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D
ental anthropology is a sub discipline of phys-

ical anthropology, and dealing with dental

anthropology involves the analysis of teeth

and jaws. In 1542, Andreas Vezalius noted that the teeth

are very different from the bones in their biological

properties and function, and today it is clear that they

cannot be generally viewed as parts of the skeleton in

a narrow sense1. The teeth, as a separate component of

the skeleton and body, possess certain anatomical and

physiological characteristics that are very important

for researchers. Hard dental tissues (cementum, den-

tine and enamel) are compact and could be well pre-

served in the soil, while the enamel itself has a feature

that remains unchanged over time and it is resistant to

taphonomic changes. Teeth are the only part of the

skeleton which is influenced by the physiological and

metabolic processes in the body, while at the same

time are also under the influence of the environment.

We should not underestimate the importance of the

genetic component and its impact on the teeth, or the

fact that teeth evolve slowly, allowing us to easily

compare archaeological data with recent dental mate-

rials2. All these facts make teeth an important source of

information, and dental anthropology, a discipline sig-

nificant in the study of ancient populations.
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Abstract. – Tooth cementum annulation, the microscopic method for the determination of an individual’s age, gives results 

that are highly correlated with the chronological age of an individual. Nevertheless, this method is still rarely used for age 

estimation in archaeological populations. In this study, using the tooth cementum annulation method, teeth of 21 individuals 

of the Djerdap anthropological series, dated to a period from the 10th to the 6th millennium BC, were analysed. The obtained data

are important for overcoming some methodological issues in anthropology of the Danube Gorges, as well as with the precise age 

estimation of old individuals and with the assessment of age in cases where the skeletal material has been very poorly preserved.

The only obstacle to the full application of the tooth cementum annulation method is the taphonomy changes of tooth cementum

which were detected on several teeth in this study.
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An important issue when it comes to palaeodemo-

graphic analysis is the reconstruction of patterns of

aging and mortality in the past. The reliability of the

reconstruction of these patterns depends on the accuracy

of individual age estimations. For decades, physical

anthropologists and palaeodemographers have tried to

improve this method. The importance of such studies

is emphasised in the new approach to palaeodemo-

graphic analysis described by Hoppa and Vaupel 3. The

main problem in almost all macroscopic methods for

age estimation is the accuracy of the method itself 4.

Age estimation errors occur when the skeleton is ob-

served macroscopically and only biological changes are

visible which often do not correspond to individual’s

actual chronological age. Due to the high variability in

the correlation of the biological and chronological age

in one individual, the age estimation error can be up to

7 years5. This error increases in older individuals, as

do our methodological problems. It is clear that there

is a need for a method for age estimation that is less

susceptible to continuous changes in the skeletons that

can not be quantified and that increase with the age of

the individual.

Recent research has shown that a solution could be

found in an alternative method for the determination of

an individual’s age based on counting the incremental

lines in tooth cementum. These lines (lines of annual

layering of dental cementum) may be a more stable

indicator of an individual’s age in comparison with any

morphological or histological characteristics of the

skeleton and offer a microscopic method for the deter-

mination of tooth cementum annulation (TCA). The

method relies on the counting of incremental lines on

cross sections of the root, about – 80 mm thick, under

a microscope with a magnification of 400 x.

The accurate age estimation of individuals from

ancient populations is of great importance for palaeo-

demographic research in archaeology and anthropology.

The goal of this paper is to demonstrate the advantages

of the TCA method for such purposes. In addition, the

further aim of this paper is to test the “readability” of

incremental lines and the consistency of this method

for the age determination of a sample of teeth from 21

individuals from the Djerdap anthropological series.

The \erdap anthropological series includes over 500

funerals, with about 600 individuals excavated at the

12 locations of the Lepenski Vir culture6. Sites which

were inhabited from the 10th to the 6th millennium BC,

were found and investigated on both sides of the

Danube.

APPLICATION OF TOOTH CEMENTUM 
ANNULATION IN AGE ESTIMATION

Tooth cementum annulation is a microscopic

method for the determination of an individual’s age

based on the analysis of the acellular extrinsic fibrous

cementum (AEFC). This type of dental cementum, as

compared to the other four types, is located at the cer-

vical third of each root of deciduous or permanent teeth

and allows the tooth to be anchored into the alveolar

cavity. All the while surrounded and provided with

nutritionally intact desmodontium, AEFC is subject to

the additional growth that is reflected in histological

samples by equal, alternating light and dark rings.

Depending on the individual’s age, the thickness of

AEFC ranges from 20 to 250 mm. Alternating light and

dark rings are subject to seasonal rhythms, which most

likely occur under the influence of several factors such

as a dose of UV-radiation, climatic conditions, different

qualities of diet and the hormonal status of the indi-

vidual. A pair of one dark and one light ring constitutes

an incremental line. Seasonality in the rhythm of lay-

ering cementum lines has been seen in more than 50

different mammalian species worldwide, and it was con-

cluded that it occurs as a result of a natural metabolic

rhythm induced by seasonal changes7. These research

has shown that the metabolism of the parat hormone

has a major role in the formation of incremental lines,

and is responsible for regulating levels of calcium in

the blood’s interaction with vitamin D, which in turn re-

gulates calcium absorption. The interaction of hormones

and vitamins, driven by a complex mechanism of exter-

nal physical and chemical factors, leads to the formation

of this circular annual rate in the root of a tooth8. 

The use of cementum in the determination of age

in humans begins with the measuring of the total width

of the layer of cementum before the lines are counted9.

