
283

Revista Română de Anatomie funcţională şi clinică, macro- şi microscopică şi de Antropologie

Vol. XVII – Nr. 4 – 2018 UPDATES

NEw AND MoDErN TEchNiqUES iN ForENSic 
iDENTiFicATioN

Madalina Maria Diac1,2, A. Knieling1,2*, irina Streba1, Nona Gîrlescu3, 
c.i. Stan4, Diana Bulgaru iliescu1,2

1. Institute of Legal Medicine Iasi, Romania 
University of Medicine and Pharmacy “Grigore T. Popa” Iasi, Romania

2. Forensec Department
3. Phd Student

4. I-st Morpho-Functional Sciences Department

New aND MoDeRN TechNIqUeS IN FoReNSIc IDeNTIFIcaTIoN (abstract): Introduc-
tion: Forensic identification represents one of essential elements within the forensic practice and 
investigation. This field of legal medicine focuses in principal on anthropological identification. 
The difficulty of forensic identification is encountered for skeletal remains, because most of the 
time, this category does not have the necessary features. Globally, in present, individual identifi-
cation has a major role, especially in the area of development and discovering of new and modern 
processes and methods which are useful in forensic identification. Literature pays a special atten-
tion on the forensic identification, especially in anthropological identification, placing a special 
emphasis on the creation of new bone collections as the starting point for new identification 
techniques. Objectives:The paper presents the advances in forensic identification research, un-
derlining the new morphometrical methods which are used in anthropological identification. 
Material and methods:The present paper is a literature review which includes the scientific research 
from the last five years on the subject of forensic identification focused on anthropological aspects. 
The studied articles were found and accessed from database PubMed, Research Gate by the in-
strumentality of key words as forensic identification, new anthropological methods, , forensic 
anthropology, skeletal remains, biological profile identification. conclusions: Forensic identifica-
tion is a continuously and constantly developing field; the present literature review is focused on 
the newest and most advanced research at international level, for a final result, human identifica-
tion. In Romanian legal medicine, this field is in a developing process, the present work being a 
starting point in the field of advanced research. Key-words: FoReNSIc aNThRoPoLoGy, 
bIoLoGIcaL PRoFILe DeTeRMINaTIoN, SkeLeTaL ReMaINS

iNTroDUcTioN
Forensic identification is one of the essential 

elements in forensic practice, it is a legal de-
termination which resides in the fact that ante-
mortem data are compared with post mortem 
data, the two fitting perfectly in such a way 
that, in the end, it is concluded that both belong 
to the same individual, excluding all other rea-
sonable possibilities. according to the Interpol 
Disaster Victim Identification Guide (DVI), 
there are two categories of identification: pri-
mary identification (fingerprint analysis, foren-
sic analysis and genetic analysis) and secondary 
identification [personal description, medical 
records, samples taken, clothes, etc.]).

In legal medicine, there are a variety of 
contexts in which identification is involved: 
when we deal with corpses in an advanced stage 
of decomposition, skeletonized bodies, burnt 
remains, whole or disparate skeletons, frag-
ments of bone or soft tissue or teeth (1).

The identification process has both moral 
and legal implications. So, the concern in es-
tablishing the identity of human remains is mul-
tiple:
a. penal – initiating procedures for identifying 

the offenders or the victim;
b. civil – the official and statistical record of 

an individual’s death;
c. moral, ethical and humanitarian (2).
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Globally, forensic identification plays a very 
important role, and continuous research is be-
ing done to develop and discover new and mod-
ern methods to improve the accuracy of the 
identification process. Literature pays special 
attention to methods of identification from an 
anthropological point of view. 

oBjEcTivES 
The paper presents the advances in forensic 

identification research, underlining the meth-
ods which are used in anthropological identifi-
cation (sex, age, ancestry and stature).

MATEriAL AND METhoDS
The present paper is a literature review which 

includes the scientific research from the last 
two decades on the subject of forensic identifi-
cation with a focus on anthropological aspects. 
The research activity is focused on highlighting 
the newest and most used methods by anthro-
pologists in forensic identification regarding sex, 
age, ancestry and stature of human remains. 

The studied articles were found and accessed 
from PubMed and ResearchGate databases by 
the instrumentality of key words as forensic 
identification, anthropological methods, sex 
estimation, ancestry estimation, age estimation, 
stature estimation, forensic anthropology, facial 
reconstruction. 

rESULTS 
The authors identified a number of 40 stud-

ies, some of them older (between 1970-1995), 
but most of them recent (from 2000 – to date), 
most of which are focused on medical forensic 
anthropology, the creation of the individual’s 
biological profile, the identification of human 
remains, the post-mortem interval, as well as 
the analysis of trauma.

