Evolution of Forensic Anthropological Methods of Identification
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ABSTRACT

Forensic identification of human remains has long been a core contribution of forensic anthropologists to death investigations. The array
and scientific robusticity of the identification methods employed by the anthropologist has evolved in the last several decades, and as with
other nonidentification methods, anthropologists have embraced the progression toward the use of validated and statistically defensible
methods for identification. This article presents an overview of the role that the forensic anthropologist plays in the identification of human
remains and the evolution of anthropological methods of identification. Acad Forensic Pathol. 2016 6(3): 361-369
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INTRODUCTION

Forensic identification of the deceased is of primary
importance in the medicolegal investigation of death.
This is true in the daily investigation of individual un-
expected deaths and in investigations of mass fatality
incidents involving large numbers of human remains
and/or fragments of human remains. Since Krogman’s
1939 article in the Federal Bureau of Investigation
Newsletter entitled “A Guide to the ldentification of
Human Skeletal Material,” the anthropologist has
maintained a significant and expanding role in identi-
fication (1). Much has changed since the days of anec-
dotal comparison of skeletal features for identification
with advancements in the development of standard
and validated methods for identification in the wake
of the Daubert v. Merrell Dow ruling (2) and the more
recent National Academy of Sciences (NAS) report
(3). The NAS report called on the forensic sciences to
validate existing methods and to develop new meth-
ods that can be validated via assurance of repeatabil-
ity, reliability, and accuracy. Recognition by forensic
anthropologists of the need for standardized, validated
methods for identification predates the NAS report (4-
6), as does much of the research aimed at validation of
anthropological methods of identification. Anthropol-
ogists have continued to contribute to this discussion
since the NAS report was published (7-11).

DISCUSSION
Anthropological Methods for Identification

The contribution of the forensic anthropologist to the
identification process varies by jurisdiction, in large
part due to whether or not the anthropologist is a full-
time employee of the medicolegal jurisdiction rather
than a contractor. Those who are embedded in a medi-
cal examiner/coroner operation are typically involved
in a greater variety of components of the identification
process than those who consult, including both the ap-
plication of anthropological methods and administra-
tive contributions (12). This article focuses on the core
contribution of the forensic anthropologist to identi-
fication: the direct comparison of antemortem radio-
graphs attributable to suspected deceased persons to
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postmortem radiographic images collected from the
deceasent by the medicolegal agency. The anthropol-
ogist also impacts the identification process via the
extraction of biological indicators of age, sex, ances-
try, and stature from unidentified human remains that
allow for the development of a biological profile that
limits the number of people to whom a decedent bears
resemblance (13). Facial approximation and superim-
position are methods employed by some anthropolo-
gists that are generally useful as tools for eliminating
identification candidates or for narrowing candidate
pools rather than for identification. These methods are
thus not discussed in any detail in this article.

Forensic anthropologists leverage their detailed fa-
miliarity with the skeleton and its variability to assess
the likelihood that the similarity between two images
of the same skeletal feature constitutes identification.
This comparison involves consideration of overall
bone morphology and contour, trabecular bone pat-
terns, sinus morphology, and the presence and mor-
phology of orthopedic or surgical devices. In general,
the greater the morphological complexity, the high-
er the likelihood that a particular bony feature will
have discriminatory value. Thus, most of the bones
of the body have the potential to contribute to iden-
tification, but certain elements of the skeleton (e.g.,
frontal sinuses, petrous temporal bone, dentition) are
preferable because of their morphological complex-
ity. Some elements that have complex morphology
have compromised utility because of their location
in the body and their appearance on antemortem im-
aging. The vertebral column, for example, has very
complex morphology, particularly in aged individuals
with degenerative changes, but is often viewed by the
anthropologist in anterior-posterior chest radiographs
and is thus viewed through the anterior ribs, sternum,
and thoraco-abdominal organs. Another consideration
is the prevalence of imaging in the antemortem re-
cord. For example, chest radiographs, though difficult
to use for identification for the above stated reason,
are commonly used for identification because of their
high level of availability. In the author’s experience,
there also seem to be distinctions between the lay
population and the deceased medicolegal population
(e.g., higher incidence of interaction with the health-
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care system and/or criminal justice system) in terms
of antemortem record prevalence, which can benefit
the anthropologist seeking antemortem records.

