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Abstract
The forensic investigation of unidentified bodies is common in expert practice. Given the various changes that occur with biological human characteristics after 
death, it is not uncommon for this task to challenge the forensic doctor. The requirement for a forensic practitioner is to provide the most accurate guidelines for the 
investigation to identify the person.

Determining the individual calender age at the time of death involves the use of a variety of biochemical, morphological and histological techniques. Dental age 
estimation is one of the possible approaches towards that task and the scientific literature provides a wealth of sources of information on a variety of methods, their 
technical implementation, and the underlying mechanisms.

Only when the circle of suspected identities is narrowed, it is possible to proceed to identity verification by DNA-analysis. This is the reason why various techniques 
and methods for dental age estimation have been researched through the years and the following review aims in presenting a concise summary of some of the more 
significant ones. 

Introduction
The forensic investigation of unidentified bodies is common in 

expert practice. Given the various changes that occur with biological 
human characteristics after death, it is not uncommon for this task to 
challenge the forensic doctor. The requirement for a forensic practitioner 
is to provide the most accurate guidelines for the investigation to 
identify the person.

In a number of cases of found unidentified deceased, facial 
recognition is impossible, given the stage of decomposition or the 
circumstances in which the body has been retrieved (fire, water, etc.). In 
such cases, it is necessary to apply scientific methods in order to obtain 
the most precise and accurate information.

In the forensic practice, the most widely proven scientific method 
for identification is DNA analysis. A sample of the deceased taken 
during their forensic examination is tested promptly with samples of 
suspected relatives of the deceased to establish a kinship relationship. 
In order to maximize the effectiveness of the analysis and to minimize 
the financial burden, it is necessary to narrow down the circle of 
suppositions for which a test is to be carried out. It is precisely the range 
of scientific methods used to narrow the circle of alleged identities of 
the unknown deceased, that are a challenge to the forensic scientist. 
At present, the methods used aim at determining anthropometric and 
biological characteristics. It is imperative that sex, height, race and 
calendar age are determined in each case. The latter are determined by 
purposeful research, comparison and interpretation of the results at the 
macroscopic level. Only then, when the circle of suspected identities 
is narrowed, it is possible to proceed to identity verification by DNA-
analysis.

Historical background 
Determining the individual calender age at the time of death 

involves the use of a variety of biochemical, morphological and 
histological techniques. According to the "Recommendations for 
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Age and Sex Diagnostics of Skeletons" [1], the determination of the 
individual calendar age includes the stages of dental development, 
the epiphysic saturation status, the status of ossification centers, the 
obliteration of the cranial suturi, the condition of the pubic symphysis 
surface and the anatomical features of the femur head [2]. Rösing et al. 
also explore and attach importance to mineralization and tooth growth 
in adolescents by producing some useful standards in determining 
the calendar age of skeletons. Other authors attribute importance to 
some more advanced techniques such as, for example, racemization 
of aspartic acid, number of layers of dental cement, and evaluation of 
histological features of the bones [3].

The use of dental status in forensic practice dates back more than 
180 years ago when the growth of teeth was used in relation to child 
labor. 

Saunders's suggestion raises the question of the relevance of 
gingival mumps and dental development in determining the calendar 
age. The problem of decimating the environmental factors, as well as 
the hereditary ones, gives rise to discussions. There is a consistently 
poor relationship between dental formation and factors such as social 
status, diet and growth and body development [4]. Demirjian's research 
concludes that dental development has no significant relationship to 
maturity indicators, menarche, height growth or skeletal maturity [5]. 
These results predict that the mechanisms that regulate dental growth 
and development are independent on common growth mechanisms 
and are closely related to the age of the patient. In addition, tooth 
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formation is affected much less by malnutrition, endocrinopathies, 
and other pathological conditions than any other tissue in the human 
body. This circumstance was discussed in the study of adolescents with 
severe abnormalities affecting sexual maturation and bone age but 
demonstrating a weak to a missing effect on dental development [6].

On the other hand, it is known that bone age is influenced by 
nutrition factors [7]. The bone age of abnormally developed individuals, 
determined primarily by bone marrow examination and bone size, is 
a valuable marker for changes and growth defects when comparing 
dental and chronological age. In general, the condition of the skeleton 
helps determine the individual physiological age. Dental age, which 
is determined by hard dental tissue, is more closely related to the 
individual calender age [8].

Time periods of dental development are inherited, but 
also population-specific. Clearly staggered stages differ in their 
manifestations for different nationalities [9]. Compared to the 
formation (which involves the formation of an organic matrix and 
subsequent calcification), teeth eruption seems less resistant to external 
factors. It is known that dental growth can be affected by tooth decay, 
caries and malnutrition [10].