The aforementioned studies have identified 
aspects regarding the methods used in forensic 
anthropology for estimation of sex, age, ances-
try and stature, summarized by the authors of 
the present review.

one of the important aspects discussed, at 
global level, is the importance of new human 
skeletal population collections. Many countries 
do not have access to such collections, and 
while it is necessary to understand the underly-
ing biological theories that affect the range and 
pattern of human variation, we also have to 
produce applicable models. In this sense, re-
petitive research can be observed, focused on 

both old and new methods on different popula-
tions. The point is that every population should 
have such research, to create a larger database 
and to easily compare the antemortem with 
postmortem data. also, all populations should 
have their own database regarding sex, age, 
stature and ancestry profiles. 

Reviewing different methods of sex estima-
tion (macroscopic and metric methods) clearly 
demonstrates that sexual dimorphism is expressed 
differently in the skeleton. Moreover, it can be 
influenced by genetic factors, nutrition, health 
and, last but not least, by the type of popula-
tion. These factors should be considered when 
making estimates of sex in skeletal remains.

Regarding the ancestry estimation, SwGaNTh 
(Scientific working Group for Forensic anthro-
pology) outlined that there is no one-size-fits-all 
answer, offering instead pathways to get to the 
best practices and methods. also, SwGaNTh 
explains that the estimation of ancestral ethnic-
ity is inherently multivariate, there being no 
single feature distinguishing groups of popula-
tions.

estimating the age of death of individuals in 
forensic contexts can be evaluated using many 
and different indicators (for immatures, teeth 
development and extent of bone and ephyphyseal 
union; for adults, macroscopically, microscop-
ical and biomolecular methods). This process 
involves the comparison of the morphological 
characteristics observed in skeletal remains 
with the changes recorded for recent popula-
tions of known age.

Regarding the stature of human remains, 
there are two methods: the anatomical and 
mathematical one. The anatomical method is 
applicable when we encounter an entire skeleton 
or we have some medical documents (RMN). 
The mathematical one is more useful when the 
skeleton is incomplete and can sometimes be 
applied faster than the anatomical one, but it 
needs clear and valid formulas for the entire 
population of the globe with the characteristics 
of each individual. 

each of these technologies and methods was 
an impulse for the development of population-
specific standards. In all estimations, the meth-
ods should be tested on samples of all popula-
tions.

DiScUSSioNS 
The forensic anthropology was characterized 

as an applied branch of biological anthropology. 
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That signifies that her methods and techniques 
are focused on the objectives of individual iden-
tification and clarification of death context, 
both being the central preoccupation of the 
forensic system when human remains are in-
volved (3).

human remains identification infers an an-
thropological examination, which should offer 
answers for the following questions: a. if the 
analyzed samples are bones; b. if the samples 
are human; c. estimation of sex of the skele-
ton; d. age at death; e. ancestry; f. stature; 
g. death cause; h. other information (patholo-
gies, trauma, way of living) (4).

 Is it bone at all? 
at a first visual analysis, the structure of the 

material to be analyzed can be confused with 
a multitude of materials (plants, corals, apatite, 
ivory) with bone-like appearance (5). In this 
sense, it is necessary to remember that the 
proportions and amounts of calcium and phos-
phorus are particularly important in the dif-
ferentiation of bone and teeth from other ma-
terials. This determination is possible with the 
help of electronic microscopy and energy dis-
persion X-ray spectroscopy (SeM / eDS) com-
pared with the spectral data from the database 
developed by FbI laboratories. This database 
includes spectra for many different materials, 
including known bone and tooth examples from 
several different forensic contexts, representing 
the whole range of taphonomic conditions (6). 
Thus, this analysis successfully distinguishes 
bone and tooth from other materials.

Is it human bone or animal bone?
The methods for this context are: macros-

copy, microscopy and biomolecular. The mac-
roscopic method is preferred, being the easiest 
to perform, is cheap and doesn’t require a lot 
of time, based on the sound knowledge of the 
anthropologist. but, this method has these ad-
vantages only when an entire skeleton or well 
preserved big fragments from skeleton (crani-
um, long bones, foot/hand bones) are available. 
From the point of view of the macroscopic anal-
ysis of the bones, we are oriented to the func-
tionality, size, shape and type of bone / tooth.

The microscopic method helps us when, 
macroscopically, we cannot state the origin of 
the bone/tooth and consists in the histological 
analysis of the osteon structure, namely the 
haversian system. haversian system, at a hu-

man adult compact bone has around 16-20 in-
terstitial lamellae with variations depending on 
sex, age or pathology; instead, the cat, for 
instance, has around only 4-5 interstitial lamel-
lae, especially in muscular insertion areas (7).

