeletal ages using female standards, but very different ages
using male standards. The reverse is true for males, since males lag behind
females in skeletal maturation. This seems to be a very useful technique for
the determination of gender of immature remains.

There are many indicators of gender in the postcranial or infracranial
skeleton. Male joints are larger than those of females, so every long bone end
is useful. For example, a maximum diameter of the head of the femur that
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is 46 mm or more suggests that the deceased was male, while 43 mm or less
suggests female (44 mm and 45 mm are measurements shared by the tails of
male and female distributions). Muscle attachment areas, such as the linea
aspera on the femur, the supinator crest on the ulna, and the deltoid tuber-
osity on the humerus are examples of some useful features.

There are numerous discriminate function analyses available to deter-
mine sex, as well as race, from osteometric results using standardized mea-
surements. These are not only useful for initial conclusions, but may also be
used for added confirmation or for objective tests to demonstrate to others,
such as medical examiners and coroners, the basis for the conclusions. A
comprehensive collection of these formulas can be found in Bennett (1992).

Race is a population concept. Races are “populations which differ in the
frequency of some genes” (Dobzhansky, 1950). Since individuals within that
population vary considerably in their genes, it is very difficult to assign any
individual to a particular race with any reliability. The racial identity that we
carry with us throughout our lives is a sociological label, not a biological
reality. When we are asked to identify the race of a skeleton, the question is
really, “What racial label did society give him”? The forensic anthropologist,
the forensic odontologist, or the forensic pathologist may be able to give an
answer with reasonable certainty, based on skeletal and dental characteristics,
but as racial admixture is increasingly common in the last few decades, and
as immigrants flow into this country from distant areas of the world in large
numbers, racial identification becomes more difficult instead of more reli-
able. Any attempts to be too specific on race are likely to obfuscate rather
than elucidate. In most cases it is best to simply say, “black, white, mongoloid,
or perhaps an admixture of two of the major categories.” Racial classification
is difficult enough without the constant danger of socially unacceptable ter-
minology in this age of heightened sensitivities. The more one attempts to
use socially correct terms, the deeper the mire. For instance, if the skeleton
appears to be from a black person, the currently accepted term “African-
American” may seem reasonable. What we cannot usually diagnose from
skeletal remains is nationality. The deceased may have been an African-
American, but could also have been a Nigerian, Kenyan, or even Haitian.
Keep it as simple and free of additional social baggage as possible.

While the postcranial skeleton shows racial variation, the head — that
anatomical structure of shared interest of the forensic anthropologist and the
forensic odontologist — gives the most useful characteristics for racial diagnosis.

Obviously, there is considerable racial information in the teeth, but indi-
vidual teeth are seldom diagnostic. Shovel-shaped maxillary incisors (trace,
semi, or full), for example, are considered a Mongoloid trait and are found
in 100% of Aleuts studied (Cadien, 1972), but they may be found in indi-
viduals from any racial group in the world. The fact that a forensic skeleton
©1997 CRC Press LLC



        
has shovel-shaped incisors may suggest the possibility of Asian origins, but
does not exclude Eastern Europeans, Africans, or even Polynesians. Similarly,
large mesiodistal incisor diameters suggest African or Oceanian ancestry, but
the range of variation in all races precludes any absolute conclusion.

The shape of the upper dental row (v-shaped in whites, u-shaped in
blacks, and horseshoe-shaped in mongoloids), the width and shape of the
nasal aperture, the development of the nasal spine and the shape of the lower
margin of the nasal aperture, orbital and supraorbital shapes, the relative
length and height of the braincase, and the shape of the occipital bone are
some of the cranial features that are useful in the identification of racial
affinity. Alveolar prognathism, defined by anthropologists as the anterior
projection of the jaws, is also a good trait for race determination.

Height can be estimated after age, gender, and race of the remains are
determined. For the adult (other formulas must be used for immature
remains), the Trotter and Gleser (1952) formulas are probably the best.
Separate formulas are available for each of the six major long bones. In the
case of the humerus, radius, ulna, femur, and fibula, the measurement used
is the maximum length. The maximum length, not the bicondylar length, of
the femur is used. The tibia is measured from the most superior point on
the lateral condyle to the most inferior point on the medial malleolus, parallel
to the shaft of the bone. It must not be measured in a straight line between

Figure 4.1 An example of skeletal aging, the development and eventual union
of the distal epiphysis of the femur (from left to right) from before birth, neonatal,
approximately 4 years, subteen, mid-teen years, and adult.
©1997 CRC Press LLC



    
the two points with the shaft slanted on the measuring board. The inter-
condylar eminence (lateral and medial intercondylar tubercles) is not
included in the measurement. When left and right bones are both present,
the two sides are averaged.

Always use the formula which has the lowest standard error of the esti-
mate for the best estimate of stature. In all formula sets (white females, black
males, etc.) except for Mexican males, the formula for the combined lengths
of the tibia and femur gives the statistically most successful results. The fact
that the legs, not the arms, are better correlated with stature is not surprising.
Never average results from several formulas. That merely combines the best
results and the worst results to give a mediocre estimate.

After the age, sex, race, and height are determined, possible identifica-
tions are usually proposed by investigators assigned to the case. This critical
stage in the identification process is fraught with difficulties. Jewelry, credit
cards, clothing, automobile ownership, old fractures, or skeletal disorders are
not individually adequate to make civilian identifications (manifested crew
on a military aircraft can under certain circumstances be treated differently).
The identification must be proven biologically: by fingerprints, a good dental
record showing multiple restorations or extractions, antemortem/postmortem
radiograph comparisons, complex medical histories involving the skeleton

Figure 4.2 From left to right (upper view is lingual aspect, lower view is incisal
aspect), normal “unshoveled” incisor, slightly shoveled, moderate shoveling,
shoveled. Occasionally a very shoveled tooth will show the lingual shoveling and
some labial shoveling as well. (Illustration courtesy of Gina Collins.)
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or teeth, or sometimes, by superimposition. If an identification is accepted
without a firm biological basis, information from the remains may not be
admissible if the remains are no longer available for defense experts, e.g.,
after cremation.

The investigators must secure all useful records on the deceased. Obvi-
ously, dental records and radiographs must be sought, but medical radio-
graphs, medical records, DNA reference samples from appropriate relatives,
and photographs (especially “mug shots”) must be secured. If any ridge detail
remains in the soft tissue, fingerprints may still be useful. Fingerprint records
or latent fingerprints from rooms or personal belongings of missing persons
must be obtained. If hair is still present in the remains, reference samples
may be obtained from combs, hairbrushes, or handbags of the missing person
(hair alone cannot be used to confirm an identification). While most of the
techniques are well known, further discussion of medical records, antemor-
tem/postmortem radiograph comparisons, DNA, and superimposition may
be useful.

Medical records alone are usually not adequate for identification. A pat-
tern of rib, clavicular, and even mandibular fractures, for instance, are fre-
quently seen in many accident victims. Occasionally, however, multiple
injuries received in different accidents and/or surgical intervention leaving
sutures or other evidence that may be conclusive, as those seen in one case:
nasal fractures and a fracture of the left zygomatic arch with depression of
the arch (fight), a fracture of the right ulna (fell down), a fibular fracture
with a suture securing soft tissue to the proximal end of the tibia (struck by
car), and a fracture of the styloid process of the left ulna with radiographic
evidence of metal debris (gunshot wound) were deemed sufficient to make
a conclusive identification even in the absence of antemortem radiographs.
The same injuries were noted in the skeletal remains as those in the medical
records which also listed the circumstances of the injuries.

Isolated healed fractures, interpretations of postural and other skeletal
problems (scoliosis, “bad back”, joint conditions, etc.) are often unreliable.

Antemortem radiographs may be compared with postmortem radio-
graphs. Most frequently, these are dental radiographs that show restorations
or distinctive dental anatomy, but virtually any antemortem radiographs may
be used. The earliest radiographic comparison mentioned in the literature
compared the remains of a man killed in 1925 in Kashmir with radiographs
made in 1918 (Law, 1927). With the improvement of quality of radiographs,
morphology of spinous and transverse processes, pedicle and laminar out-
lines, vertebral osteophytes (seen in relatively recent radiographs), healed
fractures, clavicular shapes, shapes of anomalous structures (cervical and
lumbar ribs, ununited vertebral arches, mandibular or palatine tori, extra-
vertebral articulations [especially cervical], etc.), shapes of the twelfth ribs,
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cranial sutures, and trabecular details are all useful. The best trabecular details
are found in dental radiographs, in hand or foot radiographs, and in clavic-
ular or long bone radiographs. Trabecular details in ribs (complicated by
lung image) and complex trabeculae in calcanea and long bones are not very
satisfactory. In the latter, extremely slight differences in radiographic angle
result in very different images.

Video superimposition may be used with great effect in comparison of
radiographic details such as morphological variations and trabeculations.

Nuclear (genomic) DNA is difficult to obtain from decomposed remains,
even using PCR (polymerase chain reaction), but mitochondrial DNA
(mtDNA) persists for decades or longer. Although both male and female
gametes have mtDNA, it is located in the tails of sperms which break off and
are lost when the ovum is fertilized. As a result, only female mtDNA is passed
on generation after generation without change from mothers to their off-
spring, both males and females. Teeth are an excellent source of mtDNA since
it is protected in the pulp chambers, but bone cortex may also be used.
Reference samples may be used for maternal relatives (the mother and her
siblings, maternal grandmothers and their siblings, offspring, maternal cous-
ins, etc.). The identification probability is not as high for mtDNA as it is
using nuclear DNA, but mtDNA is important because of its durability and
the relative abundance of reference donors.

Austin-Smith and Maples (1994) demonstrates that video superimposi-
tion is adequate for identification when multiple photographs from different
angles (e.g., full face and profile) are available. Reliable identifications are
possible using video superimposition from single photographs which show
distinctive details such as teeth exposed by broad smiles (seldom seen in
“mug shots”).

Video superimpositions are best prepared by scientists experienced in
using the video equipment in their laboratory, not by video production
companies. Images digitalized by computers may be unduly manipulated by
the incautious or unscrupulous. Fast video wipes and incomplete fades will also
produce video images that may suggest a good identification when it is not.

Manipulating and holding the skull in the correct position relative to the
skull image has been achieved by complex and expensive equipment (Iscan
and Helmer, 1993), but the easiest and least expensive technique is to employ
vertical camera stands to use vertical lab space rather than the more precious
horizontal space, and place the occipital portion of the cranium with the
mandible attached by using dental utility wax in a cork flask with the camera
directed downwards toward the face.

At some point during the analysis of the remains, trauma analysis is
necessary. While skeletal damage may be obvious, sometimes skeletal evi-
dence of perimortem injury is very subtle, such as fractures of the alveolar
©1997 CRC Press LLC



  
margins, chipped teeth, longitudinal enamel fractures, or damage to the very
thin cortex of articular bone, such as the mandibular condyles. The remains,
where skin is no longer intact, should be radiographed prior to maceration
to locate metal fragments from knife tips or debris from gunshot wounds.
Damaged bone should be radiographed once again after maceration to dem-
onstrate any metal debris or lead streaks from gunshot wounds. Usually, more
lead remains on the bones before maceration as some lead evidence is usually
lost during cleaning efforts. Lead debris may still be found on bones that
have remained exposed to the surface environment for more than a decade.

If it becomes necessary to prove the metal debris located radiographically
on bones is in fact lead, proton-induced X-ray emission (PIXE) analysis may
be used. Physics and nuclear science departments at universities with an
accelerator can do this nondestructive analysis.

Fragmented skulls, and sometimes other bones, must be reconstructed
to visualize perforations from gunshot wounds. Fractures must be recorded
by photographs and diagrams. Patterns of radiating fractures can demon-
strate the type of weapon used, the site or sites of impact, the number of
wounds, or the sequence of wounds. Bevelling on gunshot wounds will
frequently show the direction of the projectile, although keyhole fractures
may present potentially confusing bevelling.

The literature abounds with articles stating that firearm caliber cannot
be accurately determined from the wounds. While this is true in the case of
soft tissue injuries, perforations through bone, especially in the absence of
displacement of fragments by fracturing, will usually show a minimum diam-
eter not greatly exceeding the caliber (e.g., about 0.27 or 0.28 in. in the case of
.25-caliber wounds, etc.). The diameter, plus the presence or absence of metal
debris (abundant in .22-caliber wounds, present in larger unjacketed projectiles
fired from revolvers, and usually absent in jacketed projectiles fired from semi-
automatic pistols) will allow some conclusions concerning the type of weapon.

Skulls fractured in blunt trauma may show patterns characteristic of the
weapon (Maples, 1986). Hammers, pry bars, jack handles, handgun butts
and muzzles, beverage bottles, axe handles, and many other common tools
and weapons often leave very distinctive patterns. A few guidelines are useful
to remember.

The damage or perforation is the result of the maximum cross section
of the weapon that has passed through the surface of the bone. For example,
a slot screwdriver passing through a sternum at a perpendicular angle will
first create a rectangular perforation the size and shape of the tip of the blade.
Fragments may be hinged inward along the margins. As the tool continues
inward, the long sides widen as these two flat, broad tool surfaces move out
toward the diameter of the shaft. The two short sides move more slowly apart,
and not at all if the screwdriver is merely a sharpened shaft, until the triangular
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shoulders of the blade pass through. At that point, the breadth of the perfo-
ration remains the same, but the shaft will produce semicircular or triangular
(round shaft vs. square shaft) defects along the two long sides. At each point
of penetration, the cross sections that break bone from the margins will leave
their marks. Measurements may be obtained, but some caution is indicated
as hinged bone may close somewhat. In this example, when the tool pene-
trates the posterior wall of the sternum the tool measurements from the
anterior and posterior walls of the sternum should be approximately the same
as those found on two points of the tool separated by the distance between
the entrance and exit from the sternum.

Incised wounds (cuts and stabs) are commonly found on bones. Great
care should be used to avoid adding nicks to the bone during any stage of
the autopsy, preparation, or analysis. Scalpels should not be used to open the
body near any skin perforated by decomposition or wounds. During macer-
ations, no metal instruments should be used that could scrape, nick, or cut
the bones.

Bones should be removed from fresh victims if it is necessary to deter-
mine weapon characteristics from the bones. Radiograph the plastron or
other tissue containing portions of multiple ribs. The radiographs can be
used to identify (and number) each costal cartilage and rib. The same radio-
graphs can be used to determine approximate distances between damaged
structures (e.g., two adjacent ribs damaged by the back of the blade and the
cutting edge).

In examining bones for incised marks, every bone surface should be
examined with magnification (×2 to ×3 is ideal). The anterior surfaces of the
cervical vertebrae, inferior margins of the mandible, ribs, sternum, clavicles,
and posterior portions of the thoracic and lumbar vertebrae should receive
particularly careful attention. Run your fingers along the superior and infe-
rior margins of ribs (nicks will catch on the skin). After incised marks are
located, consider the anatomical relationships of that bone to surrounding
tissue. A fine cut across the anterior surface of the body of a cervical vertebra
may not appear significant, but considering the soft tissue structures that
must be penetrated or severed for the blade to reach the bone surfaces, the
mark takes on added significance.

When bones are found disarticulated, it is important to place damaged
bones back into articulated positions with adjacent bone when trauma is
considered. If a stab wound severed a transverse process of a thoracic vertebra,
one would expect damage to the rib at that location if the injury occurred
around the time of death with the bones in their proper anatomical positions.
(The same consideration should be given to burned bones that were found
scattered to determine if the body was burned or a grass fire had damaged
the disarticulated bones of a decomposed body.)
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Dismemberment or decapitation will inevitably leave evidence on skeletal
remains. The type of saw used for dismemberment is important. The grooves
made from the saw teeth may travel in straight parallel lines (band or other
power saw), straight but overlapping lines (hand saws), curved lines (oscil-
lating or rotating circular blade), or the very coarse cuts of a chainsaw.
Chainsaws may leave chainsaw oil on the bones and hacksaw blades may

Figure 4.3 Two skeletons in place after roofing material was removed and
before the two skeletons were commingled (as approximately 10,000 fragments)
into a single body bag.
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leave distinctively colored paint on the cut bone surfaces. Large bones from
the meat market may be cut by a selection of saws and kept in the laboratory
as a reference collection.

The number of lawsuits and other inquiries involving remains (cremains)
cremated in crematoria are rapidly increasing around this country. The foren-
sic anthropologist and dentist should work together closely in these cases.
While the allegations may vary and thus affect the way each case in conducted,
certain procedures are usually indicated.

Before an expert begins analysis of cremains, or releases them to other
experts for the first examination, the cremains should be weighed, radio-
graphed in thin layers on as many radiographic cassettes as necessary, and
photographed on the cassettes before or after radiography.

Before beginning analysis, the expert may separate the cremains by par-
ticle size using proper analytic sieves (not the round-bottom sieves available
in hardware and houseware stores). Unless one is willing to devote great time
and caution to clean the sieves before use (since particles may become lodged
along the margins of the mesh), new sieves should be used in each case, but
receivers and lids for sieves may be reused after washing. Sieve sizes of 4, 2,
and 1 mm meshes are recommended.

After separation by particle size, a magnet should be used in each of the
separated samples to remove ferrous metallic particles. Magnets incased in
plastic coating, such as laboratory stirring bar retrievers, are preferable since
the particles can be thoroughly removed. The separated samples should be
weighed and radiographs again made, using metal grids (1 in. plastic-covered
grids made from metal shelving are ideal). Radio-dense particles can be
located after radiography by grid location. Important metallic objects should
be cross-checked on both preanalysis and laboratory radiographs.

Metal identification tags with names and/or numbers are frequently in
cremains. These should be carefully documented. Occasionally, radiographs
may be useful when the tags have been severely corroded during cremation.

The particles not passing through the 1 mm mesh are now systematically
manually searched using some magnifier such as a magnifying ring light. At
this time any identifiable material such as distinctive bone fragments, cre-
mation slag and other debris, and dental fragments are isolated. These may
then be examined with a stereomicroscope.

Bodies are cremated with various internal accruements such as prosthetic
joints, surgical staples, vascular clips, surgical wire and wire catheters, as well
as orthopedic pins, nails, plates, and screws. Pacemakers are supposed to be
removed before cremation, but this is not always done. Other material may
be found in cremains, such as nails and staples from the container in which
the body was cremated, dental materials from bridges, crowns, and dentures,
wires from cardboard tags, snaps from hospital wristbands, hardware from
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eyeglasses, and miscellaneous clothing materials (snaps, clasps, and buttons).
Jewelry is seldom found, although some crematory operators say that they
remove jewelry before cremation and place it in the cremains when they are
put into the final urn.

In most cases, the medical and dental hardware within the body at death
is the most important evidence to confirm or reject the name association for
the cremains. Dental posts, crowns, and bridgework may be useful for record
comparison, but may also be individually identified by comparison with

Figure 4.4 The final reconstructed bones from the female (Jennings).
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antemortem radiographs. Porcelain fragments with metal pins indicate den-
ture teeth, but when one or two are found in cremains with abundant dental
roots, etc. the denture teeth may have come from incidental commingling
from previous occupants of the cremation retort.

Large objects such as bridges, crowns, joint prostheses, and orthopedic
plates are removed before processing (grinding) the cremains, but orthopedic
screws from the plates may be present in cremains. Surgical wire, staples, and
vascular clips do find their way into the urns, and are very useful. Besides
determining whether these materials are ferrous or not by using a magnet,
it may be necessary to have chemical microprobes used to determine the
actual metals present in the objects. Unusual metals such as tantalum or
titanium may be found in medical records as well as the cremains.

Everything of importance must be fully documented metrically and by
weight, radiographs, and photographs. These materials cannot be retained
or seldom reexamined, so all documentation must be thoughtfully done.

An expert working in a lawsuit where millions of dollars may be at issue,
must use every bit of evidence and analysis that is available. The expert should
examine medical records, radiographs, and other documents about the
deceased before the examination of cremains. This is not the time to say that
such information might “bias” the examination. This is not the time for ego
games and working blind. Informed knowledge of what may be present can
be extremely useful.

At the conclusion of the examination, the material may remain separated
by particle size in zippered plastic bags and any important specimens (e.g.,
dental posts, etc.) may be placed into glass or plastic vials. Alternatively, all
material and specimens may be returned to the original container. The choice

Figure 4.5 Reconstructed tibiae from the male showing extreme checking and
warping seen in cremated flesh-covered bones.
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of combining the material or leaving it separated is made after consideration
of whether or not the expert wants to save the next expert time. Of course,
sometimes an expert may think that a particularly devious colleague has
separated meaningless material for misdirection. In our opinion, it is prob-
ably best to recombine after clearing the decision with the attorney who
employed you.

The skeletal evidence is rich in information. The forensic anthropologist,
working as part of a team of forensic pathologists, odontologists, and other
forensic scientists, can greatly add to the results of the analysis. Indeed, the
results of the scientists working as a team and discussing the case at all stages
of the investigation greatly exceed what each expert can do individually.
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5Buried Crime Scene 
Evidence: The Application 
of Forensic Geotaphonomy 
in Forensic Archaeology

MICHAEL J. HOCHREIN

Introduction

The science of taphonomy maintains its origins in the 1940 proposal of
Russian paleontologist I. A. Efremov to include it as a branch of paleontology
(Considine, 1989). A compendium of papers on the topic (Behrensmeyer
and Hill, 1980) formally announced establishment of the field. A generally
accepted definition of taphonomy is that of the study of the processes by
which animal and plant remains become fossilized. The McGraw-Hill Ency-
clopedia of Science and Technology (1992) expands upon the common asso-
ciation between taphonomy and paleosciences: “Taphonomy is a recent
addition to paleobiology with most work having occurred since 1960. Tapho-
nomic studies have influenced field recovery techniques by showing the
importance of the body-part composition of fossil assemblages as indicative
of specific preservational processes. Taphonomy has introduced new quan-
titative techniques into the analysis of fossil assemblages, including mathe-
matical models of disarticulation and scattering of fossil assemblages with
different preservational probabilities … The central aim of taphonomic stud-
ies is to elucidate how biological information has been altered from the
original living systems.” Shipman (1981) defines taphonomy as, “The study
of the transition of skeletal elements from parts of living animals to fossilized
fragments; also, the processes or events affecting bone destruction or pres-
ervation during this transition.”

Early twentieth century work, such as that of geologist and paleontologist
Johannes Weigelt, is recognized for its contributions as early taphonomic
research. Weigelt referred to processes leading to the embedding and preser-
vation of organic remains as “biostratinomy” (Weigelt 1989). Biostratinomy
is close in principle to current applications of taphonomy in forensic analyses.
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In their forward to Weigelt’s Recent Vertebrate Carcasses and Their Paleobio-
logical Implications, Anna Behrensmeyer and Catherine Badgley mention that
later usages of Weigelt’s term, “restricted biostratinomy to transformations
of organic remains from death through burial” and exclude later processes
related to fossil formation (Weigelt 1989). Following Weigelt, “diagenisis”
was recognized as a subdiscipline of taphonomy. Diagenisis is defined as the
study of the postburial effects of the environment on remains (Lyman 1994). 

In general, the application of taphonomic principles by physical anthro-
pologists has retained the basis of the science as examining transitions from
the biosphere to the lithosphere. Garland (1987) says of taphonomy:

“… the investigation of death, decomposition and burial in modern envi-
ronments is also a part of taphonomy since it allows the initial transforma-
tion phases of the taphonomic history of a bone to be studied. This period
may be conveniently divided into three phases: from death to burial, from
burial to excavation, and from excavation of the grave to the laboratory
examination of the human skeletal remains.”

Given the term’s derivation from the Greek word “taphos”, meaning
tomb, “taphonomy” might literally be defined as the study of the tomb or
grave itself. Yet, neither the paleontological or physical anthropological appli-
cations of taphonomy routinely emphasize the examination of geophysical
characteristics of the grave. Instead, analyses typically concentrate on the
condition of remains following their removal from the matrices in which
they were interred. Lyman (1994) devotes an entire chapter to “Burial as a
Taphonomic Process”; however, he defines burial as a natural process of
sedimentation. Lyman adds, “What I have found truly amazing is that despite
that while faunal remains typically come to us in buried form, there is very
little written about the burial process itself” (Lyman 1994).

As it relates to buried body crime scenes, forensic anthropologists are
normally presented with remains without the benefit of being present at their
exhumation. In such situations, study of the grave feature is reduced to an
ad hoc interpretation based upon the condition of the remains, recollections
of the individuals who collected the remains, and soil or botanical evidence
adhering to the remains. Primary evidence from the crime scene itself often
cannot be examined in situ, or firsthand, by the forensic scientist.

In this chapter, the study of the grave or feature which contains buried
evidence is referred to as “geotaphonomy”. Geotaphonomy is herein defined
as the study of the geophysical characteristics of, and changes in, subterranean
features associated with the interment of buried evidence. Such an analysis
requires the use of archaeological field techniques for the recovery and inter-
pretation of phenomena introduced, or altered, during the construction of
a grave or other burial feature.
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Recognizing the Value of Geotaphonomy

Perhaps, the foremost premise every student of field archaeology learns is
that the recovery of artifacts through excavation is a destructive process.
Likewise, elementary crime scene training for law enforcement personnel
contains repeated warnings that the collection of evidence during the pro-
cessing of a crime scene inherently disrupts the original condition of that
scene. Archaeology and criminalistics have evolved separately and, in the
process, each discipline has stressed that their field applications constitute
singular opportunities to collect information in situ (i.e., in the condition it
was last left prior to discovery). In cases where crime scene processing and
archaeology are combined in buried body cases, the importance of preserving
or recording the original context of the scene becomes even more fundamen-
tal. However, despite the caution emphasized during training for crime scene
processing, it remains common for buried evidence scenes to be processed
with a disproportionate effort placed on collecting the body and associated
evidence rather than examining the context from which the remains were
derived. Such efforts, which tend to disregard geotaphonomic evidence, are
not necessarily intentional. Rather, they involve a fundamental failure to
recognize that the actual graves or features constitute an important source
of evidence related to the crime. Of course, with crime scenes there is almost
always an unfounded urgency to transfer remains to a laboratory setting.

The recent work of renowned forensic anthropologists, many diplomates
on the American Board of Forensic Anthropology, have enlightened the law
enforcement community about the abundance of information which may be
obtained from the anthropological and odontological analyses of human
remains by forensically trained scientists. The works of Bass and Birkby
(1978), Boyd (1979), Brooks and Brooks (1984), France et al. (1992), Killam
(1990), Mann and Ubelaker (1990), Maples (1994), Morse et al. (1976),
Morse et al. (1984), Skinner and Lazenby (1983), Ubelaker (1989), and
Ubelaker and Scammell (1992) have emphasized the principle that thorough
analyses of buried remains are influenced by the care with which remains are
exhumed.

The ability to employ professional archaeologists is often not recognized
by, or thought to be outside the fiscal means of rural police departments in
whose jurisdictions buried evidence cases predominate. The author’s expe-
rience has been that news on the aforementioned techniques of proper exhu-
mation either has not reached or has been generally ignored in the processing
of many rural crime scenes. Commonly, the results are “best efforts” in
extracting the evidence, rather than a detailed examination and documenta-
tion of the subterranean features in which they were contained. Once human
remains are removed from the grave, and the excitement of the dig has waned,
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little effort is placed in the collection of geotaphonomic evidence. Universally,
forensic anthropologists have experienced nightmarish cases in which human
remains were handed them without photographs of their original positions,
sketches, accurate recollections, or descriptions of their systematic recovery.
The writer has had occasion to intercede in well-meaning attempts to search
for remains as delicate as those of a neonate using the toothed bucket of a
backhoe! Obviously, such practices obliterate opportunities to more com-
pletely understand how, when, and by whom, the body of a victim may have
been buried.

Boddington (1987) infers the importance of viewing crime scenes from
the vantage of geotaphonomy. In addressing observations at a tenth- or
eleventh-century Anglo-Saxon cemetery, Boddington notes the value of rec-
ognizing and recording the context of remains:

“Detailed scrutiny reveals a more subtle set of characteristics, variations in
arm and leg position, differences in decay and, most odd of all, a chaotic
disorganization of the bones of the thoracic and lumbar regions. The
archaeologist here must address the question: are these mere random irreg-
ularities in depositional events or do they reflect, however indirectly, on the
nature of the burial rite and society…? …while some of the observed
patterns are difficult to interpret, archaeologists have much to gain from a
detailed examination of skeletons in situ.”

Such observations constitute just one example of how archaeologists have
interpreted sites by combining anthropology, osteology, biology, and geology.
It is also clear that the geophysical attributes of an interment endure the
passage of time. In discussing the effects decomposing remains have on
“burial environments”, Janaway (1987) speaks of the necessity for accurately
recording the location and positions of interred evidence:

“Organic materials are sometimes preserved on a number of different metal
artefacts, hence, in order to understand the spatial arrangement of organic
materials in the grave, precise recording of grave goods is essential. This
should include full three dimensional plotting of position and should in
particular record which face of an object is uppermost.”

Concerning the most recent type of archaeological site, the buried body
crime scene, Morse et al. (1983) describes excavation techniques used to
reveal evidence of tool marks and footprint evidence:

“The upper four inches of the grave should be excavated in such a manner
as to leave approximately one inch of soil shielding the suspected walls of
the grave. This soil can be excavated after the upper four inches of soil have
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been removed by picking or slicing it away from the grave walls paying
careful attention to any soil changes, cracks, or cut roots which indicate the
precise location of the grave wall. This is particularly important since it has
been demonstrated that harder soil types such as clay, can retain clear
impressions of the tools used to originally excavate the grave.”

Such a technique should be routinely applied throughout the excavation
of a grave or pit. As marks are encountered they should be photographed,
provenienced, and cast with dental gypsum. In one case, tool marks were
discovered three years after the original interment. The marks, identified
as deep as 50 cm below ground surface, retained the glossy surface resulting
from the shovel slicing through the silt-clay matrix. Theoretically, such
evidence could be preserved indefinitely. Any implement used in digging
a grave or pit must have a portion of the tool impressed into the soil at a
point which acts as its fulcrum. The tool’s surface slices through, or pen-
etrates, soil layers; therefore, the feature cannot be constructed without
leaving marks. Tool marks are not limited to shovels. The use of picks or
mattocks also leave unique impressions (Figure 5.1 to 5.3), as do post-hole
diggers or heavy equipment. Accounts of buried body cases document
everything from tire irons to clam shells used by subjects who hastily dug
graves to conceal the remains of their victims (Anonymous, 1981a, 1981b,
1984; Ross, 1994).

Another example of how the recovery of geotaphonomic evidence con-
tributes to the identification, collection, and interpretation of buried body
crime scenes is evident in an account of Dorothea Puente’s burial of homicide
victims around her Sacramento, California home during the 1980s. Wood
(1994) details how an examination of crime scene photographs after the
conclusion of the case resulted in a disturbing revelation:

“Body number six had been buried at about the midpoint in the backyard.
Like most of the bodies, it was found in a shallow grave, only about twelve
inches of dirt covering the blanket-wrapped, taped-up victim.