Another characteristic, besides the stable formation mechanisms, 
which determines the significant role of teeth in determining age at 
the time of death is the extreme strength and endurance of the dental 
rigid tissue. Often, in cases of decomposition, the only structures fit 
for examination are the teeth. This is due to the much lower degree 
of their environmental damage - animals, humidity, microbial activity, 
mechanical forces and high temperatures. It has been successfully 
demonstrated that even cremated teeth provide sufficient material for a 
fairly accurate determination of the calendar age [11]. In addition, there 
are a number of methods applicable even in the case of preserving a 
single tooth. This provides the opportunity to determine the individual 
calendar age with minimum deviations [12].

Principles of determination of dental age

The scientific literature provides a wealth of sources of information 
on a variety of methods, their technical implementation, and the 
underlying mechanisms. Dental age can be determined by growth 
features such as mineralization, gingival clinging, quantum cementation, 
or narrowing of the pulp space. Degenerative changes such as tooth 
attrition or periodontal involution are also related to calendar age. In 
addition, a variety of other parameters - fluorescence intensity, dentin 
density, racemization of aspartic acid or dentinal sclerosis - help assess 
the age-related changes in dental tissue and can be used to determine 
human calender age. The basic principles of age-setting, as well as some 
age-dependent changes in human teeth, will be discussed.

Degree of tooth formation

Dental formation is a complex process that begins with structural 
reorganization and a change in the embryonic cell phenotype. 
Deciduous teeth begin their development during the 6th to 8th weeks 
of gestation; permanent teeth - about the 20th week of gestation [13]. 
When determining the dental age, the term "tooth formation" generally 
refers to the mineralization of the dental rigid tissue rather than the 
non-mineralization stages of tooth growth. The reason behind this 
is probably the possibility of the mineralized tissue being examined 
radiologically, as well as its resistance to decomposition [14].

Literature data on dental time periods are based on radiological, 
histological and morphological studies. In the 1970s. Calonius develops 

and publishes histological criteria that allow the determination of the 
calendar age from 7 weeks of gestation to 3 years of age. These criteria 
include bone, salivary and dental formation characteristics [15].

Data published by Schour and Massler in 1941. represent 22 stages 
of dental development from 5 months of intrauterine life up to 35 years 
[16]. The Schour and Massler tables have become a classic example of 
the commonly used atlas approach.

In 1988, Kahl and Schwarze process the data of Schour and Massler 
and show a slowdown in the development of the permanent dentition 
among the selected cohort group used in their studies [17].

Another scientific study led to the reworking of the Schour and 
Massler diagrams was conducted by Ubelaker in 1978, which developed 
diagrams based on his Indian studies. These diagrams are included in 
the "Recommendations for Age and Sex Diagnoses of Skeletons" in 
1980 [18].

In 1955, Gleiser and Hunt detail the stages of calcification of the 
first mandibular molar after performing radiographic and follow-up 
studies in this area [19].

Another example of an atlas approach is that of Gustafson and 
Koch, which is based on the mineralization initiation, the completed 
crown development, the eruption of the tooth and the completion of 
root development.

In his study Demirjian distinguishes between 4 stages of crown 
development and 4 of the roots, which are based on their species in 
radiological research. This method uses a point system to form 7 (or 4) 
mandibular tooth. Each stage corresponds to a specific tooth result. The 
collection of all results reflects the Dental Maturity Score. The authors 
also develop a percentage distribution that determines the individual 
calendar age [20].

The third molars are the most varied teeth of their anatomical 
features, the agenesis and the age of eruption. Determining the age for 
forensic practice using third-molar development studies is used in the 
age range 14-21 when all other teeth have completed their formation. 
According to the recommendations of the Study Group on Forensic 
Age Diagnostics, the Demirjian method has the greatest predictive and 
practical value [21]. His method has the advantage that the stages of 
development are clearly defined, according to radiographs, diagrams 
and written criteria.

In 2004, Ozle published a detailed study of the ethnic differences 
in third molar mineralization, based on an analysis of over 3,000 
conventional orthopanthomograms. It has been demonstrated that 
Japanese, German and South African individuals differ by up to 7 
years, compared to Demirjian's decimated stages. For this reason, the 
authors believe that it is imperative to use population-specific research 
to determine the individual calendar age for optimal reproducibility 
and credibility [22].