Literature mentions, also comprised within 
the microscopic method, the study of osteon 
patterns, the second shape and the second di-
mensions of osteon; in this sense, applying the 
formula D= – 3.99 – 0.07 (area C) + 0.04 
(DC max) + 0.07 (DC min), where c= area 
haversian canal, Dc max= maximum diameter 
haversian canal, Dc min= minimum diameter 
of the haversian canal, we can appreciate the 
origin of the bones (human or non-human). If 
D is positive, the bone is human, but if D is 
negative the bone is non-human (7, 8).

For teeth, with the help of the microscopic 
method, we can analyze the enamel prism pat-
terns. Macho, ann anat 2004 highlights three 
patterns: pattern I – insectivore, chiroptera,etc; 
pattern II – artiodactyles, Marsupials, Ro-
dents; pattern III: hominoids, carnivores, 
Pinnipeds (9).

The last method which helps us differentiate 
the human origin from the animal origin is the 
biomolecular one. This method includes genetic 
(DNa) and immunologic/ proteomic analysis. 
These two methods are both laborious, but they 
are very useful in estimating the origin of very 
small bones fragment. In applying this method, 
the proteomic immunologic analysis is most 
commonly used. The proteome is a set of pro-
teins produced in an organism, being species 
specific; it is not constant, it differs from cell 
to cell and changes over time. The genetic anal-
ysis has some disadvantages: more expensive, 
a high risk of contamination, increased degree 
of degradation of bone fragments and complex 
extraction method, which is more laborious (10).

DevelOpMent Of bIOlOgICal 
prOfIle 

Sex and ancestry are two fundamental pillars 
in constructing the biological profile, the two 
being interconnected. If ancestry is incorrect, 
then identification may be delayed. on the 
other hand, if sex is incorrect, the individual 
can remain unidentified. while DNa is widely 
used today and can provide chromosomal in-
formation about sex, the waiting time is very 
high, leading to the need for anthropological 
sex estimation. To date, there has been a lot of 
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new research in the estimation of gender and 
ancestry (11). Methods now exist that can com-
bine metric and nonmetric traits and glean more 
information into the underlying biological pro-
cess (11, 12). Further, through the collection of 
large subadult data sets, methodological ad-
vancements associated with the subadult bio-
logical profiles are being sought and it is now 
possible to confidently estimate sex from sub-
adults (13). with the advance of computer to-
mography (cT) machines and surface scanners, 
new data types, we are able to learn more about 
the underlying theory that informs practice. 

Sex estimation – implies identification and 
evaluation of different characteristics between 
male and female skeletons. These differences 
are mainly the result of the biomechanical func-
tions of the joints involved in locomotion (move-
ment, walking) and parturition (childbirth). The 
ability to differentiate male and female skeleton 
is due to sexual dimorphism or the expression 
of phenotypic differences between sexes of the 
same species. In forensic anthropology, the mor-
phological differences between men and women 
are the most useful for estimating gender.

The methods developed for sex estimation 
from skeletal remains are non-metric (macro-
scopic or visual) and metric analysis. each uses 
certain bones or general patterns depending on 
the degree and quality of sexual dimorphism in 
a certain bone or anatomical region. The met-
ric methods are, generally, the most objective, 
but in the context of sex estimation, visual 
analysis of the pelvis is the most accurate meth-
od. Methods involving dimensions of the vari-
ous long bones of the postcranial skeleton are 
usually the most accurate, followed by methods 
involving the skull (14).

Non-metric analysis for gender estimation 
involves a visual and qualitative evaluation of 
skeletal characteristics. This assessment involves 
observations on the degree of expression of 
certain traits or the determination of the pres-
ence or absence of a particular feature. Taking 
into account birth functions, the pelvis is the 
most dysmorphic skeletal region, meaning pel-
vis evaluation is the best and the most accurate 
method for gender estimation. Non-metric gen-
der evaluation based on the skull involves the 
analysis of the general shape and relative di-
mension of certain cranial and mandibular fea-
tures (15).

Recently, there is also an interest in detecting 
sex dimorphism in different bones from various 

skeletal populations. bones subjected to higher 
loading and stress (especially the femur and 
tibia) tend to grow in the cortical area. If these 
differences in loading and stress are greater 
between males and females, the bones may be 
more dysmorphic sexually in terms of cortical 
surface area and/or size of muscle attachments 
(16). It has also been shown that other bones 
and characteristics have a certain degree of 
sexual dimorphism and that they have utility in 
gender estimation. The cartilage calcification 
model (observed either directly or radiograph-
ically) shows sexual differences, females show-
ing a predominant central ossification pattern, 
while the male pattern is marginal. The accu-
racy of this method is age-dependent and may 
vary between populations (17, 18, 19).