(The detective) told the coroner’s conference that he and the anthro-
pologist saw an unusual compaction of dirt on either side of the victim’s
wrapped legs, and a moundlike effect above the knees, as if the soil had
been forced upward. A tunnel had been created between the victim’s
wrapped legs, caused by the packing of the dirt on either side…

(The detective’s) opinion was consistent with the open mouths of some
of the other victims. He believed, and the anthropologist agreed it was
possible, that (the victim) had awakened from her drugged stupor and
begun jerking her wrapped legs, trying to kick to the sides or above her.
But she succeeded only in mounding the dirt, packing it up on either side.
She was too weak or restrained to do more.”
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Such information may be vital for the prosecution of a case. Yet, examination
of geophysical features which could document a victim’s movement within
a grave are generally overlooked during the recovery of remains.

Case Histories

What follows are two buried body case histories which demonstrate how
evidence was retrieved through the appropriate application of geotapho-
nomic field techniques. Techniques described for both cases are standard
practice in archaeology and should be adopted for buried evidence crime
scenes. The first case demonstrates how delays in recognizing the importance
of the grave itself can adversely affect potential evidence. The second case is
an example of additional evidence which may exist in buried environments
and which could reflect chronology in the construction and alteration of a
grave.

Figure 5.1 An impression of a shovel handle left hear the top edge of the feature.
This is a relatively common toolmark left during construction of a grave but one
which is often overlooked.
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Case I

The teenage son of a midwestern family was reported missing one January
day. In March of the same year, the partially buried body of an individual,
later identified as the victim, was discovered at the rear of an abandoned
structure. The human remains, clothed and buried in a shallow grave, were
first encountered by a local resident who had been walking her dog. The
body appeared to have been disturbed by animals which uncovered the
cranium and arm of the otherwise buried body.

In August, the crime scene was reexamined by the author, at the request
of the investigators, to determine if there was any additional evidence which
might be gleaned from the grave. Critical to this reexamination was a clear
understanding of the techniques used in processing the scene five months
earlier. The interview of detectives who were present at the crime scene
revealed their excavations involved scraping dirt from above the body and
pulling it out of the grave. The area of the grave where the victim’s head lay
was then “dug up” and the soil screened to determine the presence of any
bullet fragments. The detectives were certain the portion of the grave from
the victim’s torso to his feet had not been excavated. With that information,

Figure 5.2 Depicts another common toolmark, an impression left in the side
of a feature when the axe blade of a mattock (see Figure 5.3) is forced into the
excavated walls of a feature by the rocking action of the tool needed to loosen it
and the dirt during the digging of a pit or grave.
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geotaphonomic excavations first attempted to locate the back-filled shallow
grave which, by August, was overgrown by tall grass. Once located, the
boundaries of the grave which interfaced unexcavated soil matrix were exam-
ined on the basis of shape (to include both the plan view and profile aspects).
This procedure was performed to determine whether the instrument(s) used
in digging the original grave had either a flat/straight or curvilinear cross
section.

The field methods used in evaluating the geotaphonomic evidence from
the crime scene began with a pedestrian reconnaissance of the grave-site area.
Vegetation and rodent activity in the form of burrows obliterated most sur-
face indicators of the grave’s position. The presence of a shallow, oblong
depression along with an examination of original crime scene photographs
determined the approximate location of the grave. After carefully clearing
away the vegetation a 1- × 2-m grid was emplaced over the apparent grave.
The grid was subsequently expanded to 2 × 3 m. The area within the grid
was then completely defoliated revealing surface contours.

A base line was established from which all excavation units within the
grid reckoned. Each unit or square, comprising 1 m2, was designated by a
number referring to the unit’s southwest corner in relation to the 0 meter,
or base line.

Archaeological excavation began within the southeastern quadrant of
square 3L0 (a 1 × 1-m unit with its southern, or left, side oriented parallel

Figure 5.3 A mattock.
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and 3 m left of the base line). The southern margin of the excavation was
the roughly east-west 3-m line. From that edge, a trench was excavated toward
the north, and perpendicular to the base line. Soil matrix (referred to as “F3”
or feature number 3), was removed by thin scrapes with a boned trowel in
arbitrary levels, each 5 cm in thickness.

At a depth between 28 and 40 cm below an arbitrary datum (an estab-
lished survey point of a known height above ground surface from which all
depths and distances are measured), a feature was identified. The feature,
designated “F5”, had a color and texture indicative of disturbed soil and was
different in character from the surrounding matrix. The texture of F5 was
more friable and less compact than F3, and its color was slightly darker than
that exhibited by the undisturbed matrix. The feature was defined by clear
boundaries to the north and south sides. Also observed were many rodent
burrows or tunnels intruding into the matrix of F3 and F5 (Figure 5.4).

The feature designated F5 was consistent with the location of the shallow
grave primarily processed during the homicide investigation in the spring.

Figure 5.4 This plan view diagram of the excavation unit, found to contain
remnants of the grave described in the first case history, shows the intrusion of
rodent burrows into the grave feature (F5). Although the feature demonstrated
straight walls, animal intrusions into the grave after the removal of the body
interfered with the determination of the type of digging implement used to dig
the grave.
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The nature of the fill within F5 and the feature’s shape were characteristic of
an excavated depression subsequently in-filled by natural or human forces.
This evidence indicated that F5 represented the remains of the northwestern
end of the shallow grave. The entire grave feature was not excavated since
investigators could not insure that the southern end of the grave had not
been disturbed during their initial search for bullet fragments and other
potentially buried evidence.

After Feature F5 was photographed and mapped, 2 cm of matrix was
removed across the entire excavation unit. What remained was a faint but
distinguishable F5 matrix with poorly defined borders within the F3 matrix.
Severe rodent disturbance was also in evidence. Excavation ceased at this
level, given that the lowest extent of F5 was encountered and the number of
rodent burrows obliterated important areas of the feature. The sides, or walls,
of the grave appeared very linear in plan view as if dug by a flat-sided
instrument. However, the same could not be testified to given the presence
of rodent disturbances (see Figure 5.4) and the possibility that those distur-
bances could arguably have altered the configuration of the grave. Had the
original processing of the crime scene included a careful search for geotapho-
nomic evidence, it may have revealed the presence of tool marks before they
were altered by burrowing creatures.

During the search of a subject’s residence, a short-handled, flat shovel
was found hanging in the garage. A variety of other evidence and testimony
collected by the original investigators ultimately led to the conviction of that
subject.

Case II

In another midwestern homicide case, a couple was reported missing one
summer evening from their rural farm. One year later, a group of subjects
confessed to the double homicide, and told investigators how they concealed
the victims by burying them in a common grave. A preliminary examination
of an area possibly containing the grave revealed only the remnants of a
manure pile spread over an area approximately 3 m in diameter. The site of
the possible grave was photographed, mapped, and subjected to an inventory
of measurements referred to as an Intrusive Sensing Battery (ISB) Survey
(Hochrein, manuscript in preparation). ISB, developed by the writer, is
defined as the contemporaneous application of five soil tests conducted, with
limited intrusion/destruction, to determine near-surface anomalies associ-
ated with buried features. The principle of the ISB survey is that the digging
of a grave or pit interrupts the normal stratification, compaction, thermal
absorption-retention, moisture absorption-retention, and chemical make-up
of a previously undisturbed soil profile. The differences between backfill and
the original soils may be detectable long after visual indications of the
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disturbance have been obscured. Equipment used to detect compaction,
moisture, temperature, chemical, and stratigraphic differences include a turf
penetrometer/soil compaction tester, soil moisture meter, soil thermometer,
soil pH meter/soil test kit, and soil core sampler (Figure 5.5). In place of
taking individual penetrometer readings over the relatively large search area,
four search team members formed a “shoulder to shoulder” north-south line
at the east side of the manure deposit. At 30.5-cm intervals, tile probes were
gently inserted into the soil by each team member. Probes which met less
relative resistance were flagged. Penetration was deepest, and met with less
resistance, in the most depressed portions within the disturbed area.

Figure 5.5 A basic Intrusive Sensing Battery (ISB) kit is represented in this
photograph. It contains, from left to right, a modified tile probe; a soil core or
tube sampler; a compass; a Munsell Soil Color Chart; logs for recording field data;
a turf penetrometer; a soil thermometer; a soil pH testing kit; reel tape; and soil
moisture meter. Although the kit represents low technology, the instruments are
reliable, portable, and affordable.
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A slotted soil core sampler was used to extract soil samples. In addition
to noticeable differences between the soil profiles from within and outside
the disturbed areas, one sample had a strong odor of decomposition. With
indications of a subsurface anomaly, the decision was made to excavate the
area. Excavation units were oriented in what appeared to be a generally north-
south pattern of less compacted matrix. During the excavation, soil moisture
and temperature were recorded to determine the boundaries of the grave.
Consistencies in moisture contents recorded adjacent to excavated margins
of the grave, as well as a consistency in temperatures within 20 cm of the
excavated edge, confirmed that the eastern boundary of the grave did not
extend far beyond the excavations. This notion was supported by the probing,
in which it was determined that greater penetration was concentrated just
west of the 1-m north-south grid line. The grid system consisted of 1 m × 1
m squares positioned to the left (east) of a base line.

Following photography of both the search area and specific area of the
grave, the outline of grid squares was established with string and metal pins
known as surveyor’s arrows (Figure 5.6). Contour measurements of all
squares were acquired by plumbing to the ground surface from an arbitrary
datum point. Data were recorded at 10-cm intervals across each square.
Measurements were taken by recording the distance from the surface of the
ground to a level string extending from the datum. Excavations entailed the
removal of fill in arbitrary levels using sharpened flat-blade shovels and trowels.
All unit fill was wet-screened through 0.25 and 0.0625 in. hardware cloth.

All fill was removed by carefully following the ground surface contour.
At approximately 1 to 2 cm below the original ground surface (underlying a
veneer of composted manure), the first indications of a feature were encoun-
tered. The outline of a pit (designated feature F4), of distinctly different color
and texture was clearly visible among the undisturbed soil (F3). Matrix in
the apparent grave had a greater capacity for moisture retention than imme-
diately surrounding areas. Uniformity in color and the very cherty and irreg-
ular nature of F3 made it difficult to visually distinguish the eastern edge, or
side, of F4. Eventually, ISB moisture and temperature measurements, along
with test excavations, revealed that the eastern edge did not extend beyond
the probable human remains. In sum, the grave appeared to have been dug
only wide enough to accommodate the human remains.

The grave’s fill was carefully removed with sharpened trowels and other
delicate implements. At 36 cm below the ground surface, a fibrous, rope-like
material was encountered. It lay directly over a blue, plastic-like material. By
gently pressing on the excavated portion of the blue plastic-like material
tactile confirmation was obtained that it covered a portion of skeletal material
and a substantial amount of soft tissue. Further excavation revealed the
remains were wrapped in a tarpaulin and bound with rope.
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Excavations also revealed numerous cobble-sized and smaller fragments
of a concrete-like material above the human remains at the same depth as a
more continuous layer of the same material across the lower portion of the
grave. The fill also contained a concentration of broken tree branches along
the western edge of the grave. Their position within the fill coincided with
that area of fragmented concrete.

Several key observations may be drawn from this detailed geotaphonomic
examination of the grave. Above the approximate center of the grave, a thin
veneer of concrete was truncated, which indicated that at some time following
the burial, the grave had been reexcavated, thus causing disturbance to lay-
ering above the human remains. The grave’s stratification was otherwise

Figure 5.6 This theoretical example of a typical, albeit simplistic, buried body
site map details the orientation of surface and subterranean features and evidence
in plan view and profile. Careful measurements in three dimensions result in a
drawing which accurately reflects: the orientation of a portion of the larger site
grid system; the relationship of the body (F4b) below a layer of rock (F4a) used
to conceal the remains within the grave (F4); the configuration and relationship
of that evidence to the undisturbed soils (F3a,b,c) and possible associated evidence
(F5); and the locations of multiple soil samples. In this example additional maps,
supported by photographs, would be made of evidence found during the excavation
of the ash pile (F5).
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undisturbed. A large section of the concrete layer covered the foot end of the
grave. That section was not fragmented and a portion of the tarped remains
extended through the poured and hardened layer. This indicated that
although the burial was disturbed after the original interment, the remains
were not removed from the grave. At some time following the inhumation,
but prior to processing of the crime scene, other minute fiber evidence had
been introduced into the grave fill. The exact positions of fibers were only
determined through the application of exacting archaeological field tech-
niques. It was also revealed that either during the process of the original
inhumation, or later disturbance to the burial, tree limbs and twigs became
intermixed with the upper layers of fill. This was significant because of the
potential for information which could be interpreted by experts such as
forensic botanists and palynologists. In this case, the plant remains were
obviously inconsistent with the grave fill matrix and only present in that area
where the grave was disturbed. Collection of such botanical evidence and
detailed documentation of its position within the grave could have shed light
on its origin, as well as a time frame in which it may have been introduced
into the grave (Hall, 1988; Willey and Heilman, 1987).

Discussion

Clearly, practical and potentially valuable applications of forensic anthropol-
ogy and taphonomy exist in the contemporary analyses of human remains.
We must reinforce the fact that proper archaeological field techniques not
only aid laboratory examinations, but they also reveal additional key evidence
for the physical anthropologist, odontologist, pathologist, and investigator.
Such evidence could be cultural, as that left by those who buried evidence
or subsequently intruded into the site. It might also be biological in the form
of entomological, botanical, palynological, or scatological remains left during
the natural evolution of the burial site. Alternatively, such evidence could
include geophysical characteristics in the form of stratigraphic changes
induced to the natural soil profiles.

For proper exhumation techniques to be most effective, buried evidence
training for law enforcement personnel must include at least a cursory knowl-
edge of archaeological field techniques. It would be advantageous for students
receiving formal training in law enforcement and criminalistics to be encour-
aged to learn proper excavation and survey techniques which have principles
applicable to all crime scene processing. Minimally, law enforcement personnel
must become aware of archaeologically trained personnel located within respec-
tive jurisdictions. Furthermore, members of the archaeological community
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must be made aware of how they might assist law enforcement officials in
criminal investigations. Discrete outreach programs, if not already estab-
lished, should be developed to institute effective and reliable contacts within
the archaeological community, particularly at local colleges and museums.
Once these vital bridges have been established, both the anthropologist and
the law enforcement officer need to recognize how their varied backgrounds
contribute to common goals in processing the crime scene. Law enforcement
must have the patience to allow the archaeologist several hours, perhaps even
days, to conduct detailed excavations. The archaeologist must realize the
processing of a crime scene is not an academic undertaking with unlimited
resources and time to waste.

Certainly, a common ground can be reached whereby both sides may
conduct investigations with mutual respect and cooperation, without sacri-
ficing its condition. Unfortunately, no pat formula exists for conducting such
investigations. The procedures applied will be unique for each crime scene.
Communication between parties with the intent of cooperation and organi-
zation is vital. The types of documentation which will be prepared during
the excavation and ultimately become part of the evidentiary record should
be discussed. A clear understanding as to who will be part of the chain of
custody is a primary concern of this preplanning stage. A working timetable
should also be established to allow law enforcement to arrange shift changes
and become accustomed to the length of time necessary for the archaeologist
to conduct detailed excavations. The archaeologist and law enforcement
agent will also find that having descriptive information about the victim(s),
subject(s), and crime scene on hand further expedites the excavations. Such
information should include aerial photographs and photographs of the area
prior to the victim(s) burial, topographic maps, soil surveys, as well as descrip-
tions of indigenous plant and animals (including insects).

Most important is a clear understanding that personal conduct at a
crime scene is always expected to be discreet and appropriate toward the
gravity of the circumstances. The detail and care with which the forensic
archaeological excavation is performed will not only enhance the accumu-
lation and quality of evidence, but will afford the dignity owed the decedent
and his family.
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6Forensic Photography

FRANKLIN D. WRIGHT
GREGORY S. GOLDEN

Introduction

Accurate photography is crucial to forensic investigation as a means of doc-
umenting evidence. The need to photographically record injury patterns as
they appear on skin is paramount to the odontologist and pathologist. Since
vast amounts of time often elapse between the commission of a crime and
the trial of the perpetrator, photographs frequently are the only permanent
record of the injuries to the victims. Therefore, it is imperative that the
forensic investigator be able to properly photograph injury patterns as a
means of preserving such evidence.

This chapter requires the reader to have a good grasp of photographic
terminology and the skills for operating basic camera equipment. It is beyond
the scope of this chapter to attempt to teach basic photography. There are
many publications that can provide the necessary background to improve
the understanding of the photographic principles described in this chapter.
Two readily available and easy to read books are KODAK Guide to 35mm
Photography: Techniques for Better Pictures1 by the Eastman Kodak Company
and The Photographer’s Guide to Exposure 2 by Jack Neubart.

In addition to the photographic principles, information about the phys-
iology associated with injuries to skin and the techniques utilized by the
forensic dental photographer to properly record the injuries by using pho-
tographs is discussed.

The process of photographically recording images on film, videotape, or
other media occurs through the capture of electromagnetic radiation (light)
of specific wavelengths. These wavelengths, measured in millionths of milli-
meters, are referred to as nanometers and abbreviated as (nm). Photographic
images are recorded on photographic films which are sensitive to light wave-
lengths in the range of 250 to 900 nm (Table 6.1). Visible light, which com-
prises the range of electromagnetic radiation seen by the unaided human
eye, is from 400 to 760 nm in range. Most modern camera equipment and
film is specifically designed to record images seen in the visible range of light.
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In the visible spectrum, the image is recorded on the film as it is seen by the
eye through the lens when the lens is focused on the image. It is also possible
to record images specifically illuminated in the shorter ultraviolet range (210
to 400nm), and longer infrared range (750 to 900 nm) wavelengths. Because
ultraviolet and infrared light are outside the visible range of electromagnetic
radiation, they are commonly referred to as “nonvisible light”. Photography
using nonvisible light requires special techniques to record the injury. It may
also require some minor focusing adjustments, called “focus shifts”, to correct
for the optical properties of lenses which were designed for visible light
photography. These special photographic techniques and focus shifts will be
described in more detail in other sections of this chapter.

When light strikes skin, four basic events occur.4 The first of these is
reflection, which occurs when some of the electromagnetic radiation hits the
skin and bounces back from it. It is this reflection of visible light that accounts
for the colors seen by the human eye.

Not all light energy on an object is reflected. Some of the light can be
absorbed. It is the absorption of light by an object that makes it appear black.
The action of the absorption of light associated with the injury being pho-
tographed is significant in nonvisible light photography, as will become evi-
dent later in the chapter.

A third reaction of light striking skin is the transmission and scattering
of the energy associated with the light through successive layers of cells until
the energy of the light has dissipated.

The final reaction that occurs when light energy strikes an object is a
molecular excitation called fluorescence. Excitation at the molecular level
causes the emission of a faint glow that lasts only as long as the excitation

Table 6.1 Spectrum of 
Electromagnetic Radiation

Wavelength (nm) Defined Light

0.1 X-ray
250–375 Ultraviolet
400 Violet
470 Blue
530 Green
600 Yellow
700 Red
750+++ Infrared

Adapted from Dermatology in General
Medicine, 4th ed., McGraw-Hill, New
York. With permission.
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energy is applied to the object. Once the excitation energy is spent, the
fluorescent glow ceases. Fluorescence is not readily seen because of the short
duration of the emittance, lasting only about 100 ns (10–8 s),5 and because
the reflected light energy is so much greater that it overwhelms any fluores-
cent light detectable by the naked eye.

When light strikes human skin, all four of the previously mentioned
events occur simultaneously. Depending on the wavelength of the source of
the incident light and the configuration of the camera, it is possible to record,
individually, any of the four reactions of skin to light energy (Figure 6.1).

Ultraviolet light only penetrates a few microns (thousandths of millime-
ters) into skin whereas infrared light can penetrate skin to a depth of up to
3 mm.3 What is usually seen when visible light strikes the skin is reflected
light energy. What isn’t seen, however, is the light energy that is absorbed by
the skin. By varying the wavelength of incident light used for illumination
and setting up the appropriate configuration of the camera, lens, filters, and
film, it is possible to photograph any of the four events which occur. This
ability creates an opportunity for interesting pictures, especially when looking
at bruises and other injuries to skin. Sharp surface details can be seen with
ultraviolet light, while images well below the surface of the skin can be seen
using infrared light. The techniques and photographic protocol for docu-
menting injuries to human skin in visible and nonvisible light will be
described.

Figure 6.1 Diagrammatic representation of the variation in penetration of UV,
visible, and near-infrared radiation into tissue (not drawn to scale). (Adapted from
Dermatology in General Medicine, 4th ed., McGraw-Hill, NY. With permission.)
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Basic Physiology of Injured Skin: Inflammation and Repair

Having covered how skin reacts to light energy, it is equally important for
the investigator to understand what physiological changes occur in living
tissue when skin is injured. These changes from normal to an injured or
healing state are what allow the discriminatory recording of the bruises when
illuminated by light sources of various wavelengths.

When skin is injured, a progression of events occurs, beginning with a
process called inflammation, and ending with repair. Inflammation is the
response of living tissues to all forms of injury. It involves vascular, neuro-
logic, humoral (blood related), and cellular responses at the site of injury.6

Repair is the process by which lost or damaged cells are replaced by vital
cells.6 Although inflammation and repair are separate processes, they are
closely interwoven in the response of tissues to injury. Inflammation domi-
nates the early events and repair assumes major importance later.6 During
the inflammatory and reparative stages of wound healing, many organic
components are found in the injured tissues that are not present in the same
amounts in the surrounding healthy tissues. These include collagen, porphy-
rins from the blood, clotting factors, histamine, white blood cells, fibroblasts,
and many others. The injured skin and the surrounding healthy tissue are
very different in appearance. Injuries, such as bruises, are commonly seen
and can be recorded photographically. Since the healing process is ongoing,
it is often possible to photograph the healing process long after the injured
tissue appears to have “healed” to the naked eye.

The organic components of the damaged tissue react to light energy
differently than the undamaged adjacent tissues. Because of these differences,
it is possible to photograph these tissues with different wavelengths of light
and record images of the injured or healed tissue on film. Success in photo-
graphing healing bruises over time will depend on several variables, including
the composition of the injured skin, the thickness of skin, the wavelength
and intensity of light used to photograph the damaged area, the equipment
used, and the type of film used. Depending upon the specific injury, it may
be necessary to photograph injuries both in color and in black and white
film, using visible light as well as nonvisible light. The injury may also vary
in appearance in the photographs of each of these incident light sources.

The location and type of skin injured has profound effects on the ability
to photograph the injuries. For example, thick skin of the palm of the hand
is usually much easier to photograph immediately after an injury than after
it has partially healed. The thick, keratinized covering of the palm of the
hand often exceeds the ability of most light energy to penetrate it enough to
record the subepithelial injuries. Such cases require fluorescent photography
due to the highly fluorescent nature of thick skin. In contrast, thin skin found
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in areas such as the face or female breast tissue can frequently lend itself to
recording injury patterns long after the visible damage from the injury has
faded when viewed under room lighting with the naked eye. Again, this is
directly related to the ability of the light energy to penetrate the skin to a
sufficient depth to record the injury.

It is important to understand one final concept about the physiology of
injured skin. In the living victim, at any given time after the initial response
to injury occurs the composition of the injured skin is continuously changing
as the injury heals. These changes will affect the response of the tissues to
the selected wavelength of light energy over time, and may change the appear-
ance of the injured tissue when photographed. This is especially true in a
living victim, but it is also true in a deceased victim for the first few days
after death. If the anticipated photographic evidence is not obtained with the
first attempts, one should continue to re-photograph the injuries over time.
If the victim is deceased, one should attempt to have the medical examiner
or coroner delay any invasive autopsy procedures of the tissues associated
with the injury until all attempts to photograph the injury have been
exhausted.

Forensic Photography: Types and Techniques

When presented with an injury, the forensic dentist or investigator must
decide what information the injury may contain, the extent of the injury,
and how best to photographically record it. As previously mentioned, pre-
serving the detail of the injury with photographs may involve a combination
of color and black and white visible light photographs as well as the use of
the nonvisible ultraviolet and infrared photographs. The photographer
should develop a standard technique which includes orientation photo-
graphs showing where the injury occurred on the body. Additionally, this
protocol should include close-up photographs for detail, and photographs
placing the lighting source (flash and light guide) at different angles in
relation to the injury.

Photographs should be taken with and without a scale. The use of a scale
serves as a reference to record the relative size of the injuries in the photo-
graphs. While there are a number of acceptable scales, including coins, when
unavailability of appropriate scales occurs, many forensic investigators use
the ABFO #2 scale in their photographs. This right-angled scale was devel-
oped by a photogrammetrist (Mr. William Hyzer) and a forensic dentist (Dr.
Thomas Krauss) for the purpose of minimizing photographic distortion and
assuring accuracy in measurement. It has a black, white, and gray scale for
color correctness, as well as three perfect circles and metric scales (Figure 6.2).
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The ABFO #2 scale is available from Lightning Powder Company, Inc., Salem,
Oregon. The photographer should retain the original scale used in the pho-
tograph in the event enlargement to life-sized reproductions becomes nec-
essary.

It is essential that the standard technique developed by the forensic
photographer includes exposing many photographs for each case. One
should not be hesitant about using several rolls of film for a photo shoot.
Typically, most beginning forensic photographers do not take enough pho-
tographs in the first few cases in which they become involved.

Visible Light Photography

By far, the most common type of photography utilized today is photography
using visible light, both in color and black and white. Manufacturers of
photographic equipment and films develop and market equipment and sup-
plies that are specifically designed to have an optimal performance in the
400- to 760-nm range of the electromagnetic spectrum. For the photographer
wishing to take pictures in this range of light energy, there is relatively little
practice required to ensure highly detailed and sharply focused photographs.

Many 35-mm SLR cameras available today are considered “automatic”
point-and-shoot cameras. By definition, the object to be photographed is
viewed through the lens and the camera automatically adjusts the focus and
exposure variables before exposing the film. These types of cameras have
been manufactured for optimal photography in the visible light spectrum. How-
ever, depending on the type of film used and the spectrum of electromagnetic

Figure 6.2 ABFO #2 scale.
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radiation to which the film has sensitivity, it can become possible to “fog”
(alter or distort) a visible light exposure with ultraviolet and infrared light.

With visible light photographic techniques, ultraviolet light may cause
color shifts toward an undesirable bluish tint in the photographs, while
infrared light may create more red tints than desired. To prevent ultraviolet
and infrared wave energy from fogging visible light photographs, modern-
day manufacturers produce coated lenses and filtered flash units, allowing
only visible light to reach the film. This coating can work for or against the
photographer, depending on what light range he or she is using. Older lenses
and flash units may not have this filtration built in and may, therefore, be
acceptable for ultraviolet or infrared photos. Conversely, the older optics
could also require the use of filters for color correction in visible light.

Most 35-mm cameras have serious size limitations when it comes to
recording life-size images. The limitation comes from the small area of film
(24 mm × 35 mm rectangle) which records the image. Since there are very
few objects which will fit into that small an area, considerable enlargement
of the photographs may be necessary to see the injuries life-sized. Since
evaluations and comparisons of the injuries to the teeth, weapons, or tools
which created them are often done in direct relation to the life-sized object,
it is necessary to have photographs that can be enlarged to life-size without
loss of the detail necessary for the comparison.

Film manufacturers have designed photographic films that record light
wavelengths from 250 to 700 nm. Special infrared films are available that can
record photographs taken in light from 250 to 900 nm. Choosing the proper
film is critical for successfully recording the detail of an injury. The film must
be sensitive to the wavelength of light being used to photograph the injury
or no image will appear when the film is developed. There are many quality
photographic negative films manufactured, both in color and black and
white. Table 6.2 suggests some readily available films, processing techniques,
and their potential uses in forensic photography.

In addition to the photosensitivity range of the film, the correct film
speed must also be determined. Films come with a rating, referred to as the
ASA/ISO number, which serves as an indicator of the amount of light energy
necessary to properly expose the film. The higher the ASA/ISO number, the
faster the film; in other words, less light is needed to expose an image. Films
with high-speed ratings (ASA 1600 or 3200) require very little light energy
exposure, but caution must be exercised. The higher the ASA/ISO number,
the lower the grain density on the film where the image is recorded, which
translates into less versatility during enlarging. Large-grain fast films tend to
produce prints which appear to lose focal sharpness and detail as they are
enlarged toward their normal limits, i.e., life-sized or 1:1.
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Just as there are good and bad attributes for high-speed films, slower-
speed films can also have limitations. Using a film speed that is too slow for
the amount of available light will result in an underexposed picture that may
also lack clarity and detail. There are some situations where the photographer
does need to underexpose for better detail, particularly during fluorescent
photography. This will be discussed in a later section. The basic recommen-
dation is to use the slowest film speed which will have the most grain density
for the lighting present. Problems caused by having the wrong film or
improper lighting may be minimized by bracketing the exposures over a wide
range of camera settings. (Bracketing means to expose individual photographs
in a range of f-stops and shutter speeds.)

At the time this book is being published, a relatively new method for
capturing photographic images is evolving. It is referred to as “digital pho-
tography” and utilizes a special computer hard disk in the camera that stores
the image s as digital information. These images can be later written to CD-
ROM for storage. The advantage of digital photography is that the image can
then be immediately viewed on a computer monitor or printed on a color
printer. The image could also be transferred to traditional photographic

Table 6.2 Common Films Used in Forensic Dentistry

Film Type
ASA/ISO 

Speed

Light 
Sensitivity 

(nm) Processing

Black and White prints

Kodak Plus X 
Pan

(Prefer for UV) 125 250–700 nm D-76 or HC110

Kodak Tri X Pan 400 250–700 nm D-76 or HC110
Kodak TMAX 100 or 400 250–700 nm D-76, TMAX 

or HC110
Kodak High-
Speed Infrared

(Prefer for IR) (For Infrared 
Prints: Camera 
set range:) 25–64

250–900 nm D-76 or HC110

Color Prints

Kodak Royal 
Gold

(Prefer for color 
prints)

25 or 100 250–700 nm C-41

Kodak Gold 100 or 400 250–700 nm C-41
Fuji Color 100 or 400 250–700 nm C-41

Color Slides

Kodak 
Ektachrome

100 250–700 nm E-6

Fuji Chrome (Prefer for 
Color Slides)

50 or 100 250–700 nm E-6

Kodak 
Kodachrome

64 250–700 nm K-14 (Must 
send to Kodak)
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films. This technology works superbly for color and black and white visible
light photographs, but requires special computer chips for nonvisible light
photographs. Currently, this specialized camera and equipment is very
expensive. As the technology and the evolving market mature, the cost of the
equipment should decline.

To understand the capabilities of any individual camera, it will be nec-
essary to expose several rolls of test photographs to find the preferred camera
settings for different films and ambient lighting. If you are fortunate enough
to have an automatic 35-mm camera with a dedicated flash, the camera will
adjust itself to make the necessary settings for you when taking visible light
photographs, both in color and black and white.