Speed of formation of dental crown structures

The time intervals that take the formation of some characteristic 
of dental crown structures may be applied when determining the 
calendar age. The most commonly used examination technique 
is microscopic histological evaluation. In one of his scientific 
publications, Boyde is of the opinion that age can be determined by 
the number of prisms of the transverse stretch [23]. An alternative 
tooth feature that can be found on the crown is the lines of Recius 
(brown striations of Recius) that are established between the enamel-
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dentinal junction in the occlusal direction. The neonatal line, which 
represents the borderline between pre- and postnatally formed enamel 
(and dentin), is often used to determine the calendar age at the time 
of death. This characteristic is the first distinct brown line of Recius 
and is found in deciduous teeth as well as in the permanent first molar. 
It is assumed that its appearance is the result of a metabolic disorder 
occurring during pregnancy [24]. This feature, along with the total 
number of transitions, allows the determination of the calendar age at 
the time of death. The perikimate, a small visible line on the surface of 
the enamel, is the surface appearance of the Recius lines along the tooth 
circumference. A study was conducted using only the characteristics of 
the perikimate [25], where the authors applied the intervals for their 
formation in modern humans to determine the calendar age of the 
hominids.

3.3. Changes of the pulp-dentinal complex associated with age

Dentin, unlike the enamel, continuously forms additional tissue. 
Secondary dentin is formed physiologically and is a slow process, 
expressed in cell growth in pulpal space. The formation of secondary 
dentin begins after dentinogenesis [26]. There is little difference between 
primary and secondary dentin, which can be detected by coloring, 
microengraphy or polarization microscopy [27]. Prolonged formation 
of secondary dentin is considered to be the result of masticatory stress 
as well as temperature amplitudes [28]. Bodecker first found that the 
accumulation of secondary dentine was associated with calendar age 
[29]. The accumulation of secondary dentine leads to a significant 
reduction in pulp space and may contribute to the obliteration of the 
root canal. In this regard, Gustafson introduces the linear measurement 
of secondary dentine as one of his 6 criteria for the determination of 
the calendar age.

Some authors direct their studies to determine the pulp / tooth ratio 
in orthopanthomograms and periapical X-rays [30]. Another research 
approach involves the combined analysis of labiolingual and mesial 
periapical X-rays of lower and upper canine teeth of skeletal corpses 
[31].

Dentin sclerosis (root transparency) is another indicator of the 
pulpodentine complex that was first described by Tomes in 1861. This 
characteristic undergoes significant changes in the course of aging, but 
is also a form of protective response to caries, wiping and medication 
treatment [32].

Transparency of root dentin was first used in the 1950s. by 
Gustafson, as one of the 6 criteria proposed by him [33].

Using other research approaches, some authors attempt to assess the 
degree of translucency of root dentin by computerized densitometric 
analysis. The technique aims at avoiding the most common problem 
with the distinction between opaque and transparent dentin, both in 
histological sections and in whole teeth. The results do not justify the 
conclusion that computer analysis has an advantage [34].

The Lamendin method is another technique that is based on the 
application of dentinal transparency for the purposes of determining 
the individual's calendar age. Lamendin presents a single tooth age 
approach using the degree of paradontosis and root transparency 
[35]. The method demonstrates satisfactory results, as well as a 
correlation between gender and the result obtained. Although the 
Lamendin method demonstrates some degree of subjectivity due to 
the inaccurately differentiated boundary between transparent and 
opaque dentine, it provides a practical possibility of setting a calendar 
age [36].

Quantitative assessment of tooth cement changes with age

Cement is a rigid tooth tissue with a mineralized organic matrix that 
forms points for connecting the periodontal fibers that attach the tooth 
to the alveolar bone. The cement of human tooth roots does not undergo 
prolonged physiological remodeling, like bones. The linear structure is 
conditioned by structural differences in the mineral phase - an optical 
phenomenon most likely due to a changed orientation of the mineral 
crystals - and reflects the cyclical annual accumulation [37]. A pair 
of bright and dark lines should reflect one calendar year of individual 
life. If the number of cement rings is added to the peculiarities of the 
erupting tooth, it is possible to determine the individual calendar age.

Gustafson introduced the use of tooth cement as a characteristic for 
the determination of the calendar age [33], and Zander and Hurzeler 
first described a relationship between cement growth and calendar age 
[38].

Grading of cement layers is currently assessed as a "second line", 
after racemization of aspartic acid, when determining the age [39]. Due 
to the fact that the nature of the mechanism by which the cement layers 
are formed is not fully understood, there is a need to carry out further 
research in this regard.

Age-related tooth color changes

It is common knowledge that the teeth change color with the 
years, showing yellowish and brownish shades. Progressive staining 
is due to the degradation of organic constituents of dental rigid 
tissue, the accumulation of external substances in enamel and dentin, 
mineralization and related changes in the refractive index [40]. The 
problem of objective assessment of the color of the teeth has not yet 
been resolved. In addition, the question of the discoloration of the root 
of the teeth and their resistance to external influences is unclear.

Changes in chemical composition of teeth with age
A chemical element which content increases with age is nitrogen. 

The widespread conception explains this change with the accumulation 
of a pigment that changes the color of the older teeth [41].