Metric analysis in gender estimation implies 
measuring the maximum or minimum dimen-
sions or measurements based on osteological 
markers to obtain a quantitative assessment of 
the size and shape differences between sexes. 
Some metric methods involve evaluating a sin-
gle measurement or two-measurements index, 
while others, more complex, can combine mul-
tiple measurements in a single discriminant 
function analysis (14). among the most reliable 
metrics for sex estimation are the appreciation 
of the long bones dimensions of the postcra-
nial skeleton; the most used are the maximum 
diameter of the femoral head (20), diameter of 
femoral neck (21), diameter of humeral head 
(22). Metric methods for predicting the gender 
of the skull are generally considered less reli-
able than those based on the postcranial skel-
eton but are still widely applied and are useful 
in cases where postcranial elements are not 
available for analysis (23).

ancestry estimation
current anthropological studies focused on 

establishing race, no longer refer to this term, 
but to ethnicity; as the entire population of the 
globe presents a continuous genetic migration, 
there are no pure races remaining. Thus, the 
determination of ethnicity based on morpho-
logical features of human bones is now consid-
ered an important element of the identification 
process. Many features of the skull, such as 
nasal opening, zygomatic bones, jaw bones and 
teeth, have been used to determine the ancestry 
from human remains. with the permutations of 
different population groups in the modern pop-
ulation, the problem of ethnic anthropological 
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determination becomes more difficult, requir-
ing new research in this area of expertise (24).

For instance, a team of anthropologists from 
Portugal, developed a computer software (an-
cesTrees) used to correctly identify 75% of 
africans and europeans out of 128 adult crania 
in the first analysis test ancesTrees relies on a 
machine learning ensemble algorithm (ancestry 
estimation with randomized decision trees – 
random forest), to classify the human skull 
based on metric data for estimation of ethnic-
ity. The database used in ancesTrees is com-
posed by 23 craniometric variables from 1,734 
individuals, representative of six major ances-
tral groups (25).

age at death – estimation 

estimation of age at the time of death for 
human remains is divided into two broad cat-
egories: estimation of age at the time of death 
in subadults / immatures and estimation of age 
in adults. 

a. age estimation at immatures 
In the analysis of skeletal remains, age esti-

mation in immature individuals is a common 
and important aspect in the modern practice of 
forensic anthropology, which leads to a correct 
identification. when teeth are present, they 
provide the most accurate and reliable data for 
age estimation. 

The usage of teeth in estimating age in the 
immature skeletons involves their development, 
appearance and eruption, antemortem loss of 
deciduous teeth and root resorption (26, 27). 
Numerous studies have documented aspects of 
population variations in tooth formation. The 
most commonly used at present is the London 
atlas method (28, 29). 

Undoubtedly, there are other sources of age 
estimation like bone growth and its develop-
ment. For older children and adolescents, the 
extent of bone union and the development of 
epiphysis and union is helpful. In addition, the 
process of epiphyseal union is gradually ranging 
from initial points of union to complete union 
and obliteration of epiphyseal line (30).

estimating age in immature individuals 
should always use a complete approach. while 
a variety of methods are valid, focus should be 
on the formation of teeth especially because all 
development systems are in close collaboration 
with chronological age. Numerous studies have 
been published to provide specific population 

data, but again, not all populations have this 
data, Romania being one of them.

b. age estimation in adults
Literature classifies adults in 4 categories: 

immature adults (18-21 years) to which age 
estimation is still based on dental formation and 
epiphyseal fusion; young adults (<40), mature 
adults (40-60 years) and old adults (>65 years). 
also, the age is classified in chronological and 
biological. chronological age is the number of 
years from birth, while the biological age is 
determined by physical factors related to the 
development and degeneration of the body. The 
two are correlated but do not always coincide. 
The observable major changes of the aging pro-
cess exist and are defined as general markers 
such as: osteoporosis, degeneration of the joint 
surfaces, osteophytes; they are influenced by nu-
trition, pathological conditions and individual 
variability. Physical anthropology has established 
several methods of estimating age at death: 
macroscopic, microscopic and biomolecular. 

Macroscopic methods are among the most 
important and consist mainly in the assessment 
of the degree of degeneration of selected joints 
such as pubic symphysis (Suchey-brooks meth-
od) (31), osteochondral surface of the fourth rib 
(Iscan method) (32, 33) and the articular sur-
face of the iliac bone (Lovejoy method) (34). 
also, macroscopic tooth changes are relevant, 
based on the translucency of dentin which in-
creases with age. The Lamendin test is considered 
by the literature as the most accurate method 
for estimating age, especially for mature adults 
(40-60 years) (35, 36).