Before approaching any photographic subject for close-up documenta-
tion of either a injury pattern or tool mark, remember to take an orientation
shot. For example, in photographing a bite mark, typically a few preliminary
photos would be taken at a distance which includes the location and orien-
tation of the bite mark relative to its position on the body. This is to com-
municate to subsequent observers exactly where the injury occurred and its
positional orientation. After the orientation photos, numerous close-up pho-
tographs using a macro lens should be taken, both with and without a scale
in place. If the  camera has a macro lens and is used for close-ups, be certain
the scale is in the same focal plane of the object being photographed before
exposing the film. This photographic protocol should be incorporated into
the standard technique for the forensic photographer so that successful results
will be assured case after forensic case.

Visible Light Color Photography
Advancements in design and manufacture of modern 35-mm cameras have
greatly simplified color photography. These cameras have the capability to
photograph objects with great accuracy and precise color detail. As discussed
previously, the lenses have coatings and the flash units are filtered to direct
only visible light to the film. Modern films record the images in brilliant
colors and sharp detail. The most critical variables to consider when taking
still photographs in color are (1) the type of the film and (2) the intensity
of the light present when the film is exposed.

Color visible light photography is by far the most common type of
photography used today. Modern cameras readily available today are manu-
factured and configured to take photographs using visible light. There are
generally no special requirements or equipment needs assuming there is
enough visible light energy available to properly record the image on the film.

When choosing the type of film, use the lowest speed film possible for
the lighting available and proceed to take orientation exposures, gradually
moving to the specific site of the injury. With routine color slide or print
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film illuminated by flash, a film of ASA 100 is generally adequate for close-up
photography. Use the standard technique to completely record all aspects of
the injury on color film. To insure color accuracy, it would be helpful to
include a color correction guide in one or more of the exposures. One popular
color correction guide is the Macbeth Color Chart, which is available in
camera shops. Use of this guide will allow the film processing lab to correct
the color temperature of the negative to the real color composition of the
image before printing the photograph. Present the color guide used in the
photographic session to the processing lab when dropping off the film for
developing and ask that they verify the color composition of the image
photographed before printing.

Visible Light Black and White Photography

Changing from color film to black and white film, the forensic photographer
proceeds to re-photograph the injury. Use the same orientation and standard
technique that was used when the color photographs were taken. In order to
simplify this process, many photographers maintain two complete camera
systems, with interchangeable bodies; one loaded with color film, the other
with black and white. It may seem redundant to rerecord the injury with
black and white photographs when color photographs of the same injury
were just taken — or is it?

Remember that the human eye is very adept at seeing images in color.
Because of the color information processed optically by the retina, other
important details of the injury may be overlooked. When the injury is pho-
tographed in black and white, the eye is not distracted by the color compo-
sition of the injury and the normal surrounding areas. Consequently, this
absence of color allows the viewer to see more detail in the injury.

When exposing film for black and white photographs, the same criteria
for exposing color photographs are followed. These include film selection,
bracketing, lighting, orientation, and close-up exposures, both with and
without a scale. One cannot take too many photographs!!! In many situations
there may only be one chance for photographs. If that is the case, take a
minimum of three or four rolls of black and white and color photographs,
bracketed widely, and illuminated from different angles.

Alternate Light Imaging and Fluorescent Techniques

The field of forensic investigation has seen a tremendous growth in the
utilization of alternate light imaging for both locating and photographing
latent evidence. Fingerprints,7,8 serological fluids left behind at a crime scene9

(blood, semen, saliva), types of ink used to counterfeit or falsify documents,10

and bruises or other pattern injuries left on human skin that were sustained
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during violent crimes can now be more easily detected and also transformed
into exciting and important exhibits with the utilization of fluorescence.11

The application of this new technique has numerous titles. For simplicity, in
this chapter it will be referred to as Alternate Light Imaging (ALI). The
technique of photographing evidence with alternate light is called fluorescent
photography.

“Fluorescence is the stimulation and emission of radiation from a subject
by the impact of higher energy radiation upon it … Luminescence is a general
term for the emission of radiation that incorporates both fluorescence and
phosphorescence, as well as other electro-chemical phenomena like biolumi-
nescence.”12 An explanation of these definitions follows.

All of the physical reactions which occur during illumination with full
spectrum visible light (reflection, absorption, transmission, and fluores-
cence) also occur for monochromatic light. Almost any object can be made
to fluoresce, depending on the wavelength of light radiated upon it.13

Although this filtered light is sometimes as much as 30 nm in width, it is
called “monochromatic” (a misnomer), because very bright, full-spectrum
light is filtered to only allow one color of visible light to be predominant.
This is accomplished by the use of “band-pass” filters which are placed in
the path of the light.

The technique requires an alternate light source which is capable of pro-
ducing the monochromatic beam. Most alternate light sources are capable
of emitting several frequencies of visible light by using different filters, but
they are limited in purity since generally each color band is 30 nm in width.
Some lasers, such as the 442-nm He-Cd (Figure 6.3) can be used as an

Figure 6.3 Helium/cadmium laser. (Courtesy of Omnichrome Corp.)
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alternate light source and it provides a pure, coherent, monochromatic light
beam. However, lasers are not only bulky and require very specialized han-
dling, they are also very expensive. Fortunately, there are a few less expensive,
less complicated, and more portable light sources available that make pho-
tography at a remote location easy. One such forensic light source, the Omni-
print 1000®, available from Omnichrome Corp., Chino, CA is in use in many
crime labs throughout the world. It allows the user to individually tune
several different frequencies of light, specific for each forensic application
(Figure 6.4) The particular wavelength one tunes to depends upon what trace
evidence the forensic investigator is seeking. There are optimal wavelengths
for different applications; therefore the color (frequency) of the light and
blocking filters will vary. Research and investigation of pattern injuries on
human skin has shown that peak fluorescence of the epidermis occurs at 430
to 460 nm,14,15 and is blue in coloration. Most of what strikes the surface of
the skin is reflected.16 Of the rest, about 30% penetrates below the surface.
Some of it gets scattered, some is absorbed, and some is remitted as fluores-
cent light. The natural light-absorbing organic components of tissue are
called chromophores.16 Examples of chromophores are hemoglobin, biliru-
bin, and melanin. When illuminated with an alternate light source, the elec-
trons of these excited molecules return to their normal state by releasing
energy in the form of light. The light which is emitted during this transition
is of a lower frequency and weaker than the incident light. The phenomenon
causes the tissue to appear to glow or “fluoresce”. The scientific explanation

Figure 6.4 Omniprint 1000® forensic light source with fiber-optic cable and
blocking filters. (Courtesy of Omnichrome Corp.)
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for this phenomenon was described many years ago by Professor Stokes and
is referred to as “Stokes’ Law” or the “Stokes’ Shift”. Since the fluorescent
light is always less bright than the incident light, one must observe the
fluorescence of an object with filters which allow only the fluorescent light
through to the eye and block the more powerful reflected source light.

Principles and techniques previously described are used in fluorescent
photography. Light returning to the film must be filtered to allow only the
fluorescent image to be captured on the film emulsion. In documenting injury
patterns, this filtration is accomplished with a yellow filter such as the Kodak
gelatin #15 filter which blocks light transmission in the 400- to 500-nm range.

Fluorescent photography is best accomplished successfully in complete
darkness, where all other sources of light are eliminated. One can imagine
the difficulty in setting up and capturing this kind of photo, especially when
the exposure times can range up to 2 to 4 s in length and the subject is alive
and moving. Use of a tripod-mounted camera is mandatory. The light source
optical output cable should also be mounted on a tripod and stabilized to
illuminate the injury without moving (Figure 6.5). Exposure times should
be bracketed at least two stops on either side of the indicated light meter
reading through the lens. In fact, experience has shown that slightly under-
exposing the film will produce better results than the actual metered expo-
sure. This is true because during longer exposures even the fluorescent light
coming back to the film is still bright enough to wash out some of the fine
detail in the injury at the so-called “correct” exposure factor.

Figure 6.5 Typical tripod-mounted camera and light cable setup for fluorescent-
light photography.
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Several variables can influence the photographic protocol and parameters
of exposure. Skin color (amount of melanin), skin thickness, wound healing
response, light intensity, film speed, and location of the injury are but a few
factors which affect the exposure times. Thick skin as found on the palm of
the hand and sole of the foot fluoresces more than the thin skin covering the
face. Darkly pigmented skin will require longer exposure times than lighter
skin because more light is absorbed by the melanin pigmentation of the
darker skin. Persons who bruise easily, such as the elderly, will produce
injuries which may require shorter exposure times due to the thinness of the
skin; but one can also expect longer exposures when greater hemorrhaging
occurs beneath the skin since the blood absorbs light.

The primary advantage which alternate light imaging (ALI) imparts to
the forensic investigator is improved detail and visibility of the subject matter.
Fibers which are not easily located under normal light can become like
beacons as they fluoresce under alternate light (Figure 6.6 and Plate 1). Gun-
shot residue on a dark background can be made to stand out as though it
were photographed against a white background with the employment of ALI
(Figure 6.7 and Plate 2). Illegal narcotic drugs such as rock cocaine
(Figure 6.8 and Plate 3), or a latent fingerprint which may have otherwise
gone undetected, can not only be located but may become crucial evidence
by using ALI (Figure 6.9 and Plate 4). To the investigator who is responsible
for documenting injuries to victims of violent and sexual crimes or human
abuse, fluorescent photography using ALI will frequently provide more infor-
mation about the actual pattern injury than one would observe under normal
flash photography (Figures 6.10 to 6.12 and Plate 5).

Nonvisible Light Photography

The photographic requirements for recording injuries on film using nonvis-
ible light become somewhat more complex. The appearance of the injury
using nonvisible light illumination cannot be seen by the naked eye. There-
fore, special techniques must be employed to record the injury on film and
then print the image on photographic paper for viewing in visible light. Just
as in ALI, these techniques require that band-pass filters be used. They are
placed between the injury and the film, usually in front of the lens of the
camera. The filters allow only the selected wavelengths of light to pass to the
film. It is important that several factors be considered when attempting to
photograph injuries in nonvisible light:

First, one must consider the type of film being used. The film’s photo-
emulsion must be sensitive to the light wavelength the filter is allowing it to
“see”. Additionally, the light source must be strong enough to expose the film.
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The camera’s exposure settings (f-stop and shutter speeds) must be set to
properly bracket for the type of light being used. The camera’s ASA/ISO value
must be correctly set for the film being used, and the lens must be focused
correctly for the type of nonvisible radiation being used. It will take some

Figure 6.6 Fluorescence of fibers using alternate light imaging source (ALI). See
also color Plate 1.

Figure 6.7 Fluorescence of gunshot residue around a central bullet hole in fabric
using ALI. See also color Plate 2.
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experimentation with any camera to find the optimal settings. The forensic
photographer, as a rule, will practice using his/her camera and establishing
techniques before photographing actual cases. Suggestions of basic starting
points are given in Table 6.3. Keep in mind that each camera is slightly
different and these starting points may not work for every camera.

Figure 6.8 Fluorescence of illicit drugs (rock cocaine) using ALI. See also color
Plate 3.

Figure 6.9 Identification and location of latent fingerprint using ALI and red-
wop powder. See also color Plate 4.
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There are two major problems encountered with nonvisible light pho-
tography. First, it is difficult to acquire a predictable light source that emits
enough of the desired wavelength to adequately illuminate the injury being
photographed. Second, the exact amount of focal shift to produce a sharp
photograph must be determined. Developing confidence and getting predictable
results in nonvisible light photography will require some trial and error

Figure 6.10A Bite mark located on deceased victim’s abdomen using normal
full-flash photography. See also color Plate 5A.

Figure 6.10B Same bite mark using ALI. See also color Plate 5B.
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experimentation. Available and predictable sources of nonvisible lighting are
listed below for both ultraviolet and infrared photography. This list is by no
means totally inclusive and is intended to be a potential resource list. It is
possible to find other sources of adequate nonvisible light than those listed
here.

Figure 6.11A Normal “room light” photograph of palm side of two-month-old
infant victim of child abuse; bite mark pattern is almost indiscernable.

Figure 6.11B Same view using ALI; individual “tooth prints” now visible.
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Ultraviolet (UV) light sources:

• Sunlight—A good source of long UV light but not practical for situ-
ations requiring indoor or nighttime exposures.

• Fluorescent tubes—Routinely used for indoor lighting; some useful
UV emission. The best of these types of lights is known as a “black
light”, which emits good UV radiation; the brighter the better.

Figure 6.12A Black-and-white view of abdominal bite mark exposed with full-
spectrum room light.

Figure 6.12B Same bite mark using forensic light source at low-angle incident
lighting. Note improved visualization of separations (striations) between teeth.
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• Mercury vapor lights—Particularly useful in lighting small areas with
intense UV light. Problems include long warm-up time for the light
and limited availability.

• Flash units—Many older units provide adequate UV light emission.
Some newer units emit a measurable amount of UV but will require
experimentation to determine the correct output.

• Combination fluorescent/black light—This light combines the emis-
sion of the two light sources in one light fixture; commonly known
as a Wood’s lamp.

Infrared (IR) light sources:

• Flash units—Most commercial flash units emit sufficient IR light to
be adequate, but require experimentation to determine their accept-
ability in infrared photography.

Figure 6.12C Same bite mark with forensic light source at a 90° angle to surface
of the injury. Note measurable and visible dimensions of lower incisors.

Table 6.3 Summary of Nonvisible Light Techniques

Ultraviolet Infrared

ASA/ISO range ASA 100–400 ASA 25–64
f-Stop range f-4.5 through f-11 f-8 through f-22
Shutter speed range 1/125 through 2 s 1/125 through 2 s
Filter (on lens) Kodak Wratten 18A Kodak 87 gel
Illumination wavelength (nm) 200–390 nm 700–960 nm
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• Tungsten lamps—Used routinely in forensic investigations. The
brighter the Kelvin value, generally the more IR output.

• Quartz-halogen lamps—Good source of IR radiation if unfiltered;
more readily available and easy to use.

Focus Shift

After securing a source of predictable nonvisible light illumination, the problem
of focus shift must be addressed. By definition, focus shift is “… the distance
between the visible focus and either the infrared or ultraviolet focus …”.17 Focus
shift is necessary because nonvisible wavelengths do not behave in the same
way as visible light as they pass through a compound lens. The focal length
of a lens is specific to a given wavelength of light. Most lenses are chromat-
ically corrected to work within the 400- to 700-nm wavelengths (visible light).
When the light energy falls outside of the visible spectrum, the optimal visual
focus is no longer the optimally focused point for the nonvisible light energy
used to expose the film.17 While some manufacturers have developed achro-
matic lenses which act to bring two different wavelengths to a single coinci-
dent focus, many readily available chromatic lenses may require a focus shift
for nonvisible light wavelengths. There are several published opinions con-
cerning the correction of the focal point for nonvisible ultraviolet light pho-
tography. Kodak18 has suggested the easiest method, and the one
recommended to be tried first. It is their opinion that the focus shift required
for ultraviolet photographs may be accounted for by simply increasing the
depth of field. The recommendation is to decrease the lens aperture at least
two stops if shooting from wide open. Since the construction of compound
lenses used in 35-mm photography can be so different, Kodak18 suggests that
test exposures at various aperture settings be performed to determine the
exact change for an individual lens.18 Cutignola and Bullough19 support
Kodak’s recommendation in correcting the ultraviolet focus by changing the
depth of field. The downside to this modification is that it may significantly
alter exposure times, lighting, and film speed.

Other authors have suggested small focus shifts by turning the focusing
ring slightly from the visible focus position. Arnold et al.,20 Lunnon,21 Nieu-
wenhuis,22 and Williams and Williams23 have suggested shifting focus for UV
photography in the same direction and amount as is done in infrared pho-
tography. The majority of modern high-quality achromatic compound lenses
have a focus color correction to achieve sharp photos.

These authors have found that no focus shift has been required for ultra-
violet photographs when using lenses designed specifically for UV. Extensive
exposures using a Nikon Nikkor UV105 lens have produced very sharp ultra-
violet photographs with no shift from the visible focus (Figure 6.13).
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Many of the focus shift problems can be eliminated by a commercial
system such as that available from Nikon (Figure 6.14). This particular equip-
ment is costly, but it is specifically designed for visible and nonvisible appli-
cations and it works predictably. It includes the following:

• Any Nikon 35mm camera body
• Nikon Nikkor UV105 lens (Note: the filter that comes with this lens

works well with document examination but is inappropriate for
UV photography of injury patterns in skin. See Table 6.3 for filter sug-
gestions)24

Figure 6.13 Nikon Nikkor UV105 lens. (Photograph courtesy of Nikon, Inc.)

Figure 6.14 Nikon camera setup with Nikon Nikkor UV105 lens, SB140 flash,
and Nikon gelatin filter holder AF-1. (Photo courtesy of Nikon, Inc.)
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• Nikon SB140 flash and filters
• Nikon battery pack for the flash
• Shoe for the camera flash boot and cable from the boot to the flash
• Nikon gelatin filter holder AF-1 or Kodak 3-in. glass filter holder–

#840449 with Kodak #18-A glass filter

The Nikkor UV105 is a special quartz-glass lens that has no fluorite coating
and thus allows not only visible light to pass, but also 75% more energy
throughout the UV range.17 This lens has been chromatically corrected to
have a coincident focus point for both ultraviolet and visible light. What this
means to the photographer is that UV focus shift is eliminated. It also has a
mark in the form of a small red dot on the lens for the focus shift when
taking infrared photographs (Figure 6.15). The SB140 flash is an unfiltered
flash, emitting a full spectrum of light (Figure 6.16). However, when pur-
chased as a kit, included are three filters that can be used to limit the wave-
length of light passing from the flash to the object to be photographed. One
filter is for visible light, another for ultraviolet emission, and a third is for
infrared light emission (Figure 6.17).

An advantage with the Nikon equipment listed above is that by adding
a typical Nikon Nikkor 35–80 mm macro lens, the photographer has the
ability to accomplish all visible and nonvisible light photographs with one
camera, two lenses, and one light source (flash). For visible light photographs,
one may use the Nikkor 35– 80 mm lens and clear flash filter on the SB140

Figure 6.15 Infrared focusing dot on Nikon Nikkor UV105 lens seen as the
tiny dot adjacent to the infinity marking on the lens focusing ring. (Photo courtesy
of Nikon, Inc.)
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Figure 6.16 Nikon SB140 electronic flash. (Photograph courtesy of Nikon, Inc.)

Figure 6.17 Nikon SB140 electronic flash with infrared, visible, and ultraviolet
filters.
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flash with the base camera body and proper film. For nonvisible light pho-
tography, one may use the unfiltered SB140 flash, the Nikkor UV105 lens,
the appropriate band-pass filter in front of the lens with the base camera,
and appropriate film. The unfiltered SB140 flash emits a very intense flash
of light. Proper eye protection should be exercised if using this flash without
filters. This camera setup will still require trial and error experimental ses-
sions to refine the techniques and camera settings.

Additionally, band-pass filters are required for nonvisible light techniques
for restricting the wavelength of light exposing the film. For reflective ultra-
violet photography, the Kodak Wratten 18A filter is appropriate. This glass
filter has a peak transmittance in the 365-nm band, which is ideal for long
wavelength reflective ultraviolet photography. It also has a very small peak
in the 700- to 840-nm band. While this is in the infrared band of the light
spectrum, it does not allow enough infrared light to pass to properly expose
the film.25

For infrared photography, the Kodak 87 gel filter is recommended. This
“visibly opaque filter absorbs visible light”26 and has transmittance in the
750-nm and higher wavelengths, which is ideal for infrared photography.
Both the Wratten 18A and the 87 gel filters are placed in front of the lens
after focusing with visible light. The ultraviolet technique may require a focus
shift after the initial visible focus unless employing the Nikon Nikkor UV105
lens. The infrared technique will require a focus shift after the initial focus
with visible light.

Finding the optimal camera setup, the correct focal point, and a depend-
able source of lighting may take many sessions of experimental trials. The
photographer should exercise patience and remember to record the exposures
and f-stops with every trial photograph taken in order to determine the
optimal parameters.

Reflective Long-Wavelength Ultraviolet (UVA) Photography

Ultraviolet photography is used by the forensic photographer primarily for
two reasons: the first is to increase the observed detail of the surface of the
injury. The second reason is to recapture an injury on film after the injury
has “healed” and is no longer visible to the human eye. This second use
occurs because ultraviolet light is strongly absorbed by pigment in the skin.
Any area of the injury having excess pigmentation when compared to the
surrounding normal tissue will be recorded with excellent results using reflec-
tive ultraviolet photography.27 Case reports suggest that it is possible to
photograph a healed injury up to several months after the injury. Such a case,
reported by Sobel and David,28 illustrated a five-month-old injury recaptured
using reflective ultraviolet photography where no injury pattern was visible
to the eye.
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The techniques for photography using reflective ultraviolet photography
work to enhance surface detail (Figures 6.18A; 6.18B). Ultraviolet light does
not appreciably penetrate the surface of skin, so photographs are taken using
lower numbered f-stops that do not have too much depth of field at the
focused distance. Bracketing exposures sequentially from f-4.5 to f-11, at
shutter speeds of 1/125 to 2 s for each f-stop with the Kodak Wratten 18A
band-pass filter in front of the lens should be included in the standard

Figure 6.18A Black and white photograph of canine puncture bite to chin after
three months.

Figure 6.18B Same view using ultraviolet light source. Notice the entire cir-
cumference of the bite is now visible.
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Plate 1 Fluorescence of fibers using alternate light imaging (ALI).

Plate 2 Fluorescence of gunshot residue around a central bullet hole in fabric

using ALI.

Plate 3 Fluorescence of illicit drugs (rock cocaine) using ALI.
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Plate 4 Identification and location of latent fingerprint using ALI and red-wop

powder.

Plate 5 (A) Bite mark located on abdomen of deceased victim using normal

full-flash photography. (B) Same bite mark using ALI.

A

B
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Plate 6 (A) Available light photograph of palm side of two-month old infant

victim of child abuse; bite mark pattern is almost indiscernible. (B) Same view

using ALI; individual “tooth prints” are now visible.

A

B
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Plate 7 Photograph of a fatal gunshot to the left ear. This area of the wound has

not been cleaned up in preparation of the autopsy.

Plate 8 Bruises may change from reddish-blue or purple to green, yellow, then

brown, over a period of 10 to 14+ days.
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technique. The resultant photographs will contain detail “seen” by ultraviolet
light (Figures 6.19A; 6.19B). It is mandatory that the camera be mounted on
a tripod before taking ultraviolet photographs due to the long exposure times.
The UV-exposed film records the unseen information contained in the
affected area of the injured skin which later becomes visible to the human
eye on the photographic print, assuming that proper UV photographic tech-
niques were applied to the injury.

Figure 6.19A Black and white photograph of a stab wound.

Figure 6.19B Same view using ultraviolet light source. Notice the detail cap-
tured with UV defining the outline of the tool responsible for the injury.
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Changing the position (angle) of the UV light source relative to the
injury, while keeping the camera perpendicular to the injury, will frequently
allow surface details to be enhanced. Cutignola and Bullough29 have stated
that using the UV light source of two black lights (24˝ General Electric F20
T12 BLB 20W) slightly elevated above the injury and offset at a 45° angle at
a distance of 8 to 10 in. from the specimen provided the best surface detail.
They go on to say “…when using ultraviolet light, the focal length of the

Figure 6.20A Black and white photograph of a hand with a stab wound from
a pencil. The point of the pencil was directed toward the finger tips. Notice lack
of detail.

Figure 6.20B Same view using infrared light source. Notice the detail of the
injury, especially regarding the point of the pencil.
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chromatic lens is shorter than it would be with visible light.” As previously
stated, in order to correct the focus discrepancy they suggest decreasing the
aperture of the lens, thereby increasing the depth of field.

Friar et al.30 and Williams and Williams 31,32 recommend “push” process-
ing reflective ultraviolet film to increase the film speed and thus the density
of the image on the film. (“Push processing” is a term used to indicate a
longer than normal time in the developer.) How long the development time
is pushed depends upon just how much the operator underexposed the film.

Infrared Photography

Just as in reflective UV photography, infrared photography also requires
special techniques. The infrared band of light is at the opposite end of the
light spectrum from the ultraviolet band. Ultraviolet light is about one half
of the wave length of infrared light. Because infrared is longer it penetrates
up to 3 mm below the surface of the skin (Figures 6.20A; 6.20B). Since the
depth of the injury recorded with the infrared technique is below the surface,
the infrared focus point will not be the same as the visible focus point. Just
as in UV photography, some allowance must be made for the differences in
these focus points. After obtaining a through-the-lens focus, the lens must
be moved slightly away from the injury. In other words, the lens-to-object
distance must be increased (moved back) from the visible focus point, thereby
making the correction. By using an aperture setting of f-11 or smaller to
increase the depth of field, the discrepancy in focus points will be mini-
mized.33 Fortunately, many lenses are marked with a small dot (usually red)
on the lens that indicates the infrared focus shift point. The photographer
simply observes reference lines on the focusing ring of the lens which indicate
the normal focus position, and moves the red dot to that location to acquire
the correction.

Exposing infrared photographs requires several special considerations
over conventional visible light photographs. The first is the camera setup.
Unlike most films commercially available, Kodak high-speed infrared film
does not come with a preset ASA/ISO speed rating. Each photographer’s
camera equipment should be tested in trial sessions to determine the opti-
mum speed setting for the technique. Many cameras work best in the
ASA/ISO range of 25 to 64. Whatever speed found best should be noted and
marked on the surface of the canister containing the film so that it is processed
correctly for developing and printing. Kodak34 suggests that the infrared film
“… can advantageously be developed for a 30 percent increase over the
average time …. The additional fog is negligible and the resultant pattern is
strengthened.” What that means to the photographer is that the film can be
“pushed” in processing for better results.
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Proper bracketing will usually give an opportunity to observe the best
settings for infrared photographs. After setting a film speed, expose the film
with multiple exposures beginning with f-8 and going sequentially through
f-22. Use shutter speeds of 1/125 through 2 s for each f-stop. Remember to
shift the focus point of the lens from the visible focus to the infrared focus
point and to place the Kodak 87 gel filter in front of the lens just prior to
exposures. The source of illumination (flash) must be strong enough to
properly expose the film. Just as in the UV technique, infrared illuminated
photography records the part of the injury “seen” with nonvisible light on a
film emulsion, that when developed, will be viewable in the photographic
prints (Figures 6.21A; 6.21B; 6.21C). Because of that fact, the injury docu-
mented with infrared technique will not appear the same as photographs
taken using visible light. In Kodak Publication N-1, Medical Infrared Photog-
raphy, this difference is discussed. 

It should not be overlooked that even when the lens is focused correctly,
the infrared image is not as sharp as the panchromatic one. The reason is
the lens aberrations have been corrected for panchromatic photography, so
the anastigmatism is not as perfect in the infrared. The majority of biological
infrared images are formed from details not on the outside of the subject. This
accounts for the misty appearance of many infrared reflection records….35

Figure 6.21A Photograph of a fatal gunshot inferior to the left ear. This area
of the wound has not been cleaned up in preparation of the autopsy. See also
color Plate 7.
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Successful infrared photography is a trial and error process, particularly
when dealing with injury patterns. Since there is no way to know what injury
detail is being recorded using this nonvisible light technique, wide bracketing
and many exposures are highly recommended. If the injury did not cause

Figure 6.21B Same view using ultraviolet light source. Note no real change in
the appearance of the wound.

Figure 6.21C Same view using infrared light source. Note the distinct entry
site of the fatal wound. Because the infrared photograph records the injury below
the surface of the skin, the dried blood associated with the wound appears to
have been removed.
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sufficient damage to the deeper skin tissues, i.e., no bleeding below the surface
of the injured skin, or if the surface of the injured skin is too thick for the
infrared light to penetrate to find the site of the bleeding, there may be no
infrared detail recorded in the photographs. No image appearing on the
developed film and subsequent photographic prints should not be inter-
preted as a failure of the technique. Expectations of 100% success with the
technique are not realistic. One should not be discouraged as a result of a
non-productive photo session. Nor should the lack of an image be interpreted
incorrectly as though nothing was present. Additional sessions may be
required to rephotograph the injury to successfully capture it on film.

Handling of Photographic Evidence

The photographs documenting a victim’s injuries may become part of the
legal system and, as such, are subject to chain of evidence rules. This requires
an accountability as to what individuals had possession of the evidence from
the time it was collected until it is marked and introduced into the legal
system. As part of the standard technique, the forensic photographer should
routinely mark each photograph with a categorizing system, usually consist-
ing of numbers or letters which include the case number, as well as an
identifying mark of the forensic photographer. This can be his or her initials
or a signature, so that the photographs can be identified as originals and the
chain of evidence maintained.

It is strongly suggested that the forensic photographer not part with the
original negatives. Under no circumstances should both the negatives and
prints be out of the possession of the photographer. If through carelessness
they became “lost”, there could potentially be no photographic evidence of
the injuries and no way to recover from the mistake.

Photography is one of the most important applied protocols of forensic
dentistry. The demands on the photographer can be great, especially in
situations where an injury is the only evidence tying a suspect to the crime.
Time, patience, and preparation in forensic photography are requirements
for successful pattern injury documentation. While often frustrating and time
consuming, when done properly the results yield good evidence, bringing
with it a sense of accomplishment and satisfaction that the forensic dentist
has made a significant contribution to the case. Developing the skills neces-
sary to competently document these injuries with visible and nonvisible light
is one of the great challenges in forensic dentistry.
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7Bite Mark Techniques 
and Terminology

PAUL G. STIMSON
CURTIS A. MERTZ

Introduction

Once bite mark comparisons were accepted by the courts as a proper scientific
procedure,1 it became obvious in these early cases that we, as forensic dentists,
had much work to do before the techniques of bite mark comparisons were
to be considered scientific by our peers, the legal profession, and law enforce-
ment overall. Following the formation of the American Board of Forensic
Odontology (ABFO) in 1976, many diplomates of the board became con-
cerned that the procedures used and accepted in the courtroom were more
empirical than scientific. Individual dentists were using many various tech-
niques that were being accepted in the courtroom, based on the precedence
set forth in the Doyle case.1 On closer review by these same concerned
odontologists, many of these techniques were found to be lacking in scientific
methodology, and instead were more an impression of the individual who
had done the examination and experimental technique to gain the results
about which she or he testified. Many early cases caused great consternation
when they were reviewed by the entire forensic group at large. We refer to
the description of the Milone trial2 in the text by Moenssens et al.3 where a
mock trial using the evidence from People v. Milone is described:

“In a mock trial the evidence in People v. Milone was read from the
transcripts — though one proponent contends it was an edited and short-
ened version — several of the original experts who testified at the trial
reading their own testimony. The visual evidence was also presented, and
the leading proponents and opponents had an opportunity to comment
after the presentation. The session was open to all Academy members. It
was attended by several hundred forensic scientists. At the conclusion, upon
leaving the hall, many of them expressed unabashed astonishment that a
fact finder could possibly have believed that the defendant’s identity had
been positively established by the bite mark, upon the evidence presented.”3

(See Figure 1 in Appendix B.)
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It was the text author’s contention that this forensic event was probably a
prime factor in causing the ABFO to form the bite mark study committee.
The first studies by some members of this committee were bite marks applied
from dental models mounted in modified vice-grip type pliers onto the
abdomens of anesthetized dogs under controlled conditions. Phase two of
the study occurred in Anaheim, California in 1977 where the diplomates,
using the same or similarly mounted models caused bite marks on them-
selves. This was a most interesting experiment, as the instrument was given
to one diplomate who then applied it to himself and applied as much pressure
as his individual pain threshold could endure. Two diplomates were observ-
ing and ready to record time of application of force. After the artificial bite,
a series of photographs was taken. It had been the author’s contention for
years that the use of the term “suck mark”, implying negative pressure at the
time the bite was made, was not scientifically founded. It is our belief there
are differing capillary fragilities in the skin of each individual. In some
individuals the capillaries are strong and unyielding, and in others rather
friable. This was based on the observation that some women bruise easily
during certain phases of their menstrual cycles. This was from personal
observations as an oral pathologist (PGS) treating clinical cases. The bruising
resulted from minimal injury. This type injury causes minimal or no bruising
at other times in their menstrual cycles. There is a hormonal aspect to the
increased bruising in females and a constitutional one in males.