Another change in the chemical composition of dental tissue that 
is useful in determining the age of the patient is the racemization of 
aspartic acid. In the living organism, the proteins are mainly composed 
of the L-isomer of the amino acids that polarize the light to the left. Only 
certain molecules are physiologically synthesized with the D-isomer 
of the amino acids that polarize light to the right. Changing the L- to 
D-isomer (racemization) of amino acids occurs both in life and after 
death. Racemization is influenced by environmental factors such as pH, 
humidity, etc. this process can be detected with metabolically inactive 
or bradythrophic tissues such as teeth. The racemisation of aspartic acid 
is also used in the study of tissue changes as a secondary phenomenon 
[42].

Density of teeth and its relation to the calendar age

A number of scientific studies address the issue of changing the 
density of human teeth and its attitude towards the calendar age. 
Shikano finds that the incidence of incisors increases with age [43].

In his study, Heuschkel estimates the density of 130 teeth by a 
pycnometer. Remaining moisture was not removed, but the pulp cavity 
was pierced, and the tooth was sifted into components (crown, root, and 
middle part). The analysis does not focus on the individual components 
of the teeth. A standard deviation between 0.123 and 0.131 was found, 
with no significant evidence of age relative to the age [44].
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Rheinwald examines the relative density of the enamel by the 
pycnometer method. The crowns were manually removed from the 
roots by carving, and the results clearly showed an increase in density 
with age. This trend, observed in both dentine and enamel, is a direct 
consequence of age-related changes in mineral composition and tooth 
structure [45].

3.8. Epidemiological criteria for assessing the morphological 
characteristics of human teeth.

An example of an epidemiological criterion for determining 
the age is the DMFT index. The index quantifies the severity of the 
carious changes and their effects in the population. It is a function of 
the carious (D), missing (M) and obtuse (F) permanent teeth (T) in 
the individual (National Dental Epidemiology Program for England, 
2016). Friedrich examined orthopanthomograms of patients aged 14-
24 years in order to derive a result on the applicability of obtunded 
wisdom teeth in the determination of the calendar age. The values for 
"carious", "obtuse", "carious and obtuse" and "no changes" are detailed 
and statistically processed. Most wisdom teeth in the cohort group do 
not show either carious changes or obturations. However, the authors 
establish a correlation between obtrusive wisdom teeth and a calendar 
age over 18 years [46].

The DMFT epidemiological index can be used for guidance but is 
not particularly relevant in determining the age of the individual due to 
individual differences, diet and effectiveness of caries prophylaxis for 
the respective population.

Attrition as a criterion when setting a calendar age

Attrition is the most prominent evidence of the effect of calendar 
age on the human dentition – the loss of dental material on incisal 
edges and occlusal surfaces. Attrition is not only a consequence of 
the prolonged action of masticatory forces, it is also associated with 
dental hygiene, dysangia, bruxism and eating habits. In modern people, 
deletion is a slow process, so its applicability as the sole criterion for 
determining age is limited. For this reason it is only possible to use it 
in the context of anthropological material research. The morphology 
of erasure is assessed by examining the incisal and occlusal tooth 
surface by applying a corresponding method to determine the specific 
calender age. Most methods used to quantify attrition are based on 
relative subjectivity, so the results show a significantly broad range of 
age. It is advisable, if possible, to avoid the use of dental attrition as the 
sole criterion for determining age. The optimal use of dental attrition 
involves evaluating other factors in order to achieve the most reliable 
results [47].

Combined methods

In order to determine the calendar age in cross sections, Gustafson 
combines six age-dependent variables (attrition, periodontal binding, 
secondary dentine, cement accumulation, root resorption and root 
dentinal transparency) [33]. The mor[phological appearance of each of 
the variables allows its identification with a coefficient of 0 to 3. The 
aggregate result determines the age with the Gustafson linear regression 
equation, which should be applicable to each type of tooth.

Another scientific approach was introduced by Johanson in 
1971, which implements a new system for attributing coefficients to 
Gustafson's original technique. In addition, he developed a number of 
linear regression equations and found that the root dentin translucency 
was most dependent on the calendar age, followed by the secondary 
dentin.

Conclusion
Research within the mechanisms of dental change and the onset 

of various age-dependant alternations would be of great importance to 
the initial distinguishing forensic medical expertise. The application of 
such methods for the purpose of identification of unknown deceased 
would be of upmost aid to the forensic specialist and would lead to 
narrowing the number of supposed missing persons.

Given the current state of fund raising and budget distribution 
among the sectors of health care, the development of accurate models 
and methods for age estimation at a minimum cost is crucial. The 
discussed methods given their practical approach are a solid foundation 
for the onset of determining age during forensic medical examination 
of deceased with unknown identity.
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