Microscopic methods reside in the applica-
bility of histology, especially since bone remod-
eling is more intense in the modern population. 
This method consists in analyzing bone frag-
ments and assessing the number of secondary 
osteons, fragments of osteons and primary ones, 
with applicability to the diaphysis of the femur, 
tibia and peroneum. Subsequently, the results 
are inputted into regression formulas (37). of 
course, this method must be tested on several 
populations, for younger age, to have a database 
for comparison.

biomolecular methods consist, mainly, of 
genetic ones. Recent studies have shown that 
DNa degrades proportional to age, with dele-
tions and mutations in the mitochondrial DNa 
(baccino, 2001) and the dental pulp provides 
information about the length of the telomere. 
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In the latest studies, the question is whether 
DNa methylation causes aging or aging causes 
methylation, which is a subject to be debated 
in the future (38). Finally, research on the 
amino acid racemization persists, not only on 
teeth but also on bone. although this method 
seems to be the most promising because of its 
small range of error, many researchers have 
commented on the difficulty of interlaboratory 
reproducibility of the same technique (39).

Stature estimation 
In the concepts of forensic anthropology, the 

stature presents three types: reported stature, 
recorded stature and reconstructed stature. The 
reported stature is provided by relatives, wit-
nesses, and the perception is individual, being 
subjective. Registered stature is taken from le-
gal and medical records. Reconstructed stature 
results from the measurements of the bones of 
individuals and correlates with true stature. In 
this context, it must be remembered that the 
dry bone is 2 cm shorter than fresh bone, and 
a fresh corpse measures 2 cm more than the 
living person (40).

Stature is an important component of the 
biological profile. There are two valid tech-
niques for estimating it in adults: “mathemat-
ical” and “anatomical” (41, 42). The mathe-
matical method uses regression formulas based 
on the correlation of individual skeleton ele-
ments with living people. The anatomical meth-
od involves the reconstruction of the stature of 
an adult through measurements and the addition 
of the lengths / heights of a series of skeletal 
elements from the skull to the foot. The best-
known method, Fully’s anatomical method was 
developed using samples of european adult 
males. The method measures the individual 
skeletal elements and includes soft tissue cor-
rection factors to be added to the height of the 
calculated skeleton to obtain a final estimate of 
the status of the living person. however, it has 
been demonstrated over time that this method 
offers underdeveloped statues because the soft 
tissue correction factor is very high (10.5-11.5 
cm), which implies that it is not a very useful 
method (43, 44).

Recently, hayashi et al. examined 38 amer-
ican men, suggesting changes to the anatomical 
method and providing new regression formulas 

for stature. In calculating the skeleton height, 
the authors suggest that measurements should 
be made only on elements that contribute di-
rectly to the height. So they reported that the 
posterior vertebral heights give the most ac-
curate estimates of stature (45).

Summarizing, in the context of forensic an-
thropology, it is not a matter of “determination” 
but of “estimation” because it will never be 
possible to determine exactly the age, sex, stat-
ure or ethnicity. In the creation of the biologi-
cal profile, it is always as a matter of order, one 
must first estimate sex, age and ethnicity and 
only after, the stature. The right definitions 
must always be kept in mind, the closest and 
most correct regression equation should be 
chosen, possible anomalies should always be 
considered as their presence may alter certain 
results.

coNcLUSioNS
In conclusion, regarding the creation of the 

biological profile, a future objective for the 
anthropologist community would be the crea-
tion of working groups so as to coordinate all 
the research, apply the traditional methods on 
different populations, all this leading to the 
centralization of the results and their publica-
tion in a homogeneous and coherent manner. 

Many countries do not have access to human 
bones collections and this is both necessary and 
compulsory to understand underlined theories 
and methods. In the current context, modern 
bone and teeth collections are required with a 
rigorous update of reference populations

Forensic identification involves the growth 
and development of anthropology, because what 
the anthropologist does with his hand cannot 
be substituted 100% by modern equipment. an-
other reason for the need to develop forensic 
anthropology is that bones provide all the nec-
essary information to identify an individual as 
long as they are properly and rigorously ana-
lyzed. It is necessary to maximize interdisci-
plinary collaboration, because forensic identi-
fication implies a series of methods, arranged 
in the order of their importance in providing 
useful data: macroscopic, imagistic, histological, 
chemical, genetic, biomechanical and mathe-
matical analysis.
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