After creating the bite-cast injury, many individuals began to get petechial
hemorrhaging in the center of the bite area. No negative pressure had been
applied to the injured area by the instrument. It was interesting to watch the
variation in the degrees of bruising that occurred in the individuals involved
in the study. Some formed a large hematoma and it spread rapidly under the
skin surface, others formed little if any hematoma. Some variation was due
to the differences in the pressure of the force applied by the instrument when
individuals caused their own bite (probably due to varying degrees of pain
threshold). This research effort culminated in the adoption in 1984 and
publication of The Guidelines for Bite Mark Analysis, by the American Board
of Forensic Odontology in 1986.4

The committee realized there were considerable differences in the inter-
pretation by members of the ABFO of “pattern mark” injuries to the skin at
the time of publication. At any meeting of the ABFO diplomates, when a bite
mark was shown and discussed, there would be differences in opinion to
catagorize the bite as a good, mediocre, or poor one. There were also, on
occasions, differences in the interpretation of the bite mark when compared
with the casts of the suspect(s). This is an honest difference of opinion, but
is most disconcerting to attorneys and the triers of fact. Occasionally, there
was a difference of interpretation due to the experience of the individual
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involved. Many years ago there was a suggestion that an impartial committee
analyze the bite mark material and advise the court as to the admissibility of
the bite mark.5 This has not yet occurred, to our knowledge. The bite mark
standards committee of the ABFO tried to systematize bite marks by pub-
lishing the first attempt at a scoring guide. The attempt was to get the
individual analyzing the bite mark to ascribe a score to it. The score could
then be understood by other odontologists or compared with his or her own
score. After sending out a sampling of the controlled bite marks from the
dog experiments and receiving the scores, much more work obviously had
to be done in this area. The variance in the scoring method caused publication
of a clarification and partial retraction of this portion of the initial bite mark
publication.4

The ABFO realized the importance of trying to become more scientific
about bite mark interpretation. A formal bite mark committee was then
formed to continue the work that led to establishment of the previous work-
shop. Bite mark material was sent to selected diplomates for another attempt
on scoring by the late Dr. Tom Krauss of the bite mark committee. Due to
the formulation of the questionnaire in this attempt, unfortunately little
actual useable statistical data were obtained. One thing that that is recalled
is Dr. Krauss telling one of the authors, after receiving the initial return of
the material, “it is obvious we have much work to do. We have to get people
closer in scoring and evaluating bite marks.” Dr. Krauss zealously champi-
oned the scientific method and justice. His work with Mr. Hyzer resulted in
the ABFO scale6 that is used today.

Another accomplishment was the reversal and freeing of an individual
found guilty in a case caused by an improper evaluation of a bite mark in
the trial using a microbiological method instead of the usual photographic
method.7 The board of directors of the ABFO then decided to have another
bite mark workshop in San Antonio (Workshop #2) February 12 to 14, 1994.
This was a most productive workshop and culminated in the ABFO Bite mark
Terminology Guidelines.8 The board of the ABFO has graciously allowed the
authors to publish the material from this workshop in the text with the
comment and feeling that it is important scientific and public information.
This information was made accessible to all diplomates as a part of their
notebook information and was sent to each of them by the ABFO secretary.

Nomenclature

The first term discussed in ABFO Workshop 2 was the term bite mark vs. the
term bitemark. It was pointed out that language is a dynamic, living thing
and is evolving constantly. The ABFO then decided that both terms are clear
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and there was no reason to endorse either one. The authors prefer the two-
word term. Many other scientific terms are two words: suck mark, lacerated
wound, tool mark, etc. The choice is obviously personal, and either is correct.
The terms abrasion, contusion, laceration, ecchymosis, petechiae, avulsion,
indentation, erythema, and punctures are associated with, or can be seen in
bite marks. They are well defined in medical dictionaries and forensic texts
and were not further defined. The workshop pointed out that an incision is
made by a sharpened instrument, and cannot, therefore, be made by the
anterior front teeth or incisors. The group also favored the term latent injury
or wound over occult or trace wound when referring to an injury that is not
visible to the unaided eye but can be brought out by special techniques such
as infrared or ultraviolet photography.

Characteristics is a term introduced into bite marks from a similar field —
that of tool marks,9 by Dr. Lowell J. Levine10 paraphrasing the Osterburg text.
As Osterburg states, “There are two types of characteristics or details which
are useful in the comparison of two objects. Class characteristics are the more
obvious, gross features distinguishable in an object. In fingerprints they are
the patterns that form a loop, whorl, or arch. With evidence involving impres-
sions such as those left by shoes, tires, and some tools, their general dimen-
sions, design, and contour of the imprint constitute the class characteristics
(Id. p. 161). The minutiae of detail in the ridge formation on digital skin
were used to illustrate the basis of fingerprint identity. The fine scratch marks,
called striations, imparted to a bullet by a gun barrel, constitute the individual
details that characterize a firearm. This is the concept of individual, charac-
terizing details” (Id. p. 162).9 A characteristic, when applied to a bite mark,
is a distinguishing feature, trait, or pattern within the mark. These are further
broken into two types, class and individual characteristics. A class character-
istic is a feature, pattern, or trait that is usually seen in, or reflects a given
group. The usual finding of rectangles or small box-like shapes or linear
contusions in the midline of a bite mark is a class characteristic of human
incisor teeth. The upper teeth would create larger patterns, due to their size.
The value of this is that when seen in photographs, impressions or on the
skin of a living or deceased individual they allow one to identify the group
(here upper or lower teeth) from which they originated. An individual char-
acteristic is a feature, pattern, or trait that represents a variation from the
expected finding in a given group. An example of this would be a rotated
tooth, or perhaps a misshapen, damaged, or broken tooth that would help
to differentiate between two different dentitions to help in determining the
dentition that caused the bite injury or mark. It is the summation of the indi-
vidual characteristics that determine, when they are present in a bite mark,
which dentition best matches these unique or different markings when present
in the dentition of a suspect, when compared with other suspects in the case.
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A bite mark is defined as a physical alteration in or on a medium caused
by the contact of teeth. Another definition is that it represents a pattern left
in an object or tissue by the dental structures of an animal or human. Bite
marks are further described as a circular- or oval-patterned injury consisting
of two opposing U-shaped arches separated at their bases by open spaces
that, in life, represent the throat or posterior portion of the mouth. Along
the outer edge or periphery of the impressions of the arches there is usually
a series of abrasions, or contusions, with or without lacerations, that reflects
the size, shape and arrangement of the class characteristics of the incisal or
occlusal surfaces of the dentition that made the mark. Variations will be found
in many bite marks. Central ecchymosis (or contusions), when found, can
be caused by pressure of the teeth, with distortion, leakage, or rupture of the
small vessels and capillaries present. It can also be caused by the application
of negative pressure caused by sucking or negative pressure produced by the
biter at the time of the bite. Linear abrasions, striations, and contusions can
be caused by the movement of the teeth over the skin, or by imprinting of
the inner surfaces of the teeth against the skin (lingual markings). These have
also been called drag marks. Occasionally a double bite pattern is seen, where
two bites were done quickly in the same location or the skin slips and the
teeth quickly contact a second time. Occasionally, the double pattern is done
purposely by the biter, as in the Bundy case.11 See also photos in Appendix B.

Patterns can be left on the skin by pressure against cloth or wire grates,
or by cloth interposed between the skin and the teeth. Partial bite marks can
be seen in situations where the victim moved during the bite (for example
in an assault) so the bite was partial or incomplete. Only a few individual
teeth marks show, which could be due to uneven pressure or a dentition with
missing teeth. Bite marks change from the time they are made, both in the
living and the dead. The longer the time intervals before bite marks are
studied in the living, the less distinct the mark will be as far as individual
teeth. The mark will be shown as two circular or horseshoe-shaped bruises
with few other details. The ecchymosis will continue until there is a complete
loss of identifying characteristics of the upper and lower areas that would be
consistent with the upper and lower dental arches. The authors like to speak
of these type marks as “consistent” with a bite mark. Of course, they could
be consistent with a belt buckle, a brooch, or any other circular or semicir-
cular object. Occasionally bites may be superimposed or there may be many
multiple bites on the victim. Depending on the circumstances of the how
and when they are made they may be very similar, or show irregularities due
to movement, distortions, bruising, lacerations, etc. The most traumatic type
bite, requiring considerable force, is that where a loss of tissue or avulsion
actually occurs. This is more common in carnivore type animal bites, but is
also occasionally seen in human bites. The avulsed bite implies extreme
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sadism, anger, or mental derangement of the biter. Note that these terms are
only about the overall bite mark configuration. A detailed description would
have to be done to show the unique features of each tooth in the dentition
and the way they mark in the tissue.

As the general discussion of terms continued in ABFO Workshop #2,
those terms used to describe bite marks and how best to categorize them for
reports and testimony occurred. The diplomates were asked to submit their
written suggestions from a list. After collection and some collation, the list
was then discussed and pared down to some workable terms and definitions.
Dr. Mark Bernstein from the nomenclature subcommittee led a very lively
discussion and was able to get a general consensus on terms that can and
should be used in bite mark reports and testimony. One term that generated
much discussion was unique. This term, when applied to bite marks, means
the bite mark is so distinct and unusual that no other person could have
made an identical pattern with their dentition. This was the meaning to most
of the ABFO diplomates present at the meeting. In the vast experience in
bite marks of the diplomates present, it was felt that no bite mark studied to
date meets this strict criteria. The term unique should be reserved for that
bite mark that is still waiting to be studied; the one that odontologists and
both the prosecution and defense attorneys agree is one of a kind, extremely
rare and unusual: the individual characteristics are so unique that they are
readily identifiable to both prosecution and defense experts and nonexperts.
This explains the very limited and restricted use of the term unique in bite
mark usage. The diplomates present who took a more liberal approach said
that unique was the same as unusual or rare. If the term is properly defined,
either in writing or testimony, it could be used either way. Another word
critiqued was distinctive. This word was defined in bite marks as meaning
highly specific, individualized, or a variation from normal, unusual, or infre-
quent. The consensus of the audience present felt that “unique” implies a
greater degree of individual characteristics leading to identification than
“distinctive.”

A “possible bite mark” is a mark that could have been caused by teeth,
but also could have been caused by other similar marking implements such
as a brooch or belt buckle, etc. This type of mark lacks all of the characteristics
that should be present to further categorize it as a “possible bite mark”. This
pattern has a stronger implication that it originated from teeth, but again
could have been caused by something else. There are indentations that could
be teeth in a pattern that is similar to the horseshoe-shaped exemplars usually
found. To proceed further we now come to “definite bite mark”, which means
to the qualified forensic odontologist there is no doubt the mark was caused
by teeth and other considerations have been appraised and eliminated. This
phrase states that all of the classic features and characteristics that are typical
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to a bite mark are present in the injury. They have the class and individual
characteristics of being caused by human or animal dentition and they are
readily discernible in the bite mark. It should be understood that these terms
represent opinions of the observer or odontologist and have no statistical or
other measurements of the degree of probability. After closer study and use
of other materials such as salivary amylase, DNA, or photographic enhance-
ment techniques, the opinion can be shifted either stronger or lesser in
degrees of match terminology.

The next portion of the workshop discussion concerned terms that could
or do indicate that a visible injury represents a bite mark. The terms are in
a ranking order from extremely positive or little doubt in the odontologists
mind that it is a bite mark, to there being insufficient injury even to charac-
terize it as a bite mark. The first set of terms are definite or positively and
show that there is little doubt in the mind of the odontologist that it is a bite
mark. The next set of terms are reasonable medical/dental certainty or highly
probable, which suggests that it is a virtual certainty of being a bite mark but
there is room for the possibility of another cause, although this is highly
unlikely. The next set of terms includes possible, similar to, consistent with,
conceivable, may or may not be, cannot be ruled out, cannot be excluded. These
terms imply that the mark could have been produced by teeth, but it could
have been created by something similar and give markings that look like a
bite mark. There is no commitment at this time, using this nomenclature,
that this is a definite bite mark. Continuing in descending order are the terms
unlikely, inconsistent, improbable. Use of these terms gives a connotation that
it is unlikely that this injury pattern is a bite mark. Lower on the scale are
the terms incompatible, excluded, impossible, which imply there is no doubt
in the mind of the examining odontologist that this is not a bite mark and
represents something else. The final set of terms is indeterminable, should not
be used, and insufficient. The pattern is such that it cannot be related to teeth
or a tooth as a cause of the injury. Note that the above terms define the injury.
They should not be used to describe the degree of certainty that a particular
dentition caused the injury pattern.

Many terms can be used to describe a bite mark and to link the bite mark
to the dentition of a suspect. First of these terms is a point. This is also called
a match or a consistent point. This is a feature that is available for comparison
or evaluation. The term is also used to count a feature seen in either what is
being studied or the exemplar. This term is one used in reports or testimony
and does not imply any degree of specificity and is not a characteristic. It
represents a focus in a comparison. A concordant point, on the other hand,
is a point of comparison seen in both the bite mark and the suspect(s’)
exemplars. It could also represent an area that can be linked to a particular
tooth and an area of injury it could have caused in the bite mark. It is
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sometimes called a matching point or unit of similarity. The area of compar-
ison is a specific region to be compared. It may also represent a pattern of
several points or group of features and points that lend themselves to exact
or nearly exact correlations. When the term match or a positive match is used
it is a nonspecific term suggesting some degree of similarity between a single
feature, groups of characteristics, or a majority of the entire case. This term
implies a degree of similarity without any degree of probability or specificity.
In other words, this is not a positive statement in a bite mark that all of the
materials in a bite mark case match. It does not mean that the bite mark
matches the suspect’s teeth in all respects, as lay members of the jury might
surmise from the use of the term. There are some points or similarities that
match, but others do not. Use of these terms must be carefully considered
so as not to portray some matching characteristics to be misunderstood as
enough to make a complete match for evidentiary and trial purposes. Because
points match, this does not mean the entire bite mark matches, which has
been misinterpreted by juries, attorneys for one side of the case, or the media.
As Professor Starrs states “the use of the word match to denote the outcome
of a comparative analysis in odontology and elsewhere in forensic sciences
should be banned as perniciously misleading. To the understanding of a lay
person a match means an identification has been made to a particular person
or object to the exclusion of all other persons or objects.”12

The above comments came after a discussion of a case in this review by
Professor Starrs. He quoted State v. Cages, 875 S.W.2d 253 Tenn. 1994 “in
which one odontologist testified that a suspect’s teeth molds matched a bite
mark on the victim’s breast ‘to a reasonable degree of dental certainty that
the defendant’s teeth made the bite mark on the victim.’” Another odontol-
ogist said the defendant’s teeth “could have made the bite marks on the
victim”. No defense odontologist was used since the trial court rejected a
funding request for this purpose. The defendant appealed his conviction and
death sentence and the Tennessee Supreme Courts gave no credence to the
claim that the odontologists’ opinions were too speculative or uncertain to
be accepted as proof. The reviewing court credited the first odontologist as
“matching the bite marks” and this precipitated the discourse on the word
“match” by Starrs.12 When writing opinions or testifying perhaps the termi-
nology would be something like “there are a sufficient number of unique
points in both the tooth models and the bite mark that are the same or similar
that allow me, with a reasonable degree of dental certainty, to state that teeth
as depicted in the model made the bite mark.” Question, “could someone
else with similar dentition have made the mark”? The odontologist would
then state what the points of comparison were, how many there were, and
if they were unusual.
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The next term considered was consistent with. This means that there is
a “match” between two or more things in a bite mark, but there is no degree
of preciseness implied in the use of the term. When queried, the audience
defined the term to suggest a “possible match” to a “match of absolute
certainty.” When used as proposed it means there are some similarities in the
mark and the suspect’s dentition, but there may be others with similar sim-
ilarities in their dentition. A possible biter could have caused the bite, but she
or he may not have. The teeth examined could have caused the bite, but other
similar dentition could have as well. This is basically a statement implying
similarity of class characteristics and no inconsistencies could exclude the
suspect. We now progress to a probable biter that the suspect most likely made
the bite. There is something unique in the dentition and mark that would
not be present in the general population, or if it is present would be in a very
small number. The odds of two individuals having the same unusual fea-
ture(s) being brought together in a place of occurrence of the injury is very
unlikely, but still possible. The next higher order of terminology is reasonable
medical/dental certainty, which implies that the odontologist (investigator) is
extremely confident that the suspect made the bite. This also implies that
any other expert with similar training, experience, and background, when
evaluating the same evidence, would come to the same conclusion. It also
implies that any other opinion would be unreasonable. The one word in this
statement to keep in mind is reasonable. There is some latitude of proof here
and it is based on what the investigator has to work with at the time of the
examination. The use of terms such as “indeed, without a doubt,” or “in my
opinion, the suspect is the biter,” or “no one else in the world could have
made the mark” are unprovable and reckless. Occasionally, when pressed in
testimony one could use the term “in my opinion the suspect is the biter”
after they have shown in great detail the exact similarities between the bite
mark and the dentition, but this statement must then be in the context of
the entire testimony and not lifted out as the sole opinion. Keep in mind that
lawyers have a way with words because their profession is words and the use
of them. We, as odontologists and investigators, use words to convey concepts
and ideas and sometimes do not realize their exact meaning when words or
terms are closely scrutinized or taken out of context.

In working with bite marks, time is of the essence. This type of injury
in either the living or the dead begins to change from the time it was made.
In the living, bruising occurs. In the dead, the body begins to decompose,
first on a cellular level and then more body wide. Gravity also plays a role in
the changes that occur in the mark depending on the final position of the
body of the deceased after death. Gravity may place fluid into the bite or
cause it to leave the bitten area. The “standard” protocol should include
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photographing the evidence, first without scales then with them, and with a
location photograph to show where on the body the mark is found. Next
step would be salivary swabs for blood group trace evidence and the presence
of amylase to show the presence of saliva. Next step would be making an
impression of the mark. In the living individual a biopsy could be considered
if there were sufficient scientific reason and some contributions to the case
could be gained. Removal of the bitten area in a deceased individual should
be considered for transillumination and other studies and for long-term
preservation and storage of the injury in the tissue of the victim.

We will now turn to recovery of bite mark evidence from the victim.
Photographs should be taken of the overall area where the mark is found
and then close-up photographs should be taken. As Hyzer and Krauss point
out,6 it is vitally important to get the scale as close to the bite marks as
possible. They state “The single most important consideration in using the
scale is in positioning it relative to the bite mark or that portion to be
depicted.” The object of this is to prevent any parallax distortion from occur-
ring (Id. p. 501). This topic is covered in Chapter 6.

After proper photographs are taken, salivary swabs should be done. We
strongly recommend wearing gloves in bite mark examinations to prevent
contamination of evidence. We each secrete the ABH blood groups in saliva,
seminal fluid, tears, and perspiration. In 80 to 85% of most individuals the
levels are high enough for routine testing to be effective. In the remaining
approximately 15% the agglutinins are present but in such small amounts
the techniques to detect them are expensive and time consuming. We have
been told by a forensic serologist that the results are somewhat questionable
after a tremendous amount of work was done to concentrate and obtain
them. The finding of amylase suggests that saliva is present near the injured
area and implies that it was a bite mark or that the mouth or lips were in
contact with the skin or other surface tested. It might also imply that the
individual has been spat upon. There are various techniques to test for ABH
blood groups and each has some limitations. One limitation is that some-
times by the time a bite mark has been determined to be present, the body
has been autopsied and probably washed to be more presentable for trans-
portation to the funeral home. This is the custom of most medical examiner
offices. Ask if this has been done to save yourself some unnecessary work.

Two techniques are generally used to test for ABH groups: cotton swabs
and cigarette paper samples. If moistened cotton swabs are used, they must
be refrigerated immediately after the samples are obtained. The bacteria on
the skin surface can generate enzymes and these enzymes break down the
blood groups found on the swab and render the test ineffective. To prove
this to yourself immerse a cotton swab in your own saliva. Place it in a sealed
plastic bag kept at room temperature for a day or two and then open the bag
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and smell the swab. We have used cadaver blood with saliva-tinged swabs
and in a day or two there is visible hemolysis of the material. Before doing
the swabbing technique check with your forensic serologist to find out how
they would like the samples taken and how quickly they can get to them once
you deliver them.

Another technique that works equally well and is simpler to do is to use
white cigarette rolling paper like that used to make cigarettes with loose
tobacco. Cut the paper squares into various shapes and they will serve as
visible reminders of where the sample was taken. Moisten the paper in the
same manner as the swab with either normal saline or tap water. Gently swab
the area of concern with the cotton or the paper. Pressing too hard will distort
the bite, but you must press hard enough to moisten and obtain some
agglutins. With the swab, identify the area and write it on the outside of the
plastic bag or glass or plastic tube, insert it, and refrigerate immediately. If
possible the swabs can be allowed to air dry, but this will take up to an hour
depending on the weather conditions where they are being used. The swabs
can be propped against a test tube rack or some similar stand. Be careful
when swabs are done in this manner and dried that no contamination occurs.
Taking them to another environment might be better than the one you are
working in, especially if it is a morgue or funeral home preparation room
that is a semicontaminated area to begin with. With the paper disc use a
small square for the bitten area, a similar round paper for the same area not
bitten (square on right bitten breast, circle on similar area on left breast) so
that you have normal controls to see if the individual living or dead was a
secretor. You should also do rectal, oral, and vaginal smears in deceased
individuals. These smears are done should blood group determinations be
forgotten, overlooked in the autopsy, or the blood type specimen is contam-
inated or lost. It is also possible the results were not given to you or perhaps
they are questionable in the case. On living victims, oral smears should be
taken in addition to the skin smears. Knowing the blood type of the victim
to validate the test is necessary. This test is not very productive if both the
victim and the suspect have the same blood type. With the paper technique,
allow the paper to air dry and then insert in plastic envelopes with the
necessary information written on the outside with a Sharpie® pen to keep
the chain of evidence intact. Because the samples are dry there is no break-
down of the blood group agglutins.

It has been reported the deoxyribonucleic acid (DNA) determinations
can be done on the sloughed epithelial cells of the salivary gland ducts and
the cells lining the inner surfaces of the lips and oral mucosa and the leuko-
cytes from the gingival tissues and fluids. In a recent report,14 it was shown
that saliva from an individual placed on cadavers could be tested for DNA.
The study showed a minimal recovery of 57.6% and a maximal recovery of
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78.8%, depending on the DNA locus being tested. This study strongly supports
the use of salivary trace evidence and the possibility of suspect identification
with greater significance than blood types alone.

Impressions

Skin surface impressions are very useful in either living or dead individuals
with bite marks. One thing that is missing in a photographic representation
of a bite mark is that of the normal curvature present. Some odontologists
feel impressions are not necessary, but they do add another dimension to the
final product. The first impression taken should not be used, but put in a
safe place for a court exhibit. We feel it is best not to pour a model of the
first impression made of the mark. If the impression is distorted, or produces
a model with bubbles in it, one critical piece of evidence in the case is
distorted. It could be argued in trial that the impression technique possibly
changed the place from where it was obtained when performed. The second
impression will differ from the first, or will it? No research in this area has
been done except with metal or acrylic models that are different from impres-
sions on body tissue. Models can be poured creating a positive model from
the second or subsequent impressions. They should be consecutively num-
bered as they are made and poured for future reference. Most surfaces of the
body have some degree of curvature and this becomes even more marked in
areas like the inner thigh or the female breast. Many dentists are very familiar
with the use of various dental impression materials and their usage.

Because a bite can change as the position of the area changes, the impres-
sions should be done in the same anatomical setting in which the bite was
made, if possible. To prove this, use any kind of rubber-stamp mold with an
address, an animal, etc. on it. Flex your arm so the deltoid muscle is retracted.
Impress the stamp of the mold on the skin of the retracted muscle. Straighten
the arm and look at the picture or address. It has changed. If the object is
circular, it becomes somewhat oblong. This is the argument for taking the
impression as close as possible to the position in which the bite was made.
This may cause some difficulties as the material may flow away from the bite.
A small dam of some type can be used with wax or similar material to keep
the material in the desired area. If the skin surface is hairy, it should be gently
clipped so the material will not adhere to the hair. Shaving the area could
cause other artifacts by causing a nick in the skin or perhaps removing a scab
or blood clot if one is present.

One of the better impression materials to use is a vinyl polysiloxane (VPS)
such as Exaflex®, President®, Cinch-vinyl®, Mirror-3®, and Reprosil® or similar
low to medium viscosity material. These materials contain palladium or a
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similar agent to modify hydrogen gas production so no errors are introduced
in the setting phase. Earlier products produced small amounts of alcohol as
a by-product and this introduced small but critical errors in the impression.
Handling any of these materials is easy and they clean up well without
staining. They will reach final set under some unusual temperature situations.
If the body is cold the setting time will be prolonged. If warm, the setting
time will accelerate. This setting time must be tested before the final impres-
sion on an area on the body or material away from the bitten area. VPS and
polyethers or polysulfide impression material have been found experimen-
tally to be extremely accurate as shown by Ciesco et al.15 and Lacey et al.16

The use of stiffer mixtures, such as heavy-body or more firm type materials,
should be avoided as this tends to distort the injured area due to the pressure
used to apply the materials. The vinyl polysiloxanes have good shelf life and
is an additive-type reaction without any product produced so other errors
are not produced by use of the material. The type and brand of material used
is the choice of the odontologist and is usually what they are using in their
practice and are familiar with. When using impression material, as with all
forensic tests and procedures, make sure that you record the lot number and
the expiration date placed by the manufacturer. Inject a small amount of the
mixed material on a site away from the injury area and time the setting
reaction. Record the time of set. The materials are designed to set at normal
body temperature in approximately 7 to 10 min. If the body is cold from
refrigeration, or warmed from being in a warm environment and undergoing
some partial decomposition, this will affect the setting time of the VPS
material. Do not attempt to accelerate the setting time of the material as this
will probably change the usual properties of the material being used. The use
of a hair dryer or lamp for heat may affect the stability of the material in an
unknown fashion. As usual in these situations, these are “one shot” proce-
dures and if done incorrectly or poorly will distort the injury site. Practicing
on sites other than the critical area is one way to lessen errors. The stability
of the mixed finished product is very long term so the studied materials can
last while awaiting the ultimate trial in the case. New dispensing systems that
can deliver properly premixed amounts of the base and catalyst pastes are
now available and should be used whenever possible to facilitate the taking
and accuracy of the impressions (Figure 7.1). It should be kept in mind that
dental impression materials are designed to work on hard tissues and against
some resistance, as they are when used in the oral cavity. Using the premixed
materials in a syringe with a small orifice tip, they are injected directly onto
the injured site (Figure 7.2). The small tips used on the conventional impres-
sion syringes by dentists work very well. The material is injected slowly so
that it flows into the lower areas of the mark and does not trap air that will
create a bubble or void in the finished negative impression.
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VPS materials, even the most heavy-bodied types, are flexible when done
in a thin sheet as would be used in a bite mark impression. Therefore, some
material must be used to support and reinforce the impression material, to
diminish the risk of distortion. The curvature of the body area bitten will
now be maintained as well. Various materials such as dental laboratory stone,
acrylic dental impression tray material, thermoplastic dental tray or fracture
material, and an orthopedic thermoplastic mesh material (Hexcelite®), as
favored by Sperber,17 have and are being used for backing the impression
material. Materials like Hexcelite® can be softened in a hot solution, such as
coffee, and then molded into place. These were originally designed for use
by physicians to temporally or permanently immobilize bone fractures. When

Figure 7.1 Mixing gun for dispensing mixed polyvinylsiloxane impression
material.

Figure 7.2 Smaller tip on mixing gun for dispensing mixed polyvinylsiloxane
impression material.
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the mesh is placed over the injected material, another layer of impression
material is injected over the material to lock it into place as the VPS material
will bond to itself (Figure 7.3). This material was tested against using a dental
stone backing and was found to be as accurate.18 Dental stone is also used
for a backing. To insure a mechanical locking of the stone and the impression
material, staples are dipped into extra impression material and placed on end
in the impression material on the injury site (Figure 7.4). When set, the
staples stand on end and provide a right angle mechanical anchor for the
stone to prevent separation. A stone cap that is moderately thin is then poured
over the impression material with the staple locks in it and allowed to set.
Acrylic tray material is also used. The acrylic dental tray material is mixed
according to the manufacturer’s directions and molded when still pliable to
the approximate shape of the area where the impression is to be taken. This
can be done on the bitten area or a similar area on the opposite side of the
body. A tray adherence material can be painted on the underside of the mold
for retention of the impression material, or holes can be made in the impres-
sion tray to allow the impression material to exude out and mechanically
lock itself into place. Before removal of the finished impression in any of the
above techniques, the necessary anatomical location, date, time, and initials
of the individual(s) doing the work is written on it with a Sharpie® pen
(Figures 7.5 and 7.6).

Techniques using hot-water-soaked materials or autopolymerizing mate-
rials that have an exothermic reaction must be used with care in living

Figure 7.3 Vinylpolysiloxane material injected onto Hexcelite® (gauze-like)
material placed on metal study mold.
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individuals who might suffer a burn as the material sets or is molded. The
heat generated in the setting of the impression tray material might change
the bite mark area in a deceased individual. A technique advocated by Dailey
et al. is described as atraumatic, does not generate heat, and is not too
difficult.19 In this technique a low-viscosity impression material is injected
upon the bite mark without bubbles in the impression. The periphery of the
impression is extended approximately 1 cm beyond the mark area. After final
set, the material is painted with the appropriate tray adhesive for the material

Figure 7.4 Vinylpolysiloxane material injected on skin with staples for locking
stone cap.

Figure 7.5 Anatomical landmarks, date, and initials on set stone cap locked
onto impression prior to removal.
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used. The authors then use Easy Tray® material (Anson International, distributed
by Block Drugs, Jersey City, NJ) which is a thermoplastic material that softens
under heat and cools to form a solid without a chemical reaction. The wafers
are molded in warm water at a minimum of 170˚ for 20 to 30 seconds and
then removed from the water and molded to the desired size and thickness.
The authors state the wafers are still moldable at body temperature and may
have to be heated and contoured two to three times to get the final desired
result. A suitable size overlaps the impression material and is approximately
2 mm thick. A gauze is then lightly pressed into the material creating a
textured surface for adhesion to the impression material. The impression and
the backing are then joined, and after a final set of the impression material,
is removed. Again, a test of setting time with the material used should be
done on the victim away from the area in question and the setting time
recorded.