The first account of comparison of radiographs for the
purpose of forensic identification of the deceased was
described in the third decade of the last century (14).
The authors used the morphology of the nasal acces-
sory sinuses and the mastoid processes to confirm the
identity of a heavily decomposed person. The subse-
quent literature, particularly between 1995 and 2008,
is replete with published attempts to find means of
extracting diagnostic information directly from skel-
etal remains via comparison of ante- and postmortem
radiographs. Numerous publications describe individ-
ual identifications made using radiographic imaging
of various parts of the postcranial skeleton including
the leg and foot (15), chest (11, 16), clavicles (17, 18),
pelvis (19, 20), vertebral column (9, 21), and the hand
and wrist (6, 22), as well as features of the cranium,
including the mastoid sinuses (23), nasal sinuses (14),
cranial suture patterns (24), frontal sinuses (25-34),
and orthopedic/surgical devices from various parts of
the body (35, 36).

The frontal sinuses have received considerable atten-
tion as a highly variable and individualistic character
of the human skull (25-31), and provide a synopsis
of the progression of the identification literature from
anecdotal accounts of comparisons to the develop-
ment of methods for comparison of images complete
with statistical measures of likelihood. An exhaustive
review of the literature pertaining to identification
methods based on every part of the skeleton is beyond
the scope of this article. The following paragraph uses
the frontal sinus as an example of the development
of, problems with, and considerations associated with
radiograph identification methods.

Articles discussing the radiographic evaluation of the
frontal sinuses in personal identification have been
published on several occasions (25, 27, 28, 37, 38).
However, the majority of the early publications are
case reports and do not present techniques for fu-
ture application, nor do they satisfy the requirements
of the Daubert guidelines or address the limitations
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identified in the NAS report. For example, Quatre-
homme and Fronty suggests simple superimposition
of ante- and postmortem conventional radiograph im-
ages as a viable technique for personal identification
from the frontal sinus (39). The authors acknowledge
the considerable difficulty associated with the correct
orientation of the skull for postmortem imaging, but
do not address the subjectivity associated with the
method. Quatrehomme and Fronty’s method is typi-
cal of these articles, which present a case, or series of
cases, in which “identifications” were made based on
matches perceived by the observer (25, 28, 38). Kirk
et al. published the results of a survey of 39 cases in
which identifications were made in Ontario, Cana-
da, based on nonmetric comparison of frontal sinus
configuration (40). Only three of the 39 cases were
considered unidentifiable using the frontal sinus be-
cause of poor film quality and the remaining 36 pro-
duced “conclusive postmortem to antemortem pattern
matches” (40). The identifications were made based
on uniqueness, as perceived by the viewer, between
superimposed ante- and postmortem anteroposterior
radiographs of the skull. They also refer to the “quan-
titative” association of 16 cases. This quantification
involved measurement of the maximum vertical and
horizontal dimensions of the sinuses. “Any discrepan-
¢y between antemortem and postmortem values great-
er than 5 mm was classified as a metric nonmatch”
(40). Although less subjective than the identifications
made solely on the basis of simple superimposition
of ante- and postmortem imaging, this technique does
not provide either a statistical measure of the strength
of the associations or error rates associated with its
use. More comprehensive systems for classifying and/
or identifying crania according to variability of the
frontal sinuses have been presented by Yoshino et al.
(29), Yoshino et al. (41), Schuller (26), Reichs (31),
and Reichs and Dorion (30). Yoshino et al. developed
a potentially repeatable methodology for personal
identification from conventional radiographs of the
frontal sinuses (29). The method involved the devel-
opment of a code number from the classification of six
independent characteristics of the frontal sinuses. The
code was a series of numbers that was statistically un-
likely to be derived from more than a single individ-
ual by virtue of its length and the number of possible
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combinations represented by all of its possible varia-
tions. Yoshino used the skulls of 35 Japanese adults
(21 males and 14 females) to develop the technique.
They tested the technique on a single forensic case
and concluded that the technique is of “considerable
value in cases in which dental remains are not avail-
able” (29). Reichs and Dorion (30) and Reichs (31)
modified this technique for use with axial computed
tomography (CT) scans of the skull. Their argument is
essentially that future use of CT imaging will far out-
weigh the use of fronto-occipital radiographs, and that
identification techniques based on radiographs will
someday become obsolete. Thus instead of conven-
tional radiography, they developed a method similar
to that of Yoshino et al. using axial CT imaging (29).
They evaluated a slightly different series of charac-
teristics than Yoshino et al. that were more effectively
imaged on CT scans, including bilateral dimension,
bilateral asymmetry, superiority of side, distribution
of partial bony septations, number of partial bony
septations, distribution of complete bony cells, and
number of complete bony cells (29). They suggest-
ed that scoring these attributes on several consecutive
CT slices added to the length of the code derived, and
therefore, to its statistical uniqueness.