In the early eighties, studies conducted on three human

teeth10 showed that the method of tooth cementum
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8 Gustafson 1950.
9 Stott et al. 1982.
10 Naylor et al. 1985.
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annulation could be applied to the determination of age

in humans, as previously applied in other mammals11.

Further technical improvements have led to the method

of tooth cementum annulation being accepted as a more

advanced method compared to others which have used

teeth to determine an individual’s age. So today, the

method is based on counting the incremental lines, this

number is then added to the number of years in which

the observed tooth erupts, and the result is a calendar

age of the observed individual.

Initially, the method was applied only to freshly

extracted teeth, but since the late eighties it has been

implemented to determine the age of individuals from

historical and archaeological skeletal series, with equal

success in both the inhumed and the cremated12. This

research has also clarified the fact that the number of

incremental lines remains fixed, even in circumstances

when other characteristics of incremental lines change

(eg, width and degree of mineralization13) due to the

impact of environmental or physiological disorders. For

these reasons, the method of tooth cementum annulation

has recently been considered one of the most accurate

techniques for the determination of age in the skeletal

material of adult individuals14. In younger individuals,

analyses of the microstructure of enamel and dentin

have achieved even greater precision in estimating the

chronological age, sometimes with accuracy to within

days15. However, there are still problems that prevent

the full implementation of the tooth cementum annula-

tion method. One such problem is that previous studies

were done on small samples, which limited the estab-

lishment of a good statistical method for processing

results obtained by the tooth cementum annulation

method in palaeodemographic and forensic studies. In

addition, it has still not clarified the issue of the impact

of dental, especially periodontal, diseases on the accu-

racy of the method. Some researchers claim that perio-

dontal diseases do not affect the number of lines of

cementum16, while others say that pathology reduce,

or completely prevent the formation of incremental

lines in tooth cementum17.

MATERIALS AND METHODS

Dental samples in this study come from the Meso-

lithic and the Neolithic sites in the Danube Gorges

(Lepenski Vir, Vlasac, Padina, Hajdu~ka vodenica) and

date back to the period from the 10th to the 6th millen-

nium BC. In a survey conducted by the author at the

Faculty of Biology, in the Ludwig Maksimilianus

University in Munich, 24 tooth roots were analysed

from 21 individuals from the Danube Gorges’ anthro-

pological series (Table 1). In this sample, three indivi-

duals came from new excavations at the site of Vlasac.

For most individuals one tooth was extracted (except in

the case of individuals from Vlascac burials 17 and 29

and burial number 88 from Lepenski Vir where two teeth

were extracted). After extraction, a selection was made
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14 Wittwer-Backofen, Buba 2002.
15 Antoine et al. 2000.
16 Gro{kopf et al. 1996
17 Kagerer, Grupe 2001.

Table 1. The structure of the sample

Tabela 1. Struktura uzorka

Site Grave Tooth

Lepenski Vir 20 44

Lepenski Vir 60 14

Lepenski Vir 64 34

Lepenski Vir 88 14, 15

Vlasac 2 15

Vlasac 9 25

Vlasac 17 24, 25

Vlasac 29 24, 44

Vlasac 41 34

Vlasac 55 45

Vlasac 67 15

Vlasac 79 34

Vlasac U–53 PM

Vlasac U–232 34

Vlasac U–267 23

Padina 6 14

Padina 15 35

Padina 16 35

Padina 30 25

Hajdu~ka Vodenica 13 14

Hajdu~ka Vodenica 33 PM
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based on the type of tooth, and the sample examined in

this study consisted only of permanent premolars from

the upper and lower jaws.

All teeth are completely submerged in biodur pitch

(compared to the protocol of making a resin mixture of

100 ml biodur: 28 ml E7 hardener resin for 20 doses,

Gunther von Hagens). Depending on the preservation

of the roots, between 4 and 10 cross-cut sections of

each root were prepared for analysis. Each of them was

between 70 mm and 80 mm thick. The teeth were cut in

a direction towards the apex of the root by a rotating

diamond blade (Leitz 1600). Each cross section was

analysed under a transmitted light microscope (Zeiss

Axioskop 2 plus, Zeiss / Jena, equipped with a CCD

camera AxioCam MRC colour and Axio Vision Release

4.3 software) with a 400 x magnification. Incremental

lines were counted on digital photos, which were further

processed with Adobe Photoshop 8.0.1. Up to 10 shots

were taken for each root cross section.

In the next stage of analysis, incremental lines were

counted three times on each photo by the observer. The

individual’s age was determined on the basis of the

following three criteria: the mean value of the number

of incremental lines, the maximum number and the most

frequent number of incremental lines. The criterion for

counting incremental lines is to count only those parts of

the sections where the lines are equal, with a clear con-

trast between light and dark rings, which have as little

micro bacterial decomposition and erosion as possible

and avoiding those parts of cross sections with visible

traces of the cuts of the diamond blade, etc.

RESULTS

Out of the 24 analysed teeth, at least 17 had one

readable segment from any of the ten transverse slices

(Table 2, Fig. 1). For the remaining 7 teeth, it was not
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Fig. 1. A segment with clear incremental lines, 
Padina 16
Fig. 2. Pits in the dental cementum, 
Hajdu~ka Vodenica 33
Fig. 3. Longitudinal cracks dental cementum, 
Vlasac 2

Sl. 1. Segment sa jasnim inkrementnim linijama,
Padina 16
Sl. 2. [upqine u zubnom cementu