When approval is obtained from the medical examiner or the coroner,
tissue can be removed and stored for future reference and study. The odon-
tologist must obtain the necessary medical or legal clearance before removal
of any tissues from a deceased individual. We work under the authority of
the medical examiner or coroner, who under law can collect or obtain any
tissue, body fluid, or other substance necessary to assist in the solving of a
criminal or civil case. If the odontologist has a relationship with either the
medical examiner or coroner who is a member of the team, and is deputized
as a certified deputy and is doing what is necessary in a scientific examination,
there is usually no question. Keep in mind that this area could be grounds
to keep an exemplar out of evidence so always obtain permission and show

Figure 7.6 Undersurface of impression of breast model with teeth marks accen-
tuated for illustration. Material on perimeter of impression is dental stone.
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it in your written records, even if it is verbal. Obtaining written permission
or a court order is always prudent if there is any doubt in the mind of the
examiner.

There are no fixatives used in medicine and pathology that do not have
some element of shrinkage. The best method for preserving tissue is to obtain
a specimen with wide margins in all directions, immediately place it in a
plastic bag, and freeze it. There will still be some changes due to the formation
of ice crystals in the tissue, but it will and can be preserved for a considerable
length of time in this manner. One technique, as advocated by Dorion,20,21

is to use a custom-fabricated acrylic ring made of a proper mixture of mono-
mer and powder according to the manufacturer. He gives a very short and
concise method about preserving, storing, and transporting excised skin and
transillumination of bite marks in the recent issue of the Manual of Forensic
Odontology.22

Another technique is to use rings of acrylonitrile butadiene styrene (ABS)
or similar pipe called polyvinyl chloride (PVC) cut from water or sewer pipe.
The material chosen should be of the proper dimension to fit over the bitten
area with some clearance on both sides. One problem with this technique is
that the anatomic curvature of the skin area will be lost. The thickness of the
pipe or acrylic ring should be about 3/8 in. The acrylic ring can be placed
directly on the skin before final set and obtain some anatomic contour. The
other materials can be heated in a salt bath or a water bath to allow them to
be contoured to the skin surface around the injury site. In either case the
rings are then permanently attached to the skin surface using a combination
of cyanoacrylate (“crazy glue”) and an interrupted suture combination. After
the skin is permanently attached to the ring, the portion of the ring above
the skin surface is filled with vinyl polysiloxane (VPS) impression material
to maintain the correct anatomic curvature. The upper surface of the impres-
sion material is then marked with the necessary date, anatomic orientation,
and time. After the impression material is thoroughly “set” and properly
polymerized in the ring, the backing and skin are dissected free from the
body. The dissector must make sure that the full thickness of the skin down
into the underlying fatty tissue is taken to insure that the skin surface is
removed intact. The entire specimen is then placed in 10% buffered formalin
and allowed to remain for 10 to 12 h for proper fixation. After fixation the
VPS can be gently removed. If the technique was successful, the correct
anatomic curvature should be present as the skin was then fixed in this
position by the action of the formalin. Distortions can and possibly will occur
on separation of the two media so extreme care is advised when taking them
apart. If the material is distorted on separation, it must be used for study
with extreme caution. If the odontologist is working for the prosecution, the
specimen will be available to the other experts representing the defense.
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Under the Federal Rules, and in some states, all material must be shared with
both the prosecution and the defense. If the case notes reflect any untoward
or unexpected happenings, they can be defended under extensive questions
in trial. When these notes are missing or overlooked, and the opposing
experts discover what has occurred, the testimony will be tainted or circum-
spect, no matter how well the rest of the examination was done. When things
are accidentally or purposely left out, this leads to questions like “What else
have you overlooked or conveniently left out in this case, sir”? “Is it not the
function of a true scientist to record all observations, not just the favorable
ones”?

The advocates of this technique further state that the fatty tissue can be
gently dissected free from the under surface of the skin and discarded. Dr.
Dorion has used similar techniques and later could transilluminate and
blacklight the specimen to study the outline and other aspects of the bite
injury. He has stated that he has observed no appreciable change over a period
of up to five years.23 One of the authors (PGS) received a bite mark specimen
that was dissected free from the body and pinned to a board. Photographs
were available with scales before the removal and the resulting specimen had
shrunk considerably (more than 20%) because the specimen was small and
thin and the peripheral margins away from the bite mark were only 2 cm.
Additional photographs were taken with more contrast to help outline and
orient the injury. Histopathologic sections showed that the bite injury
occurred before death. Critical measurements or other studies were not war-
ranted due to the shrinkage of the resected specimen.

Photographic overlays are useful in the study of bite marks. Some odon-
tologists prefer to use warmed aluwax or styrofoam for their studies. No one
technique is preferred above any of the others as each works well for the
individual odontologist. There are several methods of producing overlays.
One method is to place a thin glass or plastic sheet over the occlusal surfaces
of the study casts and trace the outlines of the anterior teeth back to the level
of the first premolar. It is a very unusual bite mark that has teeth indentations
beyond the first premolar. In a severe prognathic or retruded chin case other
premolars and molars are possible. The sketching of the occlusal outlines
takes time and patience. One possible problem with this technique is that of
examiner bias. The tracings should be done on all suspects and labeled prior
to any use of them on the life-sized bite mark photographs. A line of ques-
tioning that will be asked on the witness stand is “Doctor, you are very
concerned about the rotation of this certain tooth, are you not? It is very
critical in the examination and tends to point to the suspect does it not? Is
it possible, knowing that, that when you sketched the teeth you could have
accentuated it just a little, to make it fit better”? To counter that problem and
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produce overlays that can have multiple copies a photographic method is
preferred by the authors.

A Sharpie® pen is used to outline the incisal and occlusal surfaces of the
anterior teeth and the first premolar (Figure 7.7). The entire occlusal surface
of one posterior molar on either the right or left side of both the mandibular
and maxillary study cast is darkened. This will later be used to orient the
overlays and prevent one of them from being inadvertently reversed. All
overlays should be marked to prevent reversal and aid in their usage. Some
odontologists also like to mark the duplicated casts with their choice of tooth-
numbering system. A scale is placed at the incisal edge of the anterior teeth
and a photograph is taken to produce a black and white negative (Figure 7.8).
This can be done in a 135-mm format or in actual life size. Once the negative
is obtained, the background scatter is removed, being careful to avoid the
critical areas of the incisal and occlusal surfaces. This is brought back to life
size in the darkroom and multiple copies in either sheet film or overhead
projection type prints are then produced. The overlay represents an exact
photographic representation of the surfaces of the teeth in the study casts.
The overlays are then used to place over the life-sized photograph to judge
the relative size, rotations, and fit of the suspect’s dentition. Another method
used to produce overlays is to use a copy machine with clear laser print film.
When doing this technique it is imperative that two ABFO #2 scales are used
at right angles, or four small scales used at right angles in the upper and
lower opposite corner of the resulting copy of the occlusal surfaces. The study
cast occlusal surfaces can be highlighted with the Sharpie® as before. The
reason for the double set of rulers is to determine the accuracy of the product
produced by the photocopy machine, as discussed by Dailey.24 The actual
rulers used must stay with the case to prove that life size was achieved in the
technique. Substitution of other rulers will detract from the accuracy.

Other methods of making study aids include resin casts, aluwax impres-
sions filled with a radiopaque material, and cast occlusal outlines.
McKinstry25 describes two techniques for the fabrication of resin casts. One
technique produces visible-light-cured dental casts in approximately 30 min.
This technique is useful for rapid screening of suspects in a bite mark case.
The second technique fabricates “crystal clear” epoxy resin casts of the sus-
pect’s dentition. The dental casts are translucent and thus permit visualiza-
tion through the teeth when comparisons are made to bite marks or to
tracings or life-sized photographs of bite marks. The author states that the resin
casts are less brittle than stone casts and are better for storage. They also make
excellent educational tools for use by a jury in trials involving bite marks.25

Aluwax or pink baseplate wax can be heated and pressed against the
incisal and occlusal surfaces of the teeth, or a stone model. The indentations
can then be filled with amalgam fillings or any other radiopaque substance
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and a radiographic image taken. This produces a black film with a white
outline of the teeth. The film can be trimmed to provide the outer or inner
edge of the teeth and their relative spacing and placement in the mandible
or maxilla. This can then be used as a template for use studying a bite mark.

Figure 7.7 Outlines of incisal surfaces of the anterior teeth on a dental stone
study model. Note blackened occlusal surface of posterior right molars to insure
proper alignment when using finished overlays.

Figure 7.8 Scale at height of incisal edge of teeth for producing photographic
negative. This helps to diminish distortions in the finished overlay.
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A few years ago, one of the authors (PGS) used orthodontic wire to
outline the outer edges of a suspect’s dentition to study a bite mark. The
outlines were used for photographic purposes and ultimately were taken to
court. While being viewed by the jury, one juror happened to bend the wire
frame. After the study casts are duplicated (which should be done in every
case to prevent breakage of critical evidence), cast metal outlines of the outer
surfaces of the dentition are then produced. Instruct the laboratory to cover
the surface of the first premolar tooth and to polish this surface very well.
When used by attorneys or juries, the instructions to them are “place the
shiny side of the horseshoe-shaped metal frames down on the picture.” This
insures that the proper orientation of the metal frame will be used for study
or comparison. (See also photographs in Appendix B.)

Duplicated study casts can be placed over the life-sized photograph of
the bite mark for comparisons. This is somewhat difficult as close details are
lost due to the type of material that the study casts are made from. The
crystal-clear cast25 would be a distinct advantage in this situation. The angle
of the photographic image is very critical when dental casts are placed over
a photograph and must be used with caution. When presented with this type
of evidence always ask to have the original material, or duplicates, to make
the match on your own. The clear cast would be helpful, but there will be
artifacts in it due to the thickness of the material and the shape of the teeth.
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8Dentistry’s Role in 
Detecting and Preventing 
Child Abuse

GERALD L. VALE

“Ladies and gentlemen, we are all screwing up. As a result, children are dying.”

— Los Angeles Police Detective

Santa Monica Child Abuse Conference

Introduction

With the above terse statement, a seasoned police officer expressed his horror
and frustration at society’s failure to deal with a 240% increase in child
homicides in his jurisdiction. He cited the case of a child who was repeatedly
beaten at home and was brought to the hospital four times in a period of
three months. Yet nothing was done to change the situation, and the child
was ultimately beaten to death. This author has witnessed similar tragedies
in the coroner’s office.

From 1985 to 1994, the number of children reported abused nationwide
has increased every year and there has been a 63% increase during this
period4,13 (Figure 8.1). In 1994, an estimated 3,140,000 cases of suspected
child abuse and neglect were reported, and 113,960 cases of sexual abuse
were served by child welfare agencies. Significantly, the rate of confirmed
fatalities has increased 48% between 1985 and 1994. In 1994, an estimated
1,271 children died from abuse or neglect.1

Child abuse may be defined as any act of commission or omission that
endangers or impairs a child’s physical or emotional health and development.
Such acts include physical, sexual, or emotional abuse, as well as physical
neglect, inadequate supervision, and emotional deprivation. Child abuse is sec-
ond only to SIDS (Sudden Infant Death Syndrome) as the leading cause of death
in children under one year of age. In older children it is second only to accidents.2

It is now widely agreed that an absolutely crucial factor in the fight against
child abuse is early recognition of the problem so that effective intervention
can be undertaken.4,5 It has been reported that 35% of children who have
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been abused will be seriously reinjured if returned to the parent or guardian
without intervention. Indeed, 5% will be killed.5

It is important to realize that all members of the dental team have a
unique opportunity — and a legal obligation — to assist in the struggle
against child abuse. This special opportunity exists because a high proportion
of abused children suffer injuries to the face and head, including the oral and
perioral regions. These injuries may be observed during the course of dental
treatment — and in some cases even before the child is seated in the dental
chair.6

This chapter, then, is dedicated to helping dental health care workers and
others fulfill an important mission — the detection and reporting of child
abuse. It will also touch on the use of dental evidence in crimes against
children. The ultimate goal is to save children’s lives.

Our mission involves (1) knowing the signs of child abuse and neglect,
and (2) fulfilling the legal and moral obligation to prevent further abuse by
documenting the injuries by photographs or other means and reporting the
matter to the police or social welfare agency. In addition, the individual who
has studied the techniques of forensic dentistry may have the opportunity to
participate in the investigation of crimes against children and to testify as an
expert witness. Whether called by the prosecution or the defense, the expert’s
goal should always be the same — to assist the trier of fact (the judge or the
jury) in the effort to seek the truth.

Incidence of Orofacial Lesions

Perhaps because crying or speaking emanates from the mouth, this area is
frequently the focus of attack in cases of violent child abuse.8 Studies have
shown that oral or facial trauma occurs in about 50% of physically abused

Figure 8.1 Between 1985 and 1994 the number of children reported abused
increased from 1,919,000 to 3,140,000.
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children. Thus Cameron et al., studying 29 fatal cases, found that approxi-
mately half had facial injuries.9 Similarly, Becker et al. reported orofacial
trauma in 49% of 260 documented cases of child abuse;10 65% of the abused
children had injuries to the face, head, or mouth — 61% of these injuries
were to the face, 33% were head injuries, and 6% were intraoral.

In general, any evidence of severe or repeated trauma to a child suggests
the possibility of abuse.11 This should precipitate not only a particularly
thorough oral and physical examination, but also a careful history and obser-
vation of the child and parents.

Detecting Child Abuse in the Dental Office

History

When a child presents for examination, particularly if there is an injury
involved, the history may alert the dental team to the possibility of child
abuse. Indeed, the history may be the single most important source of infor-
mation.12 Because legal proceedings could follow, the history should be
recorded in detail.

While one should always realize that there are other possible explana-
tions, the possibility of child abuse or neglect should be considered whenever
the history reveals the following:

• The present injury is one of a series of injuries that the child has
experienced.

• The family offers an explanation that is not compatible with the nature
of the injury. For example, the author recalls a case in which an effort
was made to explain away a clearly identifiable human bite mark as a
scrape caused by the edge of a diving board.

• There has been an extraordinary delay in seeking care for the injury.
• The family does not want to discuss the circumstances of the injury.

While the above findings are by no means conclusive, they should cause
the examiner to look further for possible signs of abuse, and to consider this
among the possibilities to be confirmed or eliminated.

General Physical Findings

Before examining the mouth, alert members of the dental team may note
general physical findings that are consistent with child abuse or neglect:

• The child’s nutritional state is poor and growth is subnormal.
• Extraoral injuries are noted. They may be in various stages of healing,

indicating the possibility of repeated trauma (Figure 8.2 and Plate 8).
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• There may be bruises or abrasions that reflect the shape of the offend-
ing object, e.g., belt buckle, strap, hand (Figures 8.3, 8.4, and 8.5).

• Cigarette burns or friction burns may be noted, e.g., from ligatures
on wrists, gag on mouth.

• There may be bite marks, bald patches (where hair has been pulled
out), injuries on extremities or on the face, eyes, ears, or around the
mouth (Figure 8.6).

As always, the examiner must remember that there may be explanations
other than child abuse for some of these findings.

Findings on Dental Examination

Examination of dental injuries includes thorough visual observation, radio-
graphic studies, manipulation of the jaws, pulp vitality tests, and percussion.
Transillumination may also be helpful.

Typical Oral Lesions
Both oral and facial injuries of child abuse may occur alone or in conjunction
with injuries to other parts of the body. The oral lesions associated with child
abuse are usually bruises, lacerations, abrasions, or fractures. Suspicion of
child abuse should be particularly strong when new injuries are present along
with older injuries. Thus scars, particularly on the lips, are evidence of previous

Figure 8.2 Bruises may change from reddish-blue or purple to green, yellow,
then brown over a period of 10 to 14+ days. See also color Plate 8.
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Figure 8.3 Right side of fatally abused child shows marks consistent with
cigarette lighter (above) and belt buckle (below).

Figure 8.4 Multiple scars on body of victim seen in Figure 8.3 demonstrates
that there was a history of physical abuse before the fatal beating occurred.
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trauma and should alert the investigator to the possibility of child abuse. As
noted earlier, further investigation is required when the explanation for the
injuries does not justify the clinical findings.

Tears of the labial or lingual frenula
Tears of the frenula, particularly the labial frenum, are frequently seen in
child abuse cases. These injuries may result from blunt force trauma. For
example, the labial frenum may be torn when a hand or other blunt object
is forcibly applied to the upper lip to silence the child (Figure 8.7). Injuries
of this type may also occur in forced feeding, as a result of the bottle being
forced into the mouth.13

Oral mucosa torn from gingiva
Blunt force trauma to the lower face may also cause the mucosal lining of
the inner surface of the lip to be torn away from the gingiva. A forceful slap,
for example, may have this effect. The location and extent of the injury will
depend on the magnitude of force and the location and direction of the blow
(Figure 8.7).

Loosened, fractured, or avulsed teeth
Severe trauma to the lower face may loosen teeth, completely displace them
from their alveolar sockets, and/or cause dental fractures (Figure 8.8). It is

Figure 8.5 A hard slap to the face left marks of four fingers of attacker’s right
hand on this victim’s cheek.
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Figure 8.6 Multiple bite marks on fatal victim of child abuse.

Figure 8.7 Classical child abuse injury in maxillary frenum area apparently
caused by heavy blow to upper lip.
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not uncommon for root fractures to occur, but this finding may be missed
unless the radiographs are examined carefully.

These injuries, as well as most other traumatic injuries, may be accidental
rather than abusive. Therefore, one must always determine whether the injury
is compatible with the explanation given. If the dental injuries resulted from
a fall, for example, one would usually expect to also find bruised or abraded
knees, hands, or elbows. When these additional injuries are not present,
further inquiry is appropriate.

In evaluating and reporting dental injuries, it may be helpful to use
Andreasen’s classification, based on a system adopted by the World Health
Organization.14 It is summarized below:

Crown infraction — incomplete fracture (crack) of enamel with loss of
tooth substance

Uncomplicated crown fracture — confined to enamel or enamel and
dentin, pulp not exposed

Complicated crown fracture — involves enamel and dentin, pulp is
exposed

Uncomplicated crown-root fracture — involves enamel, dentin, and
cementum, but does not expose pulp

Complicated crown-root fracture — involves enamel, dentin, cemen-
tum, and exposes pulp

Concussion — injury to supporting structures without abnormal loos-
ening or displacement of the tooth, but with marked reaction to
percussion

Figure 8.8 Traumatic injuries should be assessed to determine whether the
injury is compatible with the explanation, and whether there is evidence of earlier
trauma.
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Subluxation (loosening) — injury to supporting structures with abnor-
mal loosening, but without displacement of the tooth

Intrusive luxation — tooth displaced into alveolar bone, injury accom-
panied by comminution or fracture of alveolar socket

Extrusive luxation — tooth partially displaced out of its socket
Lateral luxation — tooth displaced in a direction other than axially, with

comminution or fracture of alveolar socket
Exarticulation (complete avulsion) — tooth completely avulsed from

socket
Comminution of alveolar socket — crushing and compression of alve-

olar socket, found with intrusive and lateral luxation
Fracture of alveolar socket wall — fracture confined to the labial or

lingual socket wall
Fracture of mandible or maxilla — involves the base of mandible or

maxilla and often the alveolar process, may or may not involve alveolar
socket

Laceration of gingiva or oral mucosa — shallow or deep wound in
mucosa resulting from tear, and normally produced by sharp object

Contusion of gingiva or oral mucosa — bruise usually caused by blunt
object, no break in mucosa, usually causes small submucosal hemor-
rhage

Abrasion of gingiva or oral mucosa — superficial wound produced by
rubbing or scraping mucosa, leaving raw, bleeding surface

Darkened and/or nonvital teeth
The tissues of the dental pulp receive their primary blood supply through
the apical foramen. When the tooth receives a concussion, the apical blood
vessels may be severed, or hematoma or edema may occlude the blood vessels
as they enter the tooth.15 As a consequence, the pulp may become necrotic
and nonvital. Necrosis of the previously pink pulp tissues will usually cause
a noticeable darkening of the tooth.

In some cases of dental trauma, the dental pulp’s response to the injury
may be to deposit additional secondary dentin in the pulp chamber. This
may continue until the entire pulp chamber is filled in, or obtunded. Again,
the loss of the hollow pulp chamber with its normally pinkish contents is
likely to cause a change in the color of the tooth.

It is important to remember that both of the processes described above
occur over a period of weeks, or even months. Consequently, when a child
presents with current dental trauma and also has one or more dark teeth
unrelated to caries, it is probable that the child has experienced previous
trauma. Further inquiry to determine the nature of the trauma should be
undertaken.16
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Previously missing teeth
In examining a child who has experienced recent trauma, it may be noted
that one or more teeth has been lost prior to the present incident. The etiology
of this earlier tooth loss should be investigated. If it was due to “an accident”,
a pattern of repeated trauma has been established. This pattern needs to be
evaluated, and child abuse is one of the possibilities to be considered.

Trauma to the lip
It is not uncommon to find contusions, lacerations, burns, or scars on the
lips of abused children. Bruises to the lip may result from forced feeding.
Burns on the lip, as well as burns on the face or tongue, may be signs of
physical punishment.13 Bruises at the angles of the mouth may result from
efforts to gag or silence a child.

Trauma to the tongue
The tongue of an abused child may exhibit abnormal anatomy or function
due to scarring.17 This may result from a burn or other trauma.

Other soft tissue injuries
Trauma to the mouth may also cause ulceration of the palate or uvula.
Additionally, lacerations are sometimes found in the floor of the mouth,
which may be caused by forced bottle feeding.

Fractures of jaws and associated structures
Fractures of the maxilla, mandible, and other cranial bones may be found in
cases of child abuse. If the radiologic study shows signs of old as well as new
fractures, a pattern of repeated trauma has been found, and needs to be
investigated with reference to possible child abuse.

The examination for maxillofacial fractures is performed within the concept
of overall patient care, including airway maintenance, control of hemorrhage,
and neurologic examination. In a significant number of jaw fractures there is
also damage to associated structures, including the cribriform plate, nasal, and
zygomatic bones. Intracranial lesions and skull fractures may also be present.

The diagnosis of fractures of the jaws is made primarily on the basis of
clinical and radiographic findings.18 The clinical examination includes both
extraoral and intraoral palpation. Bilateral palpation is helpful to detect
asymmetry.

Swelling or ecchymosis in the lower face is suggestive of fractures of the
mandible. Fractures should also be suspected if there is an abrupt change in
the occlusal level of the teeth. This may be associated with open bite, difficulty
in opening the mouth, and facial asymmetry. Other signs and symptoms
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include abnormal mobility of bony structures, or the ability to move the
mandible beyond its normal excursion in any direction. Dingman and Natvig
suggested supporting the angle of the mandible and pressing the anterior
mandibular region up and down to detect fractures of the body of the
mandible.18 Crepitation and deviation of the midline on closing may be
diagnostic signs, as well. Pain in the area of the temporomandibular joints
may suggest fractures in this region.

The medical practitioner who observes dental trauma is well advised to
seek consultation with a dentist experienced in dental injuries to children.
This might be a pediatric dentist, oral and maxillofacial surgeon, or general
dentist. This added expertise is important, not only to care for the present
injury, but also to help evaluate previous trauma.

General neglect of the mouth
A child with rampant, untreated dental decay and poor oral hygiene is suf-
fering from significant neglect. The consequences may be pain, infection,
and a threat to the child’s general health and well-being. The medical or
dental practitioner who observes this condition, particularly if it continues
after having been brought to the attention of the parents, should realize that
the situation is no different than having parents neglect any other important
medical condition. Moreover, this may be a sign of a more generalized prob-
lem in caring for the child. Indeed, Blain reports that a preliminary study
supports the high correlation between dental neglect and CAN (child abuse
and neglect).19

Health professionals faced with the need to decide when a case of dental
neglect justifies reporting may be interested in guidelines developed by the
California Society of Pediatric Dentistry. As reported by Blain, the following
conditions should be considered reasons for reporting if the caretaker con-
sciously fails to follow treatment recommendations in potentially life-threat-
ening situations:

• Failure to provide prescribed antibiotics.
• Failure to seek treatment for cellulitis and its associated infections.
• Failure to seek treatment for any acute or chronic infection, including

dental caries, when underlying life-threatening system conditions are
present such as subacute bacterial endocarditis, glomerulonephritis,
or juvenile-onset diabetes.

In addition, consideration should be given to reporting the following con-
ditions if the dental situation is deteriorating to the point where irreversible
harm will be done, leading to pain, discomfort, or a decrease in health or welfare:
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• Diagnosed caries or periodontal diseases which have been referred for
treatment and caretakers have failed to keep appointments.

• Presence of untreated traumatic injuries as indicated by nonvital teeth,
avulsed permanent teeth, and injuries to soft tissues, including signs
of scarring.

• Failure to seek recommended treatment for diagnosed severe malre-
lationships of the maxilla and mandible, including craniofacial anom-
alies, which may result in deficient speech, esthetic deformities, and
psychological disturbances.

Relative Frequency of Lesions in Suspected Child Abuse
In a survey of 1155 primarily pediatric dentists, it was found that the principal
dental injuries in cases of suspected child abuse, in descending order of
frequency, were fractures of the teeth (32%), oral bruises (24%), oral lacer-
ations (14%), fractures of the mandible or maxilla (11%), and oral burns
(5%).20 However, other authors report that lesions in which the oral mucosa
is torn away from the gingiva may be the most common injury to the face,
and may occur in as many as 50% of child abuse cases.21

Becker et al. reported that of the 14 cases in their series with intraoral
injuries, 43% were contusions and ecchymoses, 28.5% were abrasions and
lacerations, and 28.5% were dental trauma.10

Associated Facial Lesions
Becker et al. found that in their series of facial injuries in abused children,
66% of the injuries were contusions and ecchymoses, 28% were abrasions
and lacerations, 3% were burns, 2% were fractures, and 1% were bites.10

Knowledge of the color changes associated with bruising may be impor-
tant in determining when the injury occurred, and in determining whether
other injuries occurred during the same event or at different times (See
Figure 8.2 and Plate x). Kessler and Hyden point out that after the injury
occurs, the area is usually tender and swollen, but the bruise may not be
visible as a contusion or ecchymosis for 24 to 72 hours. A reddish-blue or
purple color may be visible immediately or within the first 5 days. This initial
color may change to green in 5 to 7 days, then to yellow in 7 to 10 days, then
to brown in 10 to 14+ days, before clearing in 2 to 4 weeks.12

Injuries to the face may include trauma to the eyes, ears, and nose, as
well as to the oral cavity. Blunt force trauma to the eye may cause periorbital
bruises (black eyes), acute hyphema (blood in the anterior chamber of the
eye), retinal and subconjunctival hemorrhage, ruptured globe, dislocated
lens, optic atrophy, traumatic cataract, and detached retina.12

Direct trauma to the nose may cause deviated septum due to cartilage
injury or hematoma formation. Such trauma may also cause nasal fractures,
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with accompanying bilateral periorbital ecchymosis. Injuries to the ear may
be associated with twisting and bruising, while repeated blows may eventually
result in a “cauliflower ear”. Blows to the ear can also rupture the tympanic
membrane or cause hemorrhage and hematoma formation.13

Bruises from hand slapping are not uncommon. In such cases the bruise
may reproduce the outline of the hand in startling detail (Figure 8.5). As
noted earlier, other cutaneous injuries may also take the shape of the object
used to inflict the injury, such as a belt buckle or looped electric cord.13

It has been suggested that whenever bruises occur on both sides of the
mouth or face at once, or if there is scarring of the lips, abuse should be
suspected. Also, the presence of injuries on multiple body surfaces suggests
abuse. McNeese and Hebeler point out that such multiplanar injuries would
occur accidentally only as a result of tumbling falls (e.g., falling down stairs)
or trauma incurred during automobile accidents.13

As noted earlier, the lips and corners of the mouth may show contusions,
lacerations, burns, or scars due to the frequency of attack to the mouth in
abused children. In the author’s experience, bite marks on the face of children
are most commonly found on or around the cheeks. However, they may
occur on the ear, nose, chin, or elsewhere.

Documenting and Reporting Child Abuse

When one suspects child abuse, it is important to document the findings
thoroughly. This record of the evidence is crucial for whatever legal proceed-
ings may follow. Documentation may involve written notes, photographs,
and radiographs. In some cases videotapes or audiotapes may be helpful. It
is important that critical photographs of injuries include a ruler or scale held
adjacent to the injury and on the same plane as the injured surface. When
possible, 35-mm photography should be used.22 Fortunately, cameras
equipped for dental photography are ideal for photographing most body
injuries.

It the child requires medical attention, referral should be made to the
proper resource. Even if immediate medical care is not required, if a pedia-
trician is readily available the dentist may wish to consult regarding the
suspected child abuse prior to reporting. However, the absence of consulta-
tion does not relieve the dentist from the responsibility to promptly report
suspected abuse.

In the great majority of states, dentists, as health professionals, are
required by law to report suspected cases of child abuse and neglect, and a
penalty is provided for failure to report. All 50 states have child abuse legis-
lation granting immunity to mandated reporters.21
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To illustrate the reporting requirement, California law requires that any
child-care custodian, health practitioner, nonmedical practitioner, or
employee of a child protective agency who has knowledge of, or who observes
a child whom he or she suspects has been the victim of child abuse, report
to a child protective agency immediately or as soon as possible and send a
written report within 36 hours of learning of the incident. The definition of
health practitioner includes dentist resident, dental hygienist, and other
licensed individuals, which includes the registered dental assistant. Also, the
Penal Code provides that failure to report is a misdemeanor punishable by
up to 6 months in jail or a fine not to exceed $1000, or both.24

The report can be made to the local police agency or welfare department.
Persons desiring further information on the agency to call can phone the
National Child Abuse Hotline at (800)422-4453 for referral to a local agency
or for other supportive information.

In addition to criminal liability for failure to report, the practitioner
could also face a civil lawsuit if there is subsequent injury to the child.25

In general, most states provide broad legal protection for health care
practitioners who report child abuse. In the California example, the man-
dated reporter shall not be “civilly or criminally liable for any report required
or authorized by this article.”24

While lawsuits can still be brought against the reporter, they are likely to
be dismissed under the immunity statutes. Considering the legal obligation
to report and the statutory protection provided for the reporter, there would
seem to be a greater risk from failing to report than from reporting.26

Problems in Dental Reporting of Child Abuse

It is generally agreed that the true number of child abuse cases is probably
far in excess of the number of cases actually reported. Since a substantial
number of abused children have injuries in or around the mouth, it would
seem likely that dentists would be a significant source of child abuse report-
ing.6,26 However, this has not been the case historically.