Development of Quantitative Methods for Identi-
fication

There has been a surge in publications regarding the
validation of all aspects of forensic anthropological
analysis in the last ten years, particularly since the
publication of the NAS report. For many of the anal-
yses conducted by forensic anthropologists, includ-
ing sex and age estimation, this involves the statis-
tical validation of existing anthropological methods
like pubic symphysis or sternal rib end aging. On the
other hand, identification of decedents via radiograph
comparison has been historically subjective. The dis-
criminatory value of subjective comparison of skel-
etal radiographs is valuable and these methods are
likely to persist as an identification tool for use by the
forensic anthropologist. This is true in part because
the anthropologist cannot validate radiograph identi-
fication methods for every bone in the body, nor can
we anticipate what bone(s) may be available for com-
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parison in a given case. However, the importance of
the development of validated identification methods
is well recognized. “Because forensic anthropologists
are trained first and foremost as physical anthropol-
ogists, they emphasize estimation problems at the ex-
pense of evidentiary problems” (42). Steadman and
colleagues outline the application of Bayesian statis-
tics, in particular likelihood ratios, in the validation
of anthropological methods of identification. They ex-
plain the conceptual and practical differences between
appropriate reference samples and the population at
large. The authors identify several databases that can
be used as references for population at large estimates,
as well as novel data that can be used to calculate the
frequency of specific identifiers within the population
at large.

The primary problem with historical usage of ra-
diograph comparison is the real or perceived lack
of repeatability of the comparisons. Repeatability is
dependent on the objectivity of the methodology em-
ployed, and objectivity is difficult to establish when
using methods dependent on the investigator’s indi-
vidual assessment of subjective characteristics, such
as a particular shape, level of symmetry, or side dom-
inance. For example, the features of the frontal si-
nuses evaluated in the publications by both Yoshino
et al. (29) and Reichs and Dorion (30) are arbitrary.
There is a need for more easily reproducible charac-
ter evaluations. Some authors have tried to increase
the objectivity of radiographic methods by various
means. As mentioned above, Kirk et al. attempted to
add quantitative robusticity to the radiographic anal-
ysis of frontal sinuses by recording the maximum
width and length of the sinuses in a sample of 39 cra-
nia, in addition to the more subjective variables used
in other investigations (40). Reipert et al. completed
an investigation that aimed to “improve the objec-
tivity of X-ray comparison for the identification of
unknown individuals” by using a computer program
named FoXSIS to reduce subjectivity in the analysis
of the frontal sinuses (43). Computed tomography
data were collected for 30 skulls, and were convert-
ed to virtual X-ray representations of the skulls. Ac-
cording to the authors, the primary advantage of the
program was that its use of digital measurements of

Page 364

Wiersema + Anthropological Identification Methods
ACADEMIC FORENSIC PATHOLOGY: THE OFFICIAL PUBLICATION OF THE NATIONAL ASSOCIATION OF MEDICAL EXAMINERS
©2016 Academic Forensic Pathology Incorporated
Downloaded from www.afpjournal.com by an AFP Journal subscriber
This article is for personal use only and may not be shared or distributed in any fashion



the features of the skull allowed for a quantification
of the “probability of identity” without reliance on
the more subjective, and less repeatable measures of
identity such as side dominance, shape, and symme-
try levels.

There is also a problem with techniques that are based
on the assumption that it is statistically improbable for
two individuals to have the same or similar codes just
because there are a large number of possible combina-
tions. This is problematic (at least with the techniques
outlined above) because no effort is made to weigh the
various characters relative to one another. For exam-
ple, it is much more likely for an individual to have a
single or very few septations of the frontal sinus than
for them to have six or seven, thereby increasing dra-
matically the statistical probability that two individu-
als may indeed have the same code for that particular
trait. This is a problem with many of the characteris-
tics considered by both Reichs (31) and Yoshino et
al. (29). Christensen published the most objective and
statistically robust analysis of the frontal sinuses to
date (32). She used elliptical Fourier analysis (EFA), a
geometric morphometric technique that imposes a set
of coordinate data points to a closed curve, to quantify
the superior border of the frontal sinuses. The coordi-
nate data were then used to quantify the outlines by
generating a set of coefficients that represent a numer-
ical reproduction of the curve. She traced the superior
border of the frontal sinuses of 808 individuals and
closed the curve inferiorly by connecting the inferi-
or-most extensions of the left and right sides of the
curve with a straight horizontal line. The Euclidean
distances between the EFA-generated outlines were
compared as a means to test the accuracy with which
they could be used to associate the correct images.
The Euclidean distances between repeat images from
the same individual were significantly smaller than the
distances between individuals. She used typicality sta-
tistics to evaluate the statistical strength of the associ-
ations with good results. The probability of making an
incorrect association between two outlines using her
method is very small, and she concludes that “there is
a quantifiable and significant difference between the
shapes of individual frontal sinus outlines” (32).
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Wiersema developed a method for comparison of ante-
and postmortem axial CT images of the petrous portion
of the temporal bone (44). The data used in the study
were collected from repeat axial head CT images of 115
individuals, and the Euclidean distance comparisons
were made between images of the same individual and
images from different individuals. Two-dimension-
al coordinate data from 36 landmarks on each of the
CT images were calculated and the distances between
each of the coordinate points were captured to generate
the data used in the statistical analyses. Measurement
subsets were developed based on two separate models,
the first of which used anatomical criteria identified by
the study author and the second used principal com-
ponents factor analysis to identify the subset with the
most statistical significance (Images 1-3).

The measurement sets of both models were then com-
pared to one another using nearest neighbor analysis,
to test their relative efficiency in matching replicate
images to one another. The results of both models
were highly accurate. Three incorrect nearest neighbor
matches resulted from the biological model and five
from the principal components factor analysis model.
The errors appear to have been the result of variation
in the axial plane between the first and second scans.
The results of the nearest neighbor comparisons were
then considered within the context of Bayes’ Theorem
by calculating likelihood ratios and posterior proba-
bilities. The likelihood ratios and posterior probabili-
ties were very high for both models, indicating that 1)
there is significant individual variability in the mea-
surements of the petrous portion used in this research
and 2) this variation represents a high level of potential
accuracy in the application of this method in the iden-
tification of forensic remains.

Derrick et al. describe an automated method for com-
parison of lateral images of the cervical spine that
was mathematically validated for use by medical ex-
aminer’s/coroner’s offices (9). The software quanti-
fies the likelihood that any two of the radiographs in
an array of cervical spine images (Image 4) contain
matching vertebral body morphology. Six validations
were conducted to evaluate the repeatability, reliabil-
ity, and sensitivity of the method. The authors report
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a 92-100% success rate in matching the test image to
the correct image in the array. The success rate for
cervical vertebrae is particularly high, less so for lum-
bar vertebral bodies (which tend to be less morpho-
logically distinctive and often partially obstructed by
intermediate objects).

The limitation of this particular method is the limited
availability of antemortem lateral cervical spine ra-

diographs. The utility of the method would be great-
ly enhanced if antemortem lateral CT scout images
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of the head and neck were deemed appropriate for
comparison.

Forensic Anthropological Identification in the
Mass Fatality Context

The role of the anthropologist in the mass fatality con-
text is discussed at length elsewhere (45). However,
that article does not address the methodological is-
sues associated with the identification of fragmentary
remains, or of common, unidentifiable tissue that is
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Image 1: The first two columns illustrate the landmark locations in the inner and middle ear segments of the petrous part of the tem-
poral bone used in this research. The third column illustrates the measurements between the landmarks in the inner and middle ear
segments. The measurements are color-coded according to the legend located between columns 2 and 3.
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Image 2: The first two images (labeled slices E&F) illustrate the locations of the landmarks around the contour of the petrous part of
the temporal bone. The third image illustrates the measurements between the landmarks around the contour of the petrous part of the
temporal bone. The measurements are color-coded according to the legend located between the second and third images.
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sometimes present following a mass fatality incident.
Many of the radiographic techniques employed for
daily cases are not useful for postdisaster fragmen-
tary remains. Some of the more diagnostic portions of
the skeleton, including the frontal sinus, are at con-
siderable risk of destruction. Focus of current/future
methods for use in the mass fatality context should in-
volve segments of the skeleton that resist taphonomic
destruction, including the petrous portion of the tem-
poral bone. It may also be difficult to employ radio-
graphic techniques due to availability of antemortem
radiographs, as the victims of mass fatality incidents
are often more similar to the lay population rather than
the deceased medicolegal population.

CONCLUSION

The forensic sciences have undergone a considerable
transformation in recent decades toward a more ro-
bust network of services that are based on validated
methods and accredited laboratories. Anthropological
methods have evolved concomitantly from the anec-
dotal to the statistically validated, accurate, and re-

LANDMARKS

AIAC

MIAC CARO
MPSC STYM
CLSC

LPSC

Slice A

cocH SPIPRO

Slice C

G EEENE - P

peatable methods that are being developed today. The
need for more subjective anthropological evaluation
of radiographs will continue to have a place in foren-
sic anthropology for identification, but validation of
these methods is as important as it is for other anthro-
pological methods (sex, age and ancestry estimation).
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