Blain reviewed the records of three large metropolitan hospitals and the
state and local police reports of child abuse and neglect (CAN). Of the 1276
cases diagnosed as suspected or confirmed CAN, only one had been referred
by a dentist.17

In a survey of general dentists and specialists in Massachusetts, with 537
responses, 95% of oral surgeons and 90% of pediatric dentists reported seeing
cases of orofacial trauma. More than 8% of all dentists surveyed saw cases
of orofacial trauma of a suspicious nature. The percentages were much higher
for oral surgeons (22%) and pediatric dentists (18%) than for other dentists.
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Although 22 cases of confirmed child abuse were noted in the responses, only
4 cases (18% of the suspected cases) had been reported to the appropriate
agency.10

Malecz reported a survey of 155 dentists, 75% of whom practiced pedi-
atric dentistry full or part time. Only 9% had ever filed a report, and 7%
stated that under no circumstances would they do so. The most common
reason given for unwillingness to report was uncertainty about the diagnosis,
fear of litigation, unfamiliarity with symptoms of child abuse, possible effect
on the practice, reluctance to believe one could inflict cruelties on one’s
offspring, and uncertainty about the reliability of the child’s account of the
injury. Significantly, the overwhelming majority felt they had inadequate
training in the diagnosis of child abuse, and many who were surveyed stated
that they would be interested in obtaining additional information on the
subject.20

Blain has suggested that dental professionals may be negligent in their
legal and social roles of preventing and intervening in cases of CAN.17 He
noted that, “This failure to report cases of child abuse violates state reporting
laws; not reporting cases may, in effect, allow the continuation of child abuse,
and more importantly, prevent both the child and his family from getting
the social welfare and medical aid that they may need.” However, Becker and
co-workers pointed out that the low rate of reporting among dentists is
similar to the low rate of physicians reporting confirmed abuse cases, as
indicated in other reports.10, 12

It should be noted that in recent years efforts have been made to educate
the dental profession and encourage appropriate reporting. New York State,
for example, requires all dentists and dental hygienists to complete a two-
hour course in the identification and reporting of child abuse as a condition
of relicensure. Also, publications of the American Dental Association and
material and presentations developed by the P.A.N.D.A. Coalition (which can
be contacted through Delta Dental Plans) have played a significant role in
heightening the dental profession’s awareness of its responsibilities in this
area.

Overdiagnosis of Child Abuse

While the importance of reporting suspected cases of child abuse and neglect
cannot be overemphasized, the thoughtful practitioner should also consider
the other side of the coin. When a child’s problem is thought to be child
abuse and it is not, considerable harm may be done to the child, the parents,
and the doctor-patient relationship. Kaplan reviewed 15 cases that were mis-
diagnosed as child abuse. They included a child whose generalized bruises
were later found to be related to cystic fibrosis.27 McClain et al. reported on
another supposedly abused child who was found to have acute lymphoblastic
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leukemia of childhood.28 Kaplan concluded that overdiagnosing the battered
child syndrome can be as harmful as failing to consider it.27

In an interesting recent case, physicians noted vaginal discharge in a nine-
year-old girl. They suspected sexual abuse. The child was taken from the
parents that same day and placed in protective custody for seven weeks. It
was later determined that the discharge was due to chicken pox, rather than
child abuse. The parents then sued the physician, hospital, and others.

Not surprisingly, the California appellate court held that the claims for
malicious prosecution, defamation, and civil rights violation could not be
maintained. They were consequences of the reporting and were barred
because of the immunity provided by the Child Abuse Reporting Act. How-
ever, the court held that the claims for malpractice, false imprisonment, and
intentional and negligent infliction of emotional distress could go forward.
In so ruling, the court made it clear that the plaintiffs would be permitted
to allege, if possible, only facts that may have occurred “outside the reporting
process”. Immunity under the Act extends only to the reporting and all results
flowing from it.29

As a related matter, it is important for the dental team to be familiar with
certain cultural practices that may produce lesions similar to those of child
abuse. For example, children from Vietnamese families may present with
ecchymotic lesions involving not only the back, but the face as well. These
lesions may be produced by pinching the skin, or by rubbing it with a coin
or cloth. This is part of the practice of cao gio (literally, “scratch the wind”),
intended to free the body of “bad winds”, believed responsible for various
illnesses. The practice has been described as “pseudobattering” because the
intent is to help rather than harm the child.30

Case Reports

As noted at the beginning of this chapter, dentists not only have the oppor-
tunity to report suspected cases of child abuse, they may also be in a position
to assist the justice system in the investigation of crimes related to child abuse.
Two such cases are presented here.

Case 1: Identification of Murder Victim

On a college campus north of Los Angeles County, a boy was playing with
his dog on an autumn day. He threw a stick into a clump of brush and trees,
expecting the dog to retrieve it. Instead, the dog returned with a human hand
and arm. Searchers ultimately recovered additional, mostly skeletonized
remains of a young child.
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The authorities suspected the body might be that of a six-year-old boy
who had disappeared approximately three months earlier. With other meth-
ods of identification unavailable, the sheriff ’s department transported the
skull to Los Angeles to see if dental evidence could be helpful (Figure 8.9).

A problem in this case was that no dental records of the suspected victim
were available for examination. The youngster was reportedly caries-free and
had never been to a dentist. The only dental information was in the form of
two smiling photographs taken of the boy about ten weeks before he disap-
peared.

Dental radiographs were taken of the skull to assess dental and chrono-
logic age (Figure 8.10). From the stage of development of the dentition, it
was determined that the skull was consistent with that of a youngster approx-
imately six years of age. In the absence of restorations or unique dental
findings, it would be much more of a challenge to attempt to individualize
the skull.

The photographs of the boy’s face were enlarged as much as possible to
enhance the visibility of the teeth without losing all detail (Figure 8.11). These
photographs documented that the suspected victim’s erupting mandibular
central incisors were slightly crowded. This caused some rotation of the left
central incisor, with the mesial surface turned labially and overlapping the
right central incisor slightly. With allowance for some additional eruption
since the photographs were taken, these findings of crowding and rotation
matched the condition of the skull.

The author and the director of a large pediatric dental program then
closely examined each tooth visible in the photograph and compared it to
the corresponding tooth in the skull. The examiners looked at relative size
and shape of the crown (including morphology of the incisal edge), height

Figure 8.9 Case 1. Skull of child homicide victim shows crowding and overlap
in mandibular incisor region.
©1997 CRC Press LLC



      
of the tooth and angular relationship to adjacent teeth, size and shape of
embrasure, etc. This study yielded 14 variable features that matched, includ-
ing 2 that were considered distinctive.

Figure 8.10 Case 1. Radiographs of skull show development and eruption pat-
tern consistent with child approximately six years old.

Figure 8.11 Case 1. Extreme enlargement of smiling photograph shows crowd-
ing and overlap of mandibular central incisors. Additional eruption occurred prior
to death.
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The author reported his conclusion that the skull was that of the young
boy in the photograph. Because the dental evidence was somewhat limited,
the author suggested that the police also attempt to use other methods (if
possible) to corroborate the dental findings. He was later informed that
efforts to match friction ridges on the mummified soft tissues of the victim’s
extremities had succeeded, and had produced the same conclusion as the
dental investigation. A suspect was arrested, tried, and convicted of the child’s
murder.

Case 2: Identification of Murder Suspect

A local police agency asked the author to examine a child abuse victim in
the intensive care unit of a university hospital. The child appeared to have
been severely beaten and was being maintained on life support systems
(Figure 8.12). Although there were multiple contusions, the only area that
could be clearly identified as a human bite mark was on the upper left arm,
close to the axilla.

The bite mark appeared to be of poor evidentiary value (Figure 8.13). It
included a faint, diffuse crescent-shaped arc that was consistent with a well-
aligned human dental arch. The opposing arch left a small registration that
lacked detail. In addition, there were three sets of striated contusions (scratches)
that appeared as if they could have been caused by human teeth with rough
edges. The child died several days after being examined at the hospital.

Figure 8.12 Case 2. Child abuse victim when examined in hospital. Bite mark
is on left arm with portion of mark visible through tape.
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The suspect in the case denied involvement in the crime and suggested
that any bite marks would have been caused by the child’s sister. Accordingly,
the sister was bought in for examination. It was quickly determined that it
would have been impossible for her very narrow deciduous dental arch to
have caused the broad bite mark found in this case.

Further attention was then given to the casts of the suspect’s teeth. It was
noted that his mandibular teeth were well aligned and made a rather flat
arch. When the cast of his mandibular arch was placed over a life-sized (1:1)
photograph of the bite mark, it fit exactly as to size and shape. However, this
only made the suspect a member of the class of people whose mandibular
arch would be similar to the bite mark under study.

In evaluating individual characteristics of the suspect’s teeth, it was noted
that the mandibular right central incisor had a very slightly chipped incisal
edge. In addition, the adjacent incisal portions of the tooth on each side also
had slight chipping (Figure 8.14). However, it seemed very questionable that
such slight irregularities would account for the distinct striated contusions
or bruises found on the victim’s body.

To evaluate this question, the author enlisted the assistance of a crimi-
nalist, with the intent of utilizing comparison microscopy. The plan was to
compare the tooth irregularities with the scratch marks in the same manner
that a tool mark examiner compares scratch marks on a damaged surface
with features of a suspect tool. Ultimately, however, the criminalist made a series
of test scratch marks in baseplate wax, using casts of the victim’s teeth

Figure 8.13 Case 2. Lower portion of bite mark showing faint mandibular arch
and three sets of striated contusions or bruises.
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(Figure 8.15). This made it possible to compare marks made by a known source
(the suspect’s teeth) against the striated marks found on the victim’s body. The
author made further tests and was able to replicate the criminalist’s findings.

When the scratch marks in wax (made by the suspect’s dental casts) were
compared to the photographed scratch marks on the victim’s body, it was
noted that there was a high degree of correlation. There were similarities as
to the spacing between the incisor teeth and to the nature of the striations
caused by the irregular tooth surface. There was also correlation as to size of
the teeth and their lack of rotation (Figure 8.16). Coupling these observations

Figure 8.14 Case 2. Slight chipping is present on labial incisal edge of mandib-
ular right central incisor and to a lesser extent on adjacent teeth.

Figure 8.15 Case 2. Marks in wax produced experimentally, using mandibular
cast of suspect’s teeth.
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with the matching dental arch form and size, it was the author’s opinion that
the suspect had bitten the child.

The results of the dental examination were then presented to the suspect.
Although he had previously insisted on his innocence, he now decided to
change his plea to guilty and was subsequently convicted in the child’s death.

Summary and Conclusion

It is the author’s view that there is no worthier goal than to save the life of
a child. The dental team that is alert to the fact that many children are being
abused, and that many of these abused children have injuries to the head and
around the mouth, may be able to identify an abused child and institute steps
that might save the child’s life. Moreover, the dental team may also be in a
position to assist in the apprehension and conviction of the individual
responsible for abusing or killing a child.

In conclusion, the author wishes to emphasize the need to fulfill these
obligations in a thoughtful and responsible manner. The practitioner should
remember that incorrect or irresponsible accusations of child abuse can have
a devastating effect upon the life of an innocent individual. With regard to
expert testimony, the practitioner should remember that his or her obliga-
tions are the same, whether retained by the prosecution or the defense. The
expert’s role is not to act as an advocate for one side or the other. The expert’s
role is to assist the judge or jury in the search for truth.

Figure 8.16 Case 2. Marks in wax produced by cast of suspect’s teeth compared
to marks on child’s body.
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9Mass Disaster 
Management*

WILLIAM M. MORLANG II

Introduction

The world has experienced a plethora of mass disasters in recent years —
hurricanes, earthquakes, floods, typhoons, mud slides, transportation mis-
haps, aircraft accidents, fires, volcanic eruptions, industrial accidents, terror-
ist acts, and armed conflicts.1-9 In addition to naturally occurring disasters,
as the world population increases technology expands and life becomes more
complicated. As a result, we may anticipate more untoward events generated
by people. The role that forensic dentistry and the forensic science commu-
nity plays in such disasters varies with the jurisdiction throughout the
world.10-20 The response to a disaster may also differ. Society, religion, gov-
ernment structure, laws, and resources are some of the response-determining
factors.21-32 The identification of human remains in mass disasters allows
surviving family members to go through the grieving process; place legal,
business, and personal affairs in order, and continue with the processes of
life. Formal documentation of death requires positive identification and is
essential to the collection of life insurance, the settlement of estates, actions
in wrongful death suits, remarriages, and in some cases, federal intelligence
issues. The lack of a death certificate, in most jurisdictions, results in extensive
legal problems for surviving family members which may span many years.
The investigation into the cause, the manner and the mechanism of the death
allows for improvements in safety, design, health care, wellness, and life in
general.

The goals of this chapter are (1) to provide an overview of disaster
management, (2) to detail the role of forensic dentistry in the identification
of human remains in mass disasters, and (3) to provide a protocol that
integrates the forensic science sections into an Identification Center. The

* The views expressed in this article are those of the author and do not reflect the official
policies or position of the Department of Defense or the U.S. Government.
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protocol presented is not the only approach to human remains identification
in mass disasters. It has, however, been developed in response to and utilized
in some of the largest disasters in modern history. The protocol can be scaled
up or down in size and scope to meet the local need. If your jurisdiction does
not already have an Identification Center plan, it offers a starting point. For
those with an established response plan, it is food for thought and a plan
enhancement tool.

Disaster Assistance

When the magnitude of a disaster overpowers the local jurisdiction, one must
remember that public law provides for assistance. The local authorities for-
mally request assistance from the county and then from the state government.
The State Governor may request assistance from the Federal Government
through the President and the Federal Emergency Management Agency
(FEMA). Once support is approved, federal agencies can lend assistance.
Military Services in the local area can help with immediate life-saving activ-
ities in the civil sector, but once that is accomplished, their efforts must stop
until federal approval of support is gained. The Federal Bureau of Investiga-
tion (FBI) has a disaster fingerprint team on call that can respond rapidly to
a mishap such as an aircraft accident with a known population. They respond
with fingerprint data from their files on persons listed on the airline manifest
or believed involved. A telephone point of contact for this team is (202)
324-5401. The Federal Aviation Administration (FAA) and National Trans-
portation Safety Board (NTSB) are also immediately available for aviation
and transportation mishaps. These three federal agencies are governed by a
different series of public laws that permit their direct response to a request
for assistance by a local jurisdiction without FEMA involvement, or are
required to act in the event of aircraft or transportation mishap.

Disaster Site Management

In the recovery phase of the disaster, a 500 to 2000-ft security cordon should
be established outward from the disaster site. An entry control point for the
cordon is placed upwind of the site. An access list is developed and all
personnel within the cordon must wear identification badges. These actions
are necessary to protect disaster evidence, staff, and bystanders. Once the site
has been declared safe by fire department and safety personnel, an overlap-
ping ground search should be undertaken by a specially trained recovery
team. The team carefully searches the site for human remains or fragments.
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Fragmentation and commingling of remains will be a major problem with
high g force mishaps. The integument will be the organ system most often
found in such cases. The training of this recovery team is critical to the success
of the Identification Center. The Identification Center staff is limited by the
evidence recovery expertise of the staff in the field. Professional staffing on
the recovery team pays a big dividend in successful team action and facilitates
the gross identification of human material in the field. As the recovery team
accomplishes its task, it should mark the locations where human remains or
fragments are found. A body recovery tag should be placed on each specimen.
The numbering system should be as simple as possible … 1, 2, 3, …. Tags
can be prenumbered prior to the disaster to avoid duplication and errors in
the field. If multiple recovery teams are working, again, keep the system
simple … Team A, Team B, Team C. Tags should read: A-1, A-2, A-3 … B-
1, B-2, B-3 … C-1, C-2, C-3. The use of computers and bar code readers can
be most helpful from the beginning in remains/fragment tracking, documen-
tation, and management. A grid chart or map should be developed that
graphically relates the remains to the site and other evidence points. Remains
exposed to fire require special attention prior to movement. Normally, dental
identification may be the only identification methodology available in severe
burn cases. The heads of severe burn cases should be wrapped in elastic
bandage and then in plastic prior to movement to protect dental evidence
that could otherwise be dislodged or lost. Once the body has been prepared,
it is placed in a recovery bag for transport to the identification center. The
On-Site Command Post must carefully track the movement of bodies from
the site. Each jurisdiction must ensure they have an adequate supply of
recovery bags and be aware of a rapid replacement source. Dealing with
human remains without recovery bags is traumatic and labor intensive. The
remains should be removed to the Identification Center and refrigerated to
approximately 37°F as soon as possible. Refrigerated trailers and railroad cars
are efficient means to deal with this task in time of disaster: 50 to 75 bodies
can be stored per trailer, depending on size. Once all the remains have been
removed from the site, it is wise to repeat the overlapping ground search.
You will be surprised at the large volume of body fragments and personal
effects that will be located with the second effort.

Disaster Management

Preplanning, organization, coordination, and disaster response exercises are
the keys to successful disaster management.33-37 In reviewing mass disasters
to date, the problems haven’t changed. The major problems facing a forensic
identification center in time of mass disaster are
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1. Large numbers of human remains
2. Fragmented, commingled, and burned remains
3. Difficulty in determining who was involved in the disaster
4. Acquisition of meaningful medical and dental records and radiographs
5. Legal, jurisdictional, organizational and political issues
6. Internal and external documentation and communications problems.

In most jurisdictions, there are three or four legally admissible method-
ologies used to identify human remains: (1) visual identification, (2) finger-
prints or footprint identification, (3) dental identification, and (4) DNA
evidence. The visual methodology is the least reliable due to subjective factors
and the stressful situation in which a relative or friend is placed. The finger-
print mode is long respected, but is subject to the availability of antemortem
prints on file or retrievable latent prints from personal effects. Trauma and
fire associated with mass disasters sometimes destroy postmortem fingerprint
and footprint evidence. Most military aircrew members have footprints on
file and routinely wear flying boots that protect their feet. Additionally, many
military flyers also wear a “dog tag” in their boots. The dental structures are
highly resistant to destruction, but dental identification is also subject to
available antemortem dental records and radiographs. Dental radiographs
afford abundant objective evidence when antemortem and postmortem
radiographs are compared. Full mouth dental and panoral radiographs detail
unique and individual anatomy for comparison even in the absence of dental
restorations. The Department of Defense (DOD) has established a backup
file of panoral radiographs for all military members in the event their dental
records are destroyed or are not available. These panoral radiographs remain
on file indefinitely, even after the individual has left the armed forces. The
telephone point of contact for this DOD Panoral Radiograph Repository in
Monterey, California is (408) 646-1010. The dental insurance industry uti-
lizes dental radiographs extensively, therefore, dental radiographs are far
more available from private providers and insurance companies in time of
contingency. In recent years, dental record keeping has also been enhanced.
The unique and individual patterns of palatal rugae may play a positive role.38

DNA comparison is legally admissible in a growing number of jurisdic-
tions, but is somewhat limited due to the availability of antemortem com-
parison data.39-42 The Armed Forces Institute of Pathology and the Armed
Forces Medical Examiner have proposed that a blood sample for all military
members be maintained on file for DNA comparison.43 If immediate relatives
of the victim are available, the genetic makeup may be established without
an antemortem DNA record of the victim being on file.

Medical records, both inpatient and outpatient, with associated radio-
graphs also give the pathologist and anthropologist a wealth of antemortem
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information for postmortem comparison. Medical and dental records of
persons with prior federal service are retired to the National Records Repos-
itory in St Louis. A telephone point of contact for this agency is (314)
263-7261.

It is important to recognize that there are no acute emergencies in the
forensic sciences. Time is required and must be provided for quality work.
If postmortem material is available, one should make identifications in mul-
tiple modes for confirmation purposes. If the identification is questioned in
court, the availability of multiple modes of positive identification is beneficial,
especially if one mode is not admitted to the court. A case should be signed
out only after all sections in the Identification Center have completed their
efforts and the findings jointly evaluated. Discrepancies and conflicts are
easiest to resolve at this point. Each jurisdiction must establish the forensic
forms to be used in time of disaster. It is wise to make this selection in advance
and to store a supply of the required forms. At a minimum the following
forms are needed:

1. Anatomic pathology
2. Anthropology
3. Personal effects
4. Fingerprint/footprint
5. Antemortem/postmortem/summary dental
6. Identification/death certificate.

Completing these forms during training exercises prepares the staff for
their use when needed.

Forensic Identification Center Organization

Experiences with the Big Thompson Canyon Flood, the Pan Am/KLM Ten-
erife mishap, the Jonestown Guyana tragedy, the LOT Polish Airline acci-
dents, the terrorist explosions in Beirut, the Arrow Airways mishap in
Newfoundland, the Battleship Iowa explosion, and other disasters have
shown that a multidisciplinary disaster Identification Center (Figure 9.1)
with a forensic sciences processing line (Figure 9.2) is highly effective in the
identification of large numbers of human remains. Each section noted
(Figure 9.1) should have a team chief responsible to the Identification Center
team chief. The success of this organization is keyed to preplanning, coopera-
tion, and smooth communications between all sections. Daily staff meetings
are a necessity at two levels: between the center chief and the section chiefs,
and within the various forensic sections. In the early stages of operation,
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Figure 9.1

Figure 9.2
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multiple daily meetings are essential for problem identification and resolu-
tion. Data flow between all sections must be orderly to enable each section
to capitalize on what other sections have learned (Figure 9.3). For example,
time can be saved if the Forensic Dentistry Section knows that the Personal
Effects Section has found a name in an article of clothing or a military
identification tag on a particular body. Time can be saved for the FBI in
fingerprint data review if the dental section forwards to them the name
discovered on a dental appliance. The FBI is then able to do a direct com-
parison, saving countless hours in postmortem print classification. The
golden rule in the Identification Centers must be SUCCESS = TEAMWORK!

Positive identification should be pursued by all sections and the cases should
be signed out by the Identification Center chief after all sections have com-
pleted their investigation and a positive identification is confirmed in as many
modalities as is reasonably possible. Remember, most courts recognize only
three or four evidence modes for the identification of human remains. Sup-
press the urge to make positive identifications based upon personal effects
such as a “dog tag”, tattoo, or item of jewelry, or by association or exclusion.
View these latter factors as clues in the antemortem/postmortem comparison
process. In working jewelry clues, a jeweler on your staff can be most helpful
in working descriptions of high-cost postmortem jewelry evidence against
insurance policy descriptions. Remember to log and safeguard high-value
items recovered. One individual responsible for such tasks establishes
accountability. In all cases, rely on objective scientific evidence for positive
identification.44,45 The status of human remains may be thought of in three
categories: (1) positive identification, (2) findings consistent between ante-
mortem and postmortem records, and (3) unidentified.

Registrar, computer services, communication services, public affairs,
mortuary service, security, and support services are critical sections support-
ing the Identification Center chief and the various forensic science sections.
The source of information emanating from the Identification Center must
be either the Identification Center chief or the Public Affairs officer. A man-
power bank and storage/shipping section are also vital. In a large disaster,
the forensic processing line (Figure 9.2) is best implemented by placing each
set of human remains on a gurney cart. Each case is then moved from section
to section in the forensic processing line by a volunteer attendant from the
manpower section. The attendant should only move the body to the next section
and should not accompany the body through the entire processing line.

An Identification Center processing checklist (Figure 9.4) accompanies
each case, is carefully maintained, and is signed by each forensic section/sub-
section chief. This keeps the process orderly and aids in passing significant
data between the forensic sections in the processing line. The processing
begins with the In-Processing Section which maintains a log (Figure 9.5) on
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each case and is responsible for the whereabouts and storage of each case. It
is essential that this section catch any remains numbering problems generated
in the field and resolve them before the body begins its journey down the
processing line. The prenumbered log will also serve to catch any duplicate
case numbers received at the Identification Center from the disaster site. If
the bodies were recovered from an armed conflict, terrorist act, or a mishap
associated with hazardous materials, it is essential that the In-Processing
Section conduct a search for hazards. To locate explosives, the use of an E
Scan, explosive ordnance personnel, and chemical detectors may be indi-
cated. Remember that life support systems for military aircrew members may
contain explosive devices. Seek expert aid in this regard. The presence of a
bioenvironmental engineer on the staff can be highly valuable to the Identi-
fication Center chief, the On Site Command Post, the In-Processing Section
and all Radiology Sections.

Each section should be somewhat redundant in their professional pro-
cedures and record keeping to address mistakes as they occur, since people
working under Identification Center stresses may make more mistakes than
might normally be expected.

Figure 9.3
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General Medical Considerations

Jurisdiction in time of mass disaster is a pivotal issue. Jurisdiction can be
viewed as local, county, state, or federal, and can be exclusive or concurrent.
Most deaths of U.S. citizens overseas are in the jurisdiction of the State
Department, (202-647-1512), although some military-associated deaths may
be governed by Status of Forces Agreements. Agreements made in advance
between area agencies with overlapping concerns speed disaster response
operations and avoid or limit disputes during a crisis situation.

In mass disasters, the application of sound forensic science procedures
is essential. Sometimes, because of the magnitude of the mishap, there is the

Figure 9.4
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tendency among some nonforensic managers to shortcut established scien-
tific procedures. When possible, this should be avoided. Take the time to do
the proper procedure correctly from the outset. One never knows where a
mishap investigation will lead, such as in the case of the explosion aboard
the U.S.S. Iowa. Well-established forensic medical and dental procedures were
a key in the final resolution and drew praise because they were well indicated
and precisely accomplished. Positive identifications established duty stations
within the turret that day. Injury patterns reflected what each sailor was doing
at the time of the explosion. Type and severity of injury helped detail the
location and forces of the explosion.

The medical-legal autopsy is indicated in accidental, unexpected, or unat-
tended death. Homicide, suicide, and death in confinement are other reasons
for this procedure in most jurisdictions. The medical-legal autopsy is a special
procedure directed by legal authority normally within 24 hours of death
before the body is embalmed.

Identification of the deceased is a prime task in this autopsy procedure.
The reason for this postmortem examination is to determine cause, manner,
and mechanism of death. Particular attention is devoted to injury patterns,
time of death, scene evidence, and circumstances surrounding the death.
Time of death can usually be estimated by core body temperature change,
insect activity, or the onset of rigor. The autopsy report includes, in addition
to the above concerns, an extensive external description, comments regarding
evidence of health care, results of organ system examination, results of radio-
graphic, microscopic tissue, and toxicology studies in addition to a summary

Figure 9.5
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listing cause and manner of death. Manner of death may be listed as acci-
dental, homicide, suicide, natural, or undetermined. Perhaps more undeter-
mined deaths could be resolved with expanded toxicology studies. Basic
toxicology studies will screen for carbon monoxide, lactic acid, volatiles,
drugs, and chemicals.46 The following specimens are usually required: blood,
urine, vitreous humor, and major organ tissue samples. If the specimens
cannot be immediately delivered to the laboratory they may be preserved by
refrigeration or freezing, as indicated. The Armed Forces Institute of Pathology
Forensic Toxicology Laboratory is able to screen for over 35,000 substances.

Captain Glenn N. Wagner, MC, USN, a friend and well-respected forensic
and aerospace pathologist, has a series of Forensic Pathology Rules that apply
to disaster management:

1. Never assume anything.
2. You can never have too much evidence.
3. Don’t get caught with insufficient evidence if you can avoid it.
4. When in doubt: “Max Out”.

Aircraft accidents are the disaster with which we are most frequently
confronted. Principles of aerospace pathology are generally relevant to other
disaster situations. Investigation of aerospace accidents includes mishap
reconstruction to determine the cause, with the secondary aim of how to
prevent future accidents and make flying safer for everyone.47-49 Design of
aircraft, equipment, instruments, aircraft seats, interiors, materials, life sup-
port systems, restraint systems, and egress systems are impacted by these
investigations. Presently, aircraft mishaps are caused by a variety of factors.
The leading causes, approximately 70%, are human factors. This is followed
by mechanical and environmental factors in equal proportions. Human fac-
tors are obviously the major player and are hopefully of the greatest interest
to health care professionals. We have a great opportunity, as we investigate
these accidents, to benefit safety, survivability, and preventive medicine. In
the evaluation of human factors, three components are considered: physio-
logical, psychological, and pathological. Issues pursued in the physiological
component are hypoxia, hypoglycemia, dehydration, hypo/hyperthermia,
disorientation, and fatigue. Mental health, crew rest, and interviews with
family and friends are issues reviewed under the psychological component
for contributory input. The pathological component delves into preexisting
disease, the environment, and postcrash trauma. Development of new entry-
level medical standards for flyers, in addition to enhanced wellness and
physical fitness programs, have been offshoots of such data collection.

Injury patterns tell the story of the mishap.50,51 Thermal, blast, blunt
force, decelerative, impact, intrusive, or combined injuries afford evidence
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of the event. Injuries give insight to the g forces developed in the mishap:
vertebral injuries: 20 to 30 g, tears in the aorta: 50 g, transected aorta: 80 to
100 g, pelvic fractures: 100 to 200 g, and body fragmentation: 300+ g. Time
is a determining factor in the g forces the human body can survive. The body
may withstand a 40-g pulse over a very short period, but not survive a 10-g
load over a longer period. Another indicator of g forces involved may be the
aircraft itself. Some aircraft have g force indicators which may be recovered.
As a rule of thumb, if the aircraft is generally intact and recognizable, prob-
ably less than 20-g forces were involved. Air speed, angle of attack, impact
forces, dispersal patterns of the wreckage, occupiable space, restraint systems,
environment, energy absorption, and post-crash environment are reviewed.
The mishap report includes sections on survivability, injuries, preexisting
conditions, psychological factors, physiological factors, personal equipment,
and egress.

Examples of positive results from mishap reconstruction and injury anal-
ysis include a 20-g aircraft seat, improved restraint systems, crash-worthy
fuel tanks, flexible fuel lines with force limit disconnects, new cabin materials
that do not produce toxic fumes in fires, improved egress patterns, and
superior egress lighting systems. The collection of data over the life span of
an aircraft type clearly aids future technology.

It is valuable for all Identification Center professional personnel to
understand the “Big Picture” associated with mishap or disaster investigation
so that all may constructively contribute to the forensic process.

A last medical consideration is the safety and well-being of the Identifi-
cation Center staff. Occupational Safety and Health Administration (OSHA)
guidelines on radiology, hazardous materials, and bloodborne pathogens
apply to the Identification Center. Protective procedures and equipment are
essential. Disposal of contaminated waste is of concern. These factors are
critical in preplanning, training, and logistics.

Mental Health Considerations

Working to identify human remains is a difficult task which will be stressful
to the staff, both from a physical and a mental standpoint.52-56 Each individual
will react differently to stress. All are at risk — especially the young assistants
and technicians who have not been gradually exposed to trauma, gross anat-
omy, and death. The majority of health care providers have been afforded
time in professional schools to adapt to these issues. The forensic team
member is exposed to visual and olfactory distress and is forced to come face
to face with his or her own mortality. Each person’s background, experience,
and religious beliefs provide the mental tools for dealing with this stress. The
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positive knowledge that they are helping the deceased person and the
deceased person’s family to progress with life is paramount.

Stress is cumulative and is dose related. It is a product of work in the
Identification Center and at the disaster site. It is the summation of the work,
the sights, the sounds, the odors, the hours, and the environment combined
with the disruption of their normal way of life, their normal work patterns,
and family activities.

The Identification Center staff will develop adaptive mechanisms that
will allow them to cope, such as humor, escape mechanisms, altruism, perspec-
tive, and support modalities. One chief area of concern is the clear possibility
that some of the staff may develop maladaptive coping mechanisms such as the
“macho male routine”, denial, substance abuse, numbing, and impulsive
behavior. Consequently, you must actively look after the mental health status
of the Identification Center staff very carefully. This area was neglected in
several of the world’s largest disasters and staff members are still undergoing
professional care for posttraumatic stress disorder, adjustment problems,
substance abuse, and depression. Be careful not to repeat the mistake. Symp-
toms of problems might include flashbacks, dreams, insomnia, apathy, avoid-
ance, and dysphoria.

As you keep a watchful eye on the professional family within the Iden-
tification Center, you will note that the warning signs may either be quite
subtle or more easily recognized, such as hysterical crying. The withdrawal
mechanism is more common but more difficult to recognize. This may range
from gradual withdrawal to a blank, glazed expression. After Identification
Center activities are completed and the team has returned to their homes,
families, and normal day-to-day life, many things may linger — sadness,
recollections, dreams, lack of enthusiasm, chronic fatigue and the desire to
avoid deep feelings about anything. Recognizing these issues is the first step
to avoiding mental health problems. There are many things you can do to
help your staff cope:

• Use volunteers
• “In and Out” briefings on mental health … “what to expect” … “what’s

normal”
• Good training and exposure to problems in advance during exercises
• Know your staff well, know their normal behavior and note change
• Good work areas, good equipment, proper support
• Reasonable work hours — 12 hours maximum
• Rotation of staff between subsections when possible
• Don’t permit volunteers to push a case to all processing line stations
• Don’t identify with remains, concentrate on professional aspects
• Observe the staff carefully each day, especially at start and end
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• Encourage friendship, support, and quality teamwork
• Watch for substance abuse and excess alcohol use
• Good quarters and full hot meals
• Good work clothes and full, rapid laundry support
• Clean rest rooms, showers, and break room
• Good ventilation
• Unwind together at the end of the day
• Have dinner together
• Gain adequate sleep and rest
• Encourage chaplains to be in the work area
• Have mental health providers available but not in immediate work area
• Encourage humor
• Play reasonable music in the work area
• Keep perspective, keep in touch with family by phone
• Praise the staff and reward excellence
• Limit criticism, be constructive, keep such actions in private
• Recognize the humanitarian actions being accomplished.
• Care for each other
• Lead by example, be devoted to quality

Forensic Dentistry Considerations

A Forensic Dentistry Section should be an integral part of the organization
of the disaster Identification Center. The Forensic Dentistry Section
(Figure 9.6) should be divided into three subsections and should be headed
by a team chief responsible to the Identification Center chief. The role of the
chief of the Forensic Dentistry Section is that of manager, facilitator, coor-
dinator, and spokesperson for the section. Each subsection of the Forensic
Dentistry Section should have a person designated as being responsible for
the activities of that subsection.

The role of the postmortem dental examination and dental radiology
subsection is perhaps the most straightforward and uncomplicated of the
three subsections, and is the actual part of the dental section that is within
the forensic processing line. A forensic photographer should be available to
provide photographic support during the postmortem examinations. In a
large mass disaster where severe burning of the victims has occurred, the
postmortem dental examination team should be further divided into three
parts. As the remains are received in the dental section portion of the pro-
cessing line (see Figure 9.2), the first part of the dental team, made up of oral
surgeons, accomplishes the necessary facial dissection to allow the oral cavity
to be visualized and radiographed. In large mass disasters, the practice of
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removing the maxilla and mandible is not encouraged due to time, resource,
and legal considerations.

A facial dissection technique described in Appendix 9.1 provides access
for examination, radiology, and photography. Dissection is undertaken on
nonviewable remains. In general, dissection can be legally accomplished to
the degree necessary to identify the body, but should be undertaken in concert
with the guidance of the Identification Center chief. Facial dissection is
absolutely essential in severe burn cases. After the facial dissection has been
accomplished, the remains are moved to the next area within the postmortem
dental examination subsection for dental radiographs.

A full-mouth postmortem dental radiographic series is accomplished
utilizing a portable dental X-ray unit. A 50-kVP dental radiographic instru-
ment is quite adequate since normal exposure factors can generally be
reduced by one quarter to one half when working with severely burned
victims because of water loss from the body. Adequate shielding of the radi-
ology area is important as well as an X-ray dose film badge system for
monitoring personnel working in the dental radiology area. The use of auto-
matic dental X-ray film processors with daylight loading hoods is recom-
mended. This avoids the requirement for a darkroom. The film processor
should produce dry films ready for mounting. Only one case at a time should
be introduced into the film processor to avoid commingling of dental radio-
graphs. A dentist must review film quality and mounting at this point and retake
radiographs where indicated. Once the body departs the dental section, retakes
of radiographs become a significant problem. The use of dental radiology in

Figure 9.6
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forensic dentistry is an absolute necessity. Dental radiographs provide objec-
tive evidence that is essential within the scientific community and in court.
The comparison of antemortem and postmortem dental radiographs allows
for the positive identification of victims by radiographic visualization of the
anatomy of oral structures, existing restorations, materials, pathology, root
canal therapy, previous surgical procedures, fractures and prosthetic devices.
In those cases where a normal dentition exists and where no previous resto-
rations are present, the unique character of the individual’s dental apparatus
viewed radiographically will usually permit an identification to be made if
antemortem radiographs are available. Radiographs usually permit identifi-
cation of dental fragments containing as little as one tooth if a restoration
or unique anatomic characteristic is present.

Flat plate radiographs of the entire body, although expensive, provide
significant medical and anthropological evidence and are an excellent tool
for locating personal effects and dental fragments in commingled, charred
remains.57-59 Normally, the only bottlenecks in the forensic processing line
are in the dental radiology section or the medical radiology section.

Cataloging of personal effects is also time consuming, but does not
normally slow the processing line. With adequate staffing and proper equip-
ment these bottlenecks can be avoided. The well-planned forensic processing
line can complete 75 to 100 cases per day. After a full-mouth postmortem
dental radiographic series has been taken, the case is then moved on for a
dental examination.

After a thorough cleaning of dental structures with a dilute bleach solu-
tion, a team of three dentists, or two dentists and a dental hygienist or
assistant, charts all dental evidence on a postmortem dental record form
(Figure 9.7). The entire dental team must agree to be consistent in the chart-
ing methods. Dental charting methodology is presented in Appendix 9.3. You
may use any good charting system, but you must be consistent in its use in
the Identification Center. Examples of the selected charting format should
be provided for reference to all team members. The universal numbering
system is preferred because it is simple in nature and is easily computerized.
The use of a fiber-optic light is invaluable in the examination process. The
examiner begins by evaluating tooth #1 and associated radiographs. The
second dentist on the examination team evaluates tooth #1 and confirms the
findings of the first dentist. The recorder charts the finding of tooth #1 and
all three team members confirm the charting. Tooth #2 is examined and the
process repeated until all 32 teeth have been charted. The approach is redun-
dant, but errors are corrected as they are made. Charting should be done in
pen, not pencil. Errors should be corrected in a legally acceptable fashion.
Sometimes it is effective to begin a new form in order to present an error-free
form in court. Findings to be recorded during the postmortem examination
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are dental restorations, missing teeth, prosthetic appliances, pathology,
unique anatomy, age estimate, and references to possible gender and/or racial
group. Teeth missing due to the trauma of the mishap should be specifically

Figure 9.7
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noted to avoid confusion over extracted or congenitally missing teeth. A
prosthodontist should be available to examine and describe dental prosthetic
appliances.60,61 In some cases, the appliance may have been specifically
marked for identification. It is wise to solicit, from the victim’s dentist or
family, study models or extra prosthetic appliances which may be available.
Such evidence is important in providing antemortem data regarding ridge
shape/size, rugae patterns, and general oral anatomy. Techniques used in the
post-mortem examination and the Dental Radiology Section have been exten-
sively described in the literature.62-68 The team should be watchful for identifi-
cation microdots placed on teeth, especially in children and young adults.69

Another major subsection in the forensic dentistry area is the antemor-
tem dental record subsection. Dentists, hygienists, skilled dental assistants,
and dental investigators can effectively operate this subsection.70 The task of
personnel in this section will always be the most difficult in the entire forensic
dentistry arena since they will be required to determine who was involved in
the disaster, locate and procure antemortem records and radiographs,
arrange for the delivery of these materials, and undertake the process of
developing a composite antemortem record for each victim from the evidence
supplied. The quality, quantity, and variety of dental record documentation
of this antemortem evidence present the major obstacles to this section.

It is clearly necessary to reduce all antemortem dental evidence to a single
antemortem dental record form (Figure 9.8) in order to provide a composite
antemortem picture. The latter may easily be compared to the postmortem
findings recorded on a postmortem dental record of similar format. It is
almost an impossible task to compare dental records sent directly from dental
offices with the postmortem dental record. At least two members of the
antemortem dental record staff should review each composite antemortem
dental record as a quality control mechanism. The completed antemortem
composite form should also be quality checked against antemortem dental
radiographs. It is important to note the time elapsed between the time when
the antemortem evidence was established and the time of the disaster. The
potential of multiple providers in that elapsed time must be considered. You
may not have all existing antemortem records. This may lead to discrepancies
in the antemortem record and postmortem record comparison.

Photographs of possible fatalities are often received by this subsection.
They may be of value in demonstrating malocclusions and other facial and
dental anatomy. The anthropologist and forensic artist will also find these
photographs of value. Remember to share this evidence. Carefully mark the
reverse of these photographs with the name and address of the provider.
More likely than not, this photograph will be the last or best of the victim.
When possible, demonstrate compassion for the family of the victim by
returning the photograph to them.
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The postmortem dental records/computer and comparison subsection is
the third part of the Forensic Dentistry Section. Postmortem dental records
and completed antemortem composite dental records are forwarded to this
section. The task of this section is to compare all postmortem examination
and radiographic findings with the completed composite antemortem dental
records and radiographs. This section must also keep abreast of the findings of
all forensic sections within the Identification Center and apply their findings in

Figure 9.8
©1997 CRC Press LLC



  
the dental comparison process. Normally, all the postmortem dental exam-
ination and radiographic work will be completed before even half of the
antemortem composite dental records are available for comparison. The
dental comparisons can be accomplished with the assistance of a computer
or can be managed in a manual fashion. Experience has shown that a com-
bination of both techniques is realistic.

If the subsection operates without a computer, the size of the section is
dependent on the number of fatalities, since there is a requirement to place
all postmortem dental records face-up on tables in numerical order for a
comparison with the antemortem composite dental records. After all post-
mortem dental records have been placed on tables as described, the staff can
systematically compare the antemortem dental composite records as they are
received with the postmortem dental records placed on the table. This is done
by hand, carrying the composite antemortem record and walking alongside
the tables viewing the postmortem dental records looking for a significant
point of comparison, such as a crown on a tooth #30. Once significant points
of comparison are noted between the antemortem and postmortem dental
record forms, the radiographs of the respective records can be reviewed and
a possible identification established. Time is a major consideration. If you
have 900 postmortem records and take 2 minutes to compare one antemor-
tem record to each postmortem record, it will take you 30 hours to complete
the process. Similarly, a 15 seconds look at each record will take 4 hours. In
this manual mode, if it is possible to determine the gender of the disaster
victims, it is possible to reduce the manual comparison task by placing the
postmortem records in numerical order on tables by gender. Postmortem
records of children may also be individually managed.

To provide quality control, the chief of the Forensic Dentistry Section
should be provided the antemortem and postmortem dental records of
potential positive identifications established by the staff. He or she must
reconstruct the positive dental identification. A dental identification form
which summarizes the identification data can be completed at this time.
Several varieties of these forms are available (Figures 9.9 and 9.10). This form
is a tool in the decision-making and documentation process. It is used to
provide rapid answers to questions when the chief of the Forensic Dentistry
Section meets with the Identification Center chief, at which time evidence
regarding each case is presented. Only after all sections have presented their
evidence and all inconsistencies have been explained or addressed should the
Identification Center chief sign the case out as a positive identification. As
indicated previously, it is advantageous to identify human remains in more
than one specialty area in order to be adequately prepared should a court
rule one form of evidence as inadmissible based on a legal or professional
technicality.
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After the case has been signed out as a positive identification, the ante-
mortem and postmortem dental records and associated evidence should be
combined with the summary sheet into a single completed file. The ante-
mortem composite dental record should be placed in the completed file only
if the full dentition was present with the remains or if all dental/oral frag-
ments have been recovered. If this is not the case and an additional oral
fragment is recovered, the postmortem fragment may go unidentified since
the necessary antemortem dental record was placed in the completed file.

Figure 9.9
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This mistake is made in almost every disaster. Please avoid it! In this consol-
idation process, the antemortem and postmortem dental radiographs that
provided the conclusive evidence of the positive dental identification should
be photographed. These photographs or slides are indispensable for record-
keeping purposes and provide a superior method of displaying the evidence
in court.

If the computer is to be utilized in the comparison process, the postmor-
tem dental records/computer comparison subsection can be smaller in size
than in the manual operation mode. Also, the dental records can be main-
tained in a file cabinet under the control of the dental section registrar.
Computers reduce staffing requirements, costs, and save time. They increase
the effectiveness and accuracy of the staff. They enhance fragment processing
and provide useful management information.

Figure 9.10
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The computer is properly utilized in the Forensic Dentistry Section to
eliminate the tedious and time-consuming manual sorting of dental records
by the professional staff. It is a method of bringing together the antemortem
and postmortem dental records that have the greatest probability of containing
a positive dental identification.71-75 It is the forensic dentistry staff who, after
comparing the records and the radiographic evidence, makes the positive dental
identification using their professional expertise. Computers have been uti-
lized most successfully in a number of mass disasters. When utilizing the
computer in the Forensic Dentistry Section it is necessary to create antemor-
tem and postmortem record files within the computer memory. The com-
puter is programmed to provide a product that allows for the reduction of
manual sorting of data and increases the efficiency and the accuracy of the
staff. The computer products provide a list of antemortem and postmortem
records for comparison based upon probability. Instead of walking around
tables, the professional staff can be seated at tables with dental radiographic
view boxes. A clerical crew utilizing the computer products, provides the staff
with records and radiographs to compare. The computer can also be pro-
grammed to make specific inquiries into either the antemortem or postmor-
tem dental record files. It can also be programmed to retain significant
forensic data such as physical descriptions and background information.
Computer technology combined with dental radiology provides the forensic
odontologist a means for dealing with dental fragments as easily as the full
dentition. Time is required to code the dental findings from the antemortem
and postmortem records in most computer systems. Consequently, the com-
puter approach is most effective when 100 or more fatalities or fragments
are involved. The exception to this is the Northwestern University/Desk Top
Solutions system which loads a database while providing an odontogram as
the antemortem and postmortem record.

A Computer-Assisted Postmortem Identification System (CAPMI)
designed by Colonel Lewis Lorton and Mr. William H. Langley, represents
the latest development of an identification system utilizing today’s technol-
ogy.76 The system provides efficient management of the antemortem and
postmortem dental and physical data and rapid sorting of this data. It permits
the professional staff to concentrate on comparing statistically significant and
related antemortem and postmortem records. The purpose of the system is
to increase the efficiency of the investigators by culling out the least likely
identities and presenting the investigators with a list of the most probable
matches. The system will reduce Identification Center costs by reducing the
number of forensic dental staff needed and by optimizing their time. The
system will compensate for changes in the database caused by unrecorded
dental work and will facilitate fragment identification. Due to its inherent
high selectivity, it can also overcome many human errors in the database.
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The CAPMI system has been successfully tested and employed in several
aircraft mishaps including the Arrow Airways tragedy in Newfoundland. This
computer program is compatible with most computer systems and is avail-
able to public nonprofit organizations. The CAPMI system, combined with
a proposed computerized military dental record and digitally stored dental
radiographs could represent a major worldwide milestone in the postmortem
identification process. The use of teleradiography and digital data transmis-
sion could speed the flow of critical identification information to the Iden-
tification Center.77,78 This would clearly streamline the process whether one
is attempting to identify a single body in a mortuary or thousands of battle-
field remains at a central identification laboratory. It will also create a signif-
icant dental database in the U.S. of well over several million computerized
dental records. The CAPMI system, Northwestern University system, and the
Mertz and Purtilo System are examples of available computer programs in
forensic dentistry.

Anthropology Considerations

Forensic physical anthropology is of sterling assistance to the identification
process. The ability to accurately work the issues of race, gender, and age are
essential.79-86 The Identification Center should have reference skeletons of
each major racial group that also demonstrate gender indicators. The ability
to provide good physical descriptions of disaster victims is vital to managing
a disaster where a large unknown population may be involved, such as in the
Big Thompson Canyon Flood.87 In that case, over 500 persons were listed as
missing and a little over 100 bodies recovered. Those individuals filing miss-
ing person’s reports, more times than not, failed to notify authorities when
the missing person was located alive and well. Consequently, the Identifica-
tion Center continued to deal with a large population group. Antemortem
and postmortem physical descriptions were compared using computer files.
Antemortem records and radiographs were requested only when the post-
mortem physical description comparison merited.

Anthropologists are quite knowledgeable in dentistry. Both professions
are expert in postmortem age estimates. A study of cranial sutures, ossifica-
tion centers, epiphyseal union, dental eruption patterns, dental histology,
periodontal status, dental wear patterns, pubic symphysis, and osteon aging
give a meaningful estimate of age. Gender is suggested by a study of the pelvis
noting the morphology of the pubis and ischium, sciatic notch, and sacrum.
Metric analysis of the pelvis also adds insight. The skull also offers suggestions
of gender. The superior orbital margins, mastoid process, temporal and
nuchal lines, mental protuberance of mandible and gonial angle are indicators.
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Discriminant function analysis of the skull is also utilized to determine
sex as well as race. Other indicators of race include craniofacial morphology
and unique dental features. Several statistical methodologies are available for
stature determination. Cultural effects are sometimes noted on the skull,
femur, tibia, and teeth. Cranial defects, squatting facets, dental restorations,
filing of teeth, and oral habits such as pipe chewing and hairpin opening
wear are sometimes seen. Antemortem radiographs provide the anthropol-
ogist with a multitude of unique and individual features for comparison.
Facial reconstruction may be of value in unidentified cases.88 This process
can be done by the forensic artist or the anthropologist with facial sculptur-
ing. Photographic/radiographic superimposition may be another useful tech-
nique. Fragments are always a problem in mass disasters. The anthropologist
can be the facilitator in resolution of this problem. Serology, DNA studies,
and autoantibodies are laboratory capabilities in this regard. The significant
insights of the anthropologist must be integrated with those of the medical
and dental sections of the Identification Center team.

SUCCESS = TEAMWORK!

Planning Considerations

In writing plans for a Forensic Dentistry Section, it is helpful to first define
a concept of operation and then to develop individual annexes regarding
personnel, equipment, supplies, and facilities. These latter sections of the
plan can be subdivided based on the proposed size of an operation. For
example, the plan might include an annex for personnel, equipment, sup-
plies, and facilities for dealing with up to 50 fatalities, 50 to 150 fatalities,
150 to 300 fatalities, and 300 or more fatalities. A general listing of dental
equipment and supplies is provided (Figure 9.11) to stimulate planning.
Appendix 9.2 offers a quantified listing of supply, equipment, and facility
start-up requirements for an Identification Center of various sizes. A good
plan and knowledge of a place where supplies and equipment can be rapidly
procured can make a forensic dentistry team very responsive without a sig-
nificant initial financial outlay. Facility requirement preplanning is essential.
The size and composition of the forensic dentistry team is driven by the
concept of operations and the magnitude of a disaster. If a concept of oper-
ations can be established, a core of team members can be trained and utilized
to staff key positions. This core of personnel can then be augmented to
address the size of a particular disaster (Figure 9.12).
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Training Considerations

Training and exercises make a polished team with high potential for successful
outcomes in time of need. The Armed Forces Institute of Pathology (AFIP)
offers an annual course in forensic dentistry that is open to all. It includes a
wide range of forensic topics including mass disaster management. “Hands
On” laboratories in dental identification radiology and a mock aircraft mishap
are an integral part of the course. Follow-on courses in forensic pathology,
oral pathology, aerospace pathology, and advanced forensic pathology are
offered by the AFIP and the FBI Academy. Numerous courses are available
in the civilian sector. Continuing education in this area is available through
the American Society of Forensic Odontology, the American Academy of
Forensic Sciences, and many colleges and universities. Disaster planning

Figure 9.11
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booklets are normally available from some of these organizations.89,90 Board
certification in forensic dentistry is gained through the American Board of
Forensic Odontology under the sponsorship of the Forensic Sciences Foun-
dation. The role of forensic dentistry in mass disasters has been explored by
the American Dental Association.91 Increased emphasis by dental schools and
support by the American Dental Association of forensic dentistry greatly
benefit the forensic science community and help keep dentistry a great
national asset.92,93

Conclusion

It is only a matter of when and where the next mass disaster will occur.
Hopefully, this chapter will help make you ready to meet the needs of your
community and exceed the expectations of your colleagues.
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APPENDIX 9.1: Facial Dissection

Perioral facial incision.

Tissue flap removed showing exposed ramus and alveolar complex.
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Horizontal ramus bony cut and submental-mylohyoid incision.

Separate ramus and incise Pterygoid musculature.
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APPENDIX 9.2: Equipment, Supplies, and Facilities

Equipment

Up to 50 Casualties

Item Quantity

50 kVP Endo X-ray unit, portable, self-contained 1
Portable lead screens 4
X-ray badges 9
X-ray film processor, with daylight loader 1
Fiber-optic light 1
Stryker saw (autopsy) 1
Headlamps 2
X-ray view boxes 3
Slide duplicator 1
Extension cords, 50 ft 3
CAPMI computer 1
35-mm camera 1
Polaroid camera 1
Security badges 15
File cabinets, 4-drawer 1

50 to 150 Casualties

Item Quantity

50 kVP Endo X-ray units, portable 2
X-ray badges 20
Portable lead screens 8
X-ray film processor, with daylight loader 1
Fiber-optic lights 2
Stryker saw (autopsy) 2
Headlamps 4
X-ray view boxes 6
Slide duplicator 1
Extension cords, 50 ft 5
Microcomputer 1
CAPMI computer 1
35-mm camera 1
Polaroid camera 1
Security badges 25
File cabinets, 4-drawer 1

>150 Casualties

Item Quantity

50 kVP Endo X-ray units, portable 2
Portable lead screens 8
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X-ray badges 20
X-ray film processor, with daylight loader 2
Fiber-optic lights 3
Stryker saw (autopsy) 3
Headlamps 8
X-ray view boxes 10
Slide duplicator 1
Extension cords, 50 ft 6
Microcomputer 1
CAPMI computer 1
35-mm camera 2
Polaroid camera 1
Security badges 35
File cabinets, 4-drawer 2

Supplies — Forensic Dentistry Kit

Up to 50 Casualties

Item Quantity

35-mm Film, 36 exp 10 rolls
Paper pads 10
Identification forms:

Postmortem 100
Antemortem 100
Abstract 100
Computer 10

Tags with string or wire 125
Manila envelopes for case records 100
Masking tape 2 rolls
Stapler with staples 2
Felt tip pens (black ink) 12
Large felt tip markers 12
Plastic denture bags 1 box large, 1 box small
Pencils 2 boxes
Clip boards 10
Paper cups 1 box
Work gloves, leather 4 pairs
Scrub suits 20 pairs
Surgical gowns (disposable) 30
Surgical gloves, size 7 1/2 and 8 3 boxes of each
Surgical masks 1 box
Dental X-ray film, periapical 10 boxes
Chemicals for film processing As required
Polaroid film 5 rolls
Magnifying glass 1
Loupes 2
Clorox 1 gallon
Safety glasses 5 pairs
Fiber-optic light 1
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Flashlights 6
Hand saw 1
Straight and curved retractors 1 set
Scalpel handles 4
Scalpel blades (#10, #15, #20) 1 box of each
Large scissors 2
Small scissors 2
Large hemostats 4
Mouth props (large, small) 1 of each
Tongue blades 1 box
Cotton applicators 1 box
Mouth mirrors (front surface) 12
Explorers 12
Periodontal scalers 3
Cutting pliers 1
Straight pliers 1
Straight chisel, single-level 1
Mallet 1
Millimeter rule 3
Spatula, #7 wax 1
Disclosing solution 1
Hydrogen peroxide solution, 1/2 gallon 1
4 × 4 Sponges 10 packages
Toothbrushes 20
Computer terminal paper 1 box
Ribbon for terminal printer 1 roll
Occlusal X-ray film 1 box
Soap (Phisohex) 6 bottles
Towels 10
Scrub brushes 5
Rubber aprons 10
Trash can liners 1 box

50 to 150 Casualties

Item Quantity

35-mm Film, 36 exp 20 rolls
Paper pads 10
Identification forms:

Post-mortem 300
Ante-mortem 300
Abstract 300
Computer 300

Tags with string or wire 250
Manila envelopes for case records 300
Masking tape 4 rolls
Stapler with staples 3
Felt tip pens (black ink) 24
Large felt tip markers 12
Plastic denture bags 2 boxes large, 1 box small
Pencils 2 boxes
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Clip boards 20
Paper cups 2 boxes
Work gloves, leather 6 pairs
Scrub suits 30 pairs
Surgical gowns (disposable) 50
Surgical gloves, size 7 1/2 and 8 5 boxes of each
Surgical masks 2 boxes
Dental X-ray film, periapical 20 boxes
Chemicals for film processing As required
Polaroid film 10 boxes
Magnifying glasses 2
Loupes 2
Clorox, gallon 2
Safety glasses 10 pairs
Flashlights 6
Hand saws 2
Straight and curved retractors 2 sets
Scalpel handles 8
Scalpel blades (#10, #15, #20) 2 boxes of each
Large scissors 4
Small scissors 4
Large hemostats 6
Mouth props (large, small) 2 of each
Tongue blades 2 boxes
Cotton applicators 2 boxes
Mouth mirrors (front surface) 24
Explorers 24
Periodontal scalers 6
Cutting pliers 2
Straight pliers 2
Straight chisels, single-level 2
Mallet 2
Millimeter rule 4
Spatula, #7 wax 6
Disclosing solution 1
Hydrogen peroxide solution, gallon 1
4 × 4 Sponges 20 packages
Toothbrushes 20
Computer terminal paper 1 box
Ribbon for terminal printer 1 roll
Occlusal X-ray film 1 box
Soap (Phisohex) 12 bottles
Towels 20
Scrub brushes 12
Rubber aprons 15
Trash can liners 1 box

>150 Casualties

Item Quantity

35-mm Film/atch, 36 exp 20 rolls
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Paper pads 10
Identification forms:

Post-mortem 500
Ante-mortem 500
Abstract 500
Computer 500

Tags with string or wire 500
Manila envelopes for case records 500
Masking tape 4 rolls
Stapler with staples 4
Felt tip pens (black ink) 36
Large felt tip markers 12
Plastic denture bags 2 boxes small, 3 boxes large
Pencils 2 boxes
Clip boards 20
Paper cups 2 boxes
Work gloves, leather 8 pairs
Scrub suits 30 pairs
Surgical gowns (disposable) 50
Surgical gloves, size 7 1/2 and 8 6 boxes of each
Surgical masks 3 boxes
Dental X-ray film, periapical 20 boxes
Chemicals for film processing As required
Magnifying glasses 2
Loupes 2
Clorox, gallon 3
Safety glasses 10 pairs
Flashlights 6
Hand saws 3
Straight and curved retractors 3 sets
Scalpel handles 8
Scalpel blades (#10, #15, #20) 3 boxes of each
Large scissors 6
Small scissors 6
Large hemostats 9
Mouth props (large, small) 3 of each
Tongue blades 3 boxes
Cotton applicators 3 boxes
Mouth mirrors (front surface) 36
Explorers 36
Periodontal scalers 6
Cutting pliers 3
Straight pliers 3
Straight chisels, single-level 3
Mallet 3
Millimeter rule 4
Spatula, #7 wax 6
Disclosing solution 1
Hydrogen peroxide solution, gallon 1
4 × 4 Sponges 40 packages
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Toothbrushes 20
Occlusal X-ray film 1 box
Soap (Phisohex) 12 bottles
Towels 40
Scrub brushes 24
Rubber aprons 25
Trash can liners 1 box
Polaroid film 20 boxes

Facilities

Up to 50 Casualties

Access to:

Xerox machine
Watts telephone line — 1
Tables or gurney carts
Refrigeration
Office facilities:

Room for antemortem records
Room for postmortem records
Post-mortem exam area
Computer room

50 to 150 Casualties

Access to:

Xerox machine
WATS telephone lines — 2
Tables or gurney carts
Refrigeration
Office facilities:

Room for ante-mortem records
Room for post-mortem records
Post-mortem exam area
Computer room

>150 Casualties

Access to:

Xerox machine
Watts telephone lines — 3
Tables or gurney carts
Refrigeration
Office facilities:

Room for ante-mortem records
Room for post-mortem records
Post-mortem exam area
Computer room
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APPENDIX 9.3: Charting Format
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10Mass Disaster 
Experiences

PAUL G. STIMSON
CURTIS A. MERTZ

In this chapter, the authors will share their experiences in mass disasters and
the evaluations of many aircraft disaster reports. We hope in this manner to
be of help in this most difficult of situations. This book already has an
excellent chapter on the organization of the disaster team (see Chapter 9).
This chapter is to offer help in those areas not covered in the disaster team
organizational material.

A great deal of time and effort is needed to develop a procedure manual
unique to each town, city, location, or state. This manual will list all the
names, telephone numbers, addresses, and social security numbers (for iden-
tification and pay purposes) of the key individuals who will be called in for
duty in the emergency. Each individual may also be given their own unique
identification number that will be compared with a master list to prevent
unauthorized individuals from entering the scene or the morgue. Each key
person should have a copy of this list and it should be updated as necessary.
How each of the trained individuals is going to cover his or her individual
business or practice and for how long should be considered. If the operation
is going to take three weeks to completion, can the chief forensic dentist take
that much time from his or her office? Methods to maintain their regular
position or maintain their practice must be covered during their emergency
leave period.

One agreement that must be listed in the operations manual, more than
once, is the requirement of absolute confidentiality. No information is to be
given or shared with anyone except the immediate supervisor of the section.
Nothing is to be shared or talked about concerning the operation with anyone
outside their section. This should be covered in a paragraph in the initial
paperwork required to be a member of the team. Violations of this agreement
should lead to immediate dismissal of the individual, no matter their posi-
tion, to prevent sabotage of the entire operation.

Each member of the team will be subject to many kinds of pressure, both
political and nonpolitical and from the news media. The chain of command
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must be established in every accident scenario. This individual must have the
authority to hire and set realistic rates of pay and delegate the necessary
procedures. As far as possible, every segment of the mass accident should be
preplanned. Each plan will be changed due to unforseen situations, but
without a plan chaos exists. This is especially important when trying to
estimate the numbers of forensic pathologists, anthropologists, and dentists
who are trained and available. Multiple listings are necessary since some may
not be available at the time of the accident, or probably cannot spend much
time on the scene or in the morgue. The hourly pay rates should be agreed
on prior to any disaster, so each individual can be paid according to experi-
ence and training.

Without fully discussed plans and agreements and mock testing, misun-
derstandings will occur and the problems will compound very quickly. When
working with inexperienced or poorly trained people mistakes will occur.
Untrained and well-intentioned people do their utmost, but due to the stress
of the situation they often cause an increase in time and costs. Unfortunately,
they also cause some unintentional poor publicity for the entire team. At
least twice a year the key people in the plan should meet and discuss any new
ideas or changes to the plan. Mock exercises should be planned and scheduled
regularly. This should be a part of the coroner’s or medical examiner’s object
for training.

At the time of a mass disaster, the secretarial staff of the office should be
instructed to screen every telephone call directed to the coroner, medical
examiner, or individual in charge, to prevent wasting their valuable time and
talents. The instructions for this screening should be part of the overall plan.
A period of time for each of the screeners should be set aside for them to
explain the nature of the call, and after receiving an answer, they usually can
return the call. This allows the in-charge individual to stay off the phone,
unless absolutely necessary. Lists of necessary contact individuals who can
talk to the individual in charge should be provided. Every call should be
handled in a courteous, concerned manner. This may be difficult for a tired
individual under considerable stress and duress. Extra rest time should be
provided to the initial phone contact individuals. People will use false names
and other mechanisms to get early “scoops” on accident information. Know
who you are talking with, and be prepared to refer them to someone higher
in the command chain for information release. Depending on the resources
of your state, the governor can declare the scene a disaster area. After this
occurs, the office of the governor can contact the president of the United
States requesting assistance. The president can then authorize the Federal
Emergency Management Association (FEMA) to take over the disaster situ-
ation. Once this occurs the operation is under the FEMA team and local and
other state individuals are used as the FEMA team leader sees fit. The other
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aspects of the resources of the federal government can be used by the FEMA
team as necessary. The FEMA plan, once authorized, supersedes the state,
regional, or local plans when implemented.

Some thought must be given to the identification badges to be worn on
site each day. A plan must exist to change them daily to preserve the confi-
dentiality of the operation. Each section should have proper identification;
for example, search, rescue, and body recovery teams. There is no reason for
them to be in the morgue situation and their identification badge would
prevent them from passing into this area. The morgue area is congested
enough without other team members being on the scene. The records and
personal effects areas are very critical and the identification process must be
secure.

Trained local people should negotiate convenient motel and hotel reser-
vations with preagreed rates, to house out-of-town specialists. Rooms are
going to be at a premium when there is a big influx of reporters to the scene.
Arrangements must be made in advance to insure adequate housing of the
members of the team. Arrangements should be made with restaurants for
private dining for the team members to prevent the news media from both-
ering them with questions during their meal periods. The plan should include
having a uniformed officer along with the other members of the team when
having their meal, to persuade the intruder that this is neither the time nor
place for an interview.

The individual in charge of the overall planning for a mass disaster should
have an accountant (a Certified Public Accountant is preferred) as a member
of the administrative team. One reason the military does very well in a disaster
scenario is that everything used, ordered, brought to the scene, etc. is cata-
loged and recorded. After the completion of the disaster scene, the materials
and expenses can be accounted for almost to the penny. The names, rank,
and pay rate of every individual can also be easily substantiated. During a
victim recovery and identification process any other agency will have the
same responsibility. The total recovery will cost many thousands of dollars,
and no insurance carrier or other company which may be partially or fully
responsible is willing to recompense without substantiated records for the
expenses and monies that were spent.

A forensic anthropologist and/or a forensic archeologist should also be
on the team. They are most valuable initially to help grid the accident area
with reference stakes and points for the proper recovery of aircraft and human
parts. The staked grids are invaluable in the recovery and identification of
the aircraft, truck, or train parts. They are also valuable in the location of
the passengers, crew, or other unfortunate bystanders in the accident. The
professionals now use a theodolite laser plotting technique for gridding and
recovery of the impact or accident area.
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These suggestions are not presented in any particular order; so many
things are going on simultaneously at the scene and at the local medical
examiner’s office or the office of the coroner that these are planning sugges-
tions only. Arrangements should be made with the administrator of each
hospital in the area to know how many emergency room patients they are
capable of handling. It is also imperative that the hospitals develop major
accident policies which define who is to be in charge of the admission of
patients in a given emergency and who is authorized to accept or reject
patients. At the scene, as each ambulance or other means of conveyance to
the emergency rooms is filled, the unit number or license plate should be
recorded. The name (if known) or grid number of the recovery area should
also be recorded. The body recovery vehicles and their contents must be
similarly recorded. The on-site supervisor in charge of triage and the dispatch
of injured individuals should have some type of communication with the
hospitals. In this way no single hospital will be overloaded with patients and
to turn them away due to lack of space. A recovery manual for both injured
and dead should be a part of the procedures found in the Mass Accident
Manual for each county, city, or region. Exercises should be staged to test the
various scenarios portrayed in the manual. Up-to-date notes should be kept
of each exercise and the manual revised as necessary.

The massive accident may be in a location where there is extreme diffi-
culty getting the emergency vehicles close enough for utilization. Each disas-
ter plan should include how problems in topography, lake size, oceans, or
whatever the obstacle, is to be solved. The well-trained emergency crews need
to be on the scene as rapidly as possible. Severe trauma, unless rapidly treated,
will cause undue pain and suffering. The maximal survival of victims is
highest within the first 24 to 36 hours after the accident, depending on their
treatment. Survival will be less in extremes of temperatures. The plan for any
given area should be that the search teams will try to find most of the living
victims on the first search attempt. Depending on the type of accident that
has occurred, other living victims are rarely discovered on later searches. Live
victims are possible, as the individuals may have been unconscious during
the first search. After at least two searches of the scene, the recovery then
should switch to that of body recovery. Usually this is a difficult transition
for the search members as they are extremely motivated for live victim
recovery. Is there enough first aid and other equipment on hand in the
locality for the victims at the scene? Where will we get it? When these mate-
rials are “borrowed” from hospital supply businesses in the area or hospital
emergency rooms, receipts must be signed. The plan should authorize who
is to request and sign for this material to prevent unnecessary duplication
and theft of materials. Even in a time of local crisis, there are those who
would try to turn the situation into a profit.
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The mass disaster plan should give details of who is the ultimate authority
in the location of the disaster and the proposed chain of command. It can
be a medical examiner’s office or a coroner. In states with a state medical
examiner, the plan is split into regions. Many states have a coroner system
that is either an elected or appointed office. Some states require that the
coroner be a physician, but in most states the individuals can have almost
any type of background. Because of the political nature of the coroner’s office
and the frequent changes that ensue, there may not be anyone in the office
that has the skills, training, or experience to help if this is the office’s first
disaster. The office should have a well-designed disaster plan. The plan should
have a training program and the possibility for “mock disaster” drills in it,
so logistical problems that will be encountered can be solved. One problem
in politically appointed situations, such as coroners’ offices, is that the plan
may be out of date or there is no one who has had first-hand experience with it.

The manual must list requirements for the necessary materials for mass
disasters covered in Chapter 9. We suggest carefully going over this listing
and finding a source for the materials and a place to store the necessary
supplies. Lists should also be prepared summarizing what each team member
is required to bring with them for their needs. This may include warm
clothing, raincoats, rainproof footwear, and a spare flashlight. Roster sheets,
time cards, shorthand pads, and dual receipt books (without carbon paper)
are necessary. The usual office supplies must be available. Find a source for
the usual office machines (typewriters, copy machines, adding machines and
computers and a stand-alone fax machine) and keep the contact telephone
numbers and individuals supplying them up to date. The reason for a stand-
alone fax machine is this frees up one telephone line for incoming written
and printed material. Preliminary dental records can be obtained in this way;
tattoo descriptions and many other types of records can be obtained while
waiting for the original or better copies to arrive. It is imperative that the
individuals in charge of the operation are furnished a private unlisted tele-
phone line. Using this line, the charge individual can then communicate with
federal and state agencies, the state governor, or perhaps the president of the
United States. Who the unlisted line is shared with and the security of this
line should be carefully thought out and written in the communications
section of the manual. Cellular telephone use should be kept to a minimum
as these communications can be easily monitored and copied. Two-way radio
communications are afflicted with the same problem — unauthorized mon-
itoring. Communication with the outside world is critical. These lines are
for the business of saving lives, clearing the scene, and recovery and identi-
fication of the deceased. If public phones are furnished for use by the news
media, they must be in a location away from the principal work area. It may
seem that this is “overkill” on our part, but the entire operation for identification
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rests on the trust between the family unit and the individual in charge of the
operation. Thoughts about death and dying are gruesome enough, but when
it is a loved one the entire picture for the family changes.

One or two scheduled news briefings should be given daily by a selected
spokesperson. Only the spokesperson is to talk with the news media. This
policy prevents news leaks and the possibility that some identifications may
be given that later prove to have been provisional or unconfirmed. Families
take a dim view of being told that there was a mistake made and it is not
their loved one that has been identified. An agreement must be made with
the local or regional telephone system to insure that the lines to the head-
quarters area are private and are monitored for intrusions. Discuss with the
phone company methods for changing the telephone numbers if intrusions
are detected. If the story is big enough for world news coverage there will be
intrusions into the communications net to obtain information for the news
media. This is not to imply the news services will do this, but for a price
there are unscrupulous individuals who try to monitor fast-breaking news.
Suffice to say that the phone lines are critical and need security and protec-
tion, and the manual should request as many phone lines as the planners
think are sufficient and then add another four or five private lines. Recall the
O. J. Simpson trial and the news media coverage. This is a necessary service,
but the needs of the search, rescue, and identification operation are more
critical than sharing every detail of it with the world as the operation unfolds.

When planning the manual, due consideration must be given for the
location of a temporary morgue. The local high school gymnasium should
not be considered; unless the floor is completely covered with material imper-
vious to liquids, the floor will be ruined. How much will it cost to replace
this beautiful hardwood floor? When the floor is covered, the portable gur-
neys cannot roll around as the material or plastic will bunch up and jam the
wheels. When planning for temporary cold-storage truck trailers to store
body bags awaiting autopsy and identification procedures, make sure that
they have a metal floor as well as sides to prevent odor problems after the
operation. Tarpaulins should be placed over the truck trailers to cover the
name of the company that furnished them. The medical examiner or coroner
should thank the company and be prepared to pay for the rental charges for
the trailers upon completion of the operation. This is much better than
having the name of the company on nationwide television stating it is “a
body storage area.” This is not good public relations. If the body recovery is
done in subfreezing winter weather, a need exists to keep the remains from
being solidly frozen and unmanageable. Assign an individual to stay with
each locked trailer. Only this individual is allowed to release or gain access to
body bags for their unit. This individual is responsible for the tally of the body
bags in their trailer location. When a body bag is to traverse the identification
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process, an individual should stay with the bag until examinations are com-
pleted to prevent a mix-up of bags in the process.

Where and how are the personal effects of the body being taken care of?
Locked files must be provided for records, both ante- and postmortem.
Locked files must be provided for personal effects recovered with the remains
or removed from the remains. These are sometimes helpful in suggesting a
set of records to compare with an unknown body. An area must be provided
for the computer that logs records and body tracking. Another computer
may be used for the comparison of ante- and postmortem dental informa-
tion. Space for the ante-mortem dental team for computer input must be
made available. This is usually one of the more difficult areas and requires
very experienced dental practitioners. The reason for this is that dentists use
a variety of recording schemes and their own shorthand notes. Using the
most recent bite wing films and the written record can help in this area. All
of the records must be converted into one standardized type if computer
comparisons are to be made. The computer cannot compare three or four
different types of layouts of records. The ante-mortem and post-mortem
comparison records must be standardized. What type of record does the local
dental identification team prefer? The standard military mortuary antemor-
tem and postmortem forms should be considered for use. Consideration can
be given to stamping a large letter “M” or “F” to differentiate males and
females to ease record sorting and hasten comparisons.

If body recovery is done during wet weather, in the rain or with snow
on the ground, the clothes recovered with the body must be dried before
being placed in a storage bag. If placed in a bag wet and soiled with body
fluids or blood, the clothing becomes an infectious hazard and an odor
producer as the fluids and tissue fragments decompose. The manual should
cover this possibility and obtain an electrical clothing dryer and the necessary
power to operate it. After the operation, depending on the use of the dryer,
it may have to be salvaged. Autopsy tables, when temporary, do not require
water. The lack of water will limit the amount of the examination that the
pathologist can do. Plans must include the opportunity for the autopsy team
members to wash their hands and instruments. The dental identification area
also needs a source of water for their examinations. Radiographs can be taken
on the site and developed somewhere else. Problems occur with this
approach, however. If the radiographs are improperly exposed or the angu-
lation is not correct when the finished film is viewed, the body must now be
brought back to the area and radiographs retaken. This is one advantage of
using film that can be developed on the site without a darkroom. All that is
necessary is a small amount of water to wash the finished film. One of us
(PGS) prefers to use larger, occlusal-type radiographic film, thus the maxilla
and mandible can be radiographed on a single film. This makes the film a
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sort of bite wing with roots. This works very well in skelatinized material
and can be used in other recovery situations. One problem that will plague
the dental examiners is that of many small periapical films without any
method of identification on them. The larger occlusal films are big enough
that necessary body identification numbers or other codes can be written on
them without infringing on critical diagnostic areas. Be sure that the plans
include proper radiation shielding for the individuals taking the films and
the bystanders and other workers in the area. An antemortem and postmor-
tem room for radiographic comparisons of dental and other body films
should be in the plan.

Possible emergency morgue plans must be listed and reviewed as new
locations are found or old buildings are no longer available. The list must
describe in detail the type of facility, the size, floor plans, type of floor in
various areas, the ease of access, and security from intruders, video cameras,
and photography. Ambulances and body cars should load and unload out of
public view and shielded from the prying eyes of the news media. Some plans
call for a large tent to be erected at the loading site, and the ambulance backed
into the tent for privacy and security. The location of the temporary morgue
must be secure and have adequate parking around it. Have there been any
plans for area surveillance and perimeter security? One group that will be
helpful is the local funeral directors’ association. They are aware of the
problems that will be faced and are usually very willing to give some assis-
tance. Discuss with the directors the possibility of contracting with them to
have embalming of victims or portions of victims done at locations away
from the temporary morgue. To do these procedures on the site may violate
OSHA regulations and cause exposure of the other workers in the location
to potentially hazardous chemicals. Plans should include this procedure,
along with whom to contact and where.

Are adequate sample tubes on site for alcohol, drug, and medication
samples? The federal regulations require that aircraft crew, train crew, or
interstate truck drivers be autopsied and tested, should this be that type of
accident. Autopsies on the remainder of the passengers are at the discretion
of the local authority. The Department of Transportation (DOT) requests
this material for their own testing, plus the testing that local medical examiner
or coroner may require. How many autopsies and how much testing is going
to be done on the passengers? If two 747s collide this could be upwards of
600 or more bodies. How critical is it to know the levels of various toxological
materials in each body? DOT is interested in the crew only, usually. The
security of this material needs to be addressed in the overall plan. Who will
receive and process these reports? This information is very sensitive and
confidential and must be treated as such.
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Embarrassment and untoward negative publicity can be prevented with
extra caution and preplanning. Understanding that not all individuals at an
accident site are honest is imperative. One critical team to be selected is the
personal effects team. Another critical team is the one that will have the task
of securing the area from all persons except those authorized to be on the
scene. The personal effects team members should have the most background
scrutiny of any of the teams that will be assembled. Imagine for a moment
that someone in a commercial aircraft crash is a drug courier with $1 million
in small unmarked bills. Unfortunately, this is not an unlikely scenario in
America today. Another passenger may be wearing very valuable jewelry, etc.
Anyone caught stealing anything, regardless of how large or small, should be
prosecuted to the full extent of the law. A good source of reliable individuals
can come from the local funeral directors with some of their part-time help.
Another good source are retired school teachers who are used to keeping very
detailed records and have dealt with people most of their teaching life. They
must be paid for this service, as they will prevent all sorts of embarrassment
and unneeded problems through their efforts. If this is a common carrier
accident (bus, plane, train, etc.) the insurance carrier will be willing to pay
reasonable fees for all involved in the recovery and identification procedure.
Note the choice of the word reasonable. Insurance carriers are not willing to
pay the chief forensic officer more than their chief executive officer earns in
a year, for any accident. These management-type problems have vexed disas-
ters in the past and have made some companies very suspicious of any attempt
at payment. With proper planning, this should not be a problem.

The reasons for a spokesperson to handle news conferences are obvious.
Let us illustrate this with a true incident. At a major aircraft accident an
unusual problem developed. A male passenger was very inebriated and was
seated in the first row of the first-class section near the cockpit. The accident
occurred during takeoff with a fire breaking out after impact. Unfortunately,
no one survived the crash. Almost every individual on the plane was burned
beyond recognition. One male individual who was dressed in a white shirt
and blue pants was thrown forward through the windshield of the plane.
When the body count was done there was one missing individual. The next
day an inspection was done of the area where the plane slid forward into an
unmowed area. Using only circumstantial evidence, the found body in the
white shirt and blue pants was presumed to be one of the pilots and his body
was scheduled to be released early the morning of the second day. When the
blood alcohol levels were completed on his body it was determined that the
individual was over the level considered to be alcohol incapacitated (dead
drunk). The release of the body was delayed and further identification mea-
sures were instigated. It was later proved that he was the passenger from the
©1997 CRC Press LLC



  
first-class section. Imagine what a problem in public relations this would
have been for the airline and the disaster team working the accident if the
presumed identification had been labeled as a “drunk pilot”! Why a presumed
identification was going to be used for body identification is another portion
of the story we will not talk about. Using a passenger manifest for identifi-
cation also presents problems as people who are drug runners or money
couriers travel under assumed names.

Planning should include the type of body tags that are to be used in the
disaster. Make it a written policy that tags will be placed on extremities or
torsos. Should only the head or skull remain, place the tag in an inconspic-
uous place. Photographs will be taken from great distances by photographers
hoping to sell them to news services. The area should be secure from view
from tall buildings or hills, etc. nearby. This is another reason for tags in
proper places to prevent another news release problem. The public is sensi-
tized to the accident and everything should be done to reduce the notoriety
and trauma of the procedures. Some very good tags are now available. This
tag must remain readable and intact through the worst case scenario imag-
inable. Everyone who is going to be in contact with bodies, body parts,
clothing, or personal effects must wear rubber or similar gloves. Adequate
protective clothing and an area in which to change and clean up before ending
a the work day must be provided. Supplies and equipment needed during
the recovery and identification processes must be scheduled to arrive when
practical. Each purchase order should have a code such as A, B, C, etc. written
in front of the usual purchase order number. The letter code will identify
and specify delivery routing. This helps to prevent confusion when supplies
are being delivered to one specific location. It also prevents dishonesty and
theft. Thought should be given to having a reputable jeweler describe the
type and details of the recovered materials that should then be tagged and
placed in the personal effects files. Anything that may be carried with a
passenger or worn should be described. Look for money belts, passports (it
could be stolen), cross dressing by transvestites, unusual lifts in shoes, breast
prosthesis indicating mastectomy surgery, etc. Keep an open mind and cat-
alog all recovered materials and where they was recovered using the grid
system. Credit cards, money, jewelry, and other valuables must be tagged,
cataloged, and stored under security provisions away from the body. Never
keep them in the body bag.

As the pressure of the accident begins to diminish slightly, the accident
identification team leader should meet with the other key people under his
or her command. This should be a closed meeting as there is a need to discuss
the good and bad things that are occurring and the group thinking of the
best way to correct the problems. Notes should be kept so that problems
encountered can be prevented should another accident of this type occur.
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The National Foundation of Mortuary Care has a portable morgue that can
be requested. It can be quickly flown to almost any area of the U.S. It has
been used in various field exercises for training by many teams and it is well
stocked and designed. Your medical examiner or coroner can request assis-
tance from this group and the use of this portable morgue.

Individuals working at the scene or at the morgue should be rotated
within six to eight hours. The stress of the situation leads to mistakes made
in good faith by individuals who are physically and emotionally exhausted.
Mistakes then foster more mistakes and a difficult situation becomes almost
impossible. Most group leaders and the individual in charge want to accom-
plish the identification procedure in the shortest time possible. This is admi-
rable and a goal to shoot for. When mistakes happen this goal becomes very
difficult to meet and the procedure becomes very complex. In spite of the
pressures, the recovery situation and the morgue environment should be shut
down after ten hours of operation if well-trained relief crews are not readily
available.

One problem that the disaster director will have is that of volunteers.
Individuals from literally all over the world as well as the U.S. will call to
volunteer. Some of them even travel to the scene and will present themselves,
ready to go to work. The director and many group leaders may not know
these individuals or their background. A preplanned list of those that are to
be called for the disaster will be used. Consideration of “outsiders” is possible
only after a thorough interview on the telephone and verification of their
skills, ability, and training. References given must be contacted for personal
verfication of work experience, collegiality, and ability to get along with their
co-workers. Some invited specialists can probably provide names of individ-
uals who can be trusted and have skills necessary for the resolution of the
disaster or a special problem.

After each disaster is completed there should be a postdisaster meeting
with the objective to write a report of the efforts of the entire team. This
report will serve to help the coroner or medical examiner obtain the necessary
funding from either government, insurance, or other funding sources to pay
for the time, effort, and supplies used in the disaster. It will also help others
planning for similar experiences to avoid some pitfalls and use the strengths
discovered in the calamity.

Litigation, unfortunately, is also part of each of these types of investiga-
tions. Inexperience and poor planning lend themselves to problems with
family units and attorneys. Recently, after an aircraft crash, maxillas and
mandibles were removed from viewable bodies (bodies that have almost no
injury to the facial area and can have an open casket funeral). This is one
way to ensure a positive dental identification, but it created many legal
problems for the identification team. Other means for identification should
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be pursued in these types of cases and dental identification left for the final
method, assuming all other methods for positive identification fail. Preplan-
ning and organization would have prevented this unfortunate problem. Some
body parts that were previously not identified can now be placed together
with the same victim through the use of DNA testing. This testing is expen-
sive, but the technology exists for this type of examination.

One final comment. Stress, both physical and mental, are inherent in a
disaster situation. Team leaders and others must be aware of changes in
attitude or efficiency of individuals. This is a situation where things that are
very disconcerting begin to build in the psyche of the individuals involved.
Psychologists and psychiatrists should be available to help individuals who
become mentally exhausted or confused. Do not relieve the individuals and
merely send them home for a rest. These individuals should be relieved of
duty and taken to trained professionals for help. The entire team will need
help regarding their mental health after the operation is completed. Situations
like a disaster are very trying on the individual’s psyche. Each individual
carries away from the event his or her own particular set of memories and
problems. Postevent counseling is critical for all individuals involved and
must be planned as a part of the operation.

It is our hope this short collection of potential problems and information
on how to overcome them has been helpful and has aided in planning efforts.
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APPENDIX 10.1

“Forensic Nuggets”

Forensic skeletal material exposed to the elements for several months,
depending on the latitude and climatic conditions, can have a moderate
amount of soft tissues remaining. The material is in some state of decompo-
sition. If the taking of dental radiographs is necessary, some techniques can
be used. The mandible can be disarticulated from the skull. The maxilla can
be detached from the base of the skull with the use of a Stryker® saw, a metal
saw, or a set of large pruning shears. Dr. Maples and other anthropologists
prefer that the maxilla not be detached from the skull. After obtaining per-
mission from the medical examiner or coroner, the skull can be defleshed.
This is not a pleasant task as the skull must be boiled and the decomposing
tissues subsequently stripped off. The odors produced from the boiling pro-
cedure are penetrating, obnoxious, and if not done in a proper environment
can cause the individual doing the procedure multiple problems. Complaints
to law enforcement officials will be investigated and the procedure could
possibly be stopped if the odors are extremely disturbing to a neighborhood
or city area. The best action in this type of situation is to utilize the services
of a forensic anthropologist, and then study the material after the skull has
been properly cleaned and defleshed.

If necessary, the mandible can be taken into a dental office for radio-
graphs if it is tightly and securely bound in Saran Wrap® or some similar
material. If the maxilla has been removed from the base of the skull, it can
be treated similarly. Should this technique be chosen, be extremely careful
to avoid puncturing the wrapping on the specimens. The noxious gases
produced by decomposition, principally putrescine and cadaverine, will
adhere to any fabrics in the dental office environment. This means that fabric-
covered chairs, couches, drapes, rugs, etc. will all have the odor of decom-
position in them. All attempts to mask the odor will fail. The materials
exposed must be replaced. This means that the trade-off for a set of dental
radiographs could become quite expensive. The plastic-wrapped materials
work well for odor control. The specimens can be soaked in 10% neutral
buffered formalin to help to contain the odor, but this procedure will take
time. The specimens should be checked daily and the solutions changed to
insure proper fixation. Should maggots be present, they are sometimes dif-
ficult to remove and present fixation problems. What we are describing is
not a very pleasant situation, but one that the forensic dentist must contend
with and find a solution for in their own situation.
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A better course of action is to take radiographs in a morgue or a funeral
home preparation room. If a portable dental radiograph machine can be
obtained, it can be used in either of these locations. Using a portable dental
radiographic machine is also possible, under some type of cover, in the field.
A recently improved dental radiographic film that can be developed on the
site with very little additional material is ideal for use in this type of situation.
The name of the film is Phil-X 30© (American Diversified Dental Systems
(1-800-637-2337)). This film is an instant-developing X-ray film packet that
has a packet of both developer and fixer with it. This allows development of
the film in full daylight. A special crystal temperature-reading strip is
included to control development of the film at the particular room or envi-
ronmental temperature. The only thing necessary is a sink with some running
water for final chemical removal. Caution is necessary to place the identifi-
cation point in the proper orientation. The film contains no lead foil so it
can be exposed from either side of the holder. Therefore, it can be reversed.
Other uses of this film are for dental examination by various State Dental
Examining Boards, or endodontic examinations. The manufacturer includes
a metric grid that can be placed over the film for accurate positioning of the
length of endodontic files and filling material.

After all “usual” methods of identification have been completed, the
agency in question may still be faced with an unidentified body. All the usual
tests have been done, radiographs taken, and no clues are present to suggest
help for the identification. DNA tests can be done; however, they are expen-
sive. These tests, like dental identifications, also require an individual or
family to compare the unknown sample to. The next individual to turn to is
the forensic anthropologist. The body can be shipped to the anthropologist
in a sealed container. One method to ship only a partially fleshed skull is to
wrap it entirely airtight in a plastic wrap (Saran Wrap® or similar material).
Using a large can that popcorn is purchased in, the airtight wrapped skull is
placed in styrofoam pellets (or popcorn) for shipping protection. Wrap the
mandible separately and pack it in the same can. Use plenty of packing
material so no rattle of the specimens can be detected. The metal can may
be shipped via parcel post. They will accept the can if at least two sheets of
plastic film is placed over the opening of the can. Put the lid on the can
carefully to ensure that it is airtight, and seal the can top with fiberglass tape.
Place a biomedical materials tag on the outside of the can. Include a return
address and phone number (should the can be damaged and the contents
exposed) and send it “return receipt requested”. Be sure to advise the labo-
ratory or anthropologist that a specimen is coming and to acknowledge the
arrival of the specimen. One of the authors (CAM) has shipped many spec-
imens in this manner with no problems or damage.
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Be prepared to invest time; the preparation and cleaning of the skeleton
takes considerable time. In doing the cleaning procedure, artificial joints,
such as hips, may be discovered. These may have been overlooked in the
original workup of the case if whole-body radiographs were not done. Should
an artificial joint be discovered, the need for a competent orthopedic surgeon
becomes necessary. Most of the time the surgeon can suggest the manufac-
turer of the joint implant and can understand and interpret the marking on
the implant that may be of help. Often, lot numbers and individual prosthesis
identification numbers are not present. Right now, most replacement parts
for knee, femur, hip, shoulder, elbow, and other parts are not marked. The
present method of marking makes the finished product subject to possible
corrosion and fracture at the site of the marking. This is why they are not
presently marked. Check with the hospitals in the area and you might be
lucky enough to find a suggestion of the unknown individual. A good refer-
ence about orthopedic implants and their use is Campbell’s Operative Ortho-
paedics, (Volume 2, 8th edition, edited by A. H. Crenshaw. and published by
C. V. Mosby, St. Louis, 1992). There is at present no pressure on the manu-
facturers to mark and number their appliances. With the pressures of medical
and forensic matters, such as identification and malpractice, they might begin
to do this in the future.

The authors have attempted to discover if there are any lists of markings
on replacement lenses inserted after cataract surgery. To date we have been
unable to find any information about this area of possible identification that
will be present in the older age group in this country. One problem that
occurs after cataract surgery is dryness of the eyes. A small plastic tube is
inserted in the lacrimal canal in many individuals postsurgery to ensure that
the lacrimal duct remains patent. The tube ensures an adequate amount of
natural lubrication (tears) to the eye. Should this small tube be found during
a forensic examination, it might suggest that cataract surgery or other similar
eye surgery had been done. In partially skelatinized remains, the eye area should
be checked very carefully if the skeletal remains suggest an older individual.

We have mentioned in other sections of this text the necessity of not
sharing any information with the news media. The only individual who was
always correctly quoted was the father of the atomic submarine, the late
Hyman Rickover. Early in the development of this new technological marvel
he was once misquoted. This almost caused the project to be canceled. He
sued a major newspaper reporting service and was awarded a large sum of
money. The news media respected him after this incident and he was given
copy to correct before publication. The moral to this short story is that we,
as forensic and law enforcement individuals, do not have this type of under-
standing. The only way to protect ourselves and the investigation is to refer
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the inquiring reporter to the individual in charge. We have experienced
situations in the past where a well-intentioned member of a dental team gave
statements to the television media. Some material mentioned was not deemed
appropriate for public dissemination at that time as the next of kin had not
yet been notified and the accident investigation was continuing. This caused
a dental identification team to be replaced by other more trusted individuals.
Never discuss the details of your efforts with anyone except other members
of your team. If this is a mass disaster, the National Transportation Safety
Board will usually hold one or two press conferences each day for the benefit
of the media. To sell or receive a gift for the “inside” release of information,
photographs, or other material is a breach of the operating rules of the
medical examiner, coroner, or other official agency for which you are work-
ing. Recently in the Value Jet crash in Florida, the news media reported that
a truck driver kept some aircraft pieces he was hauling for “a souvenir.” He
now faces federal charges for impeding the investigation.

Some identification groups with little experience are proposing that all
remains should be photographed as part of the original identification process.
Photographs are essential and are necessary to document injuries and other
information. Be cautious of who is chosen to develop photographic material.
It is pleasing to get things developed and printed in less than two hours, but
some unscrupulous individuals in the processing area may sell copies of your
material to the media. If the story is worldwide or national news, the media
will stop at nothing to obtain material. No photographs should be taken
during the identification process unless authorized by the chief of the oper-
ation. In larger operations a photographer is part of the team and will furnish
the proper photographs. The person requested to take photographs must
make sure that the film is personally handed to a qualified and identified
person and a receipt issued for the film or any other materials to show that
an authorized individual has taken possession of it. An unspoken truth in a
major accident is that there will be many lawsuits filed and the material that
the team is helping to gather and process will be part of the proceedings.
More important than that, however, is the impact in the total picture of the
identification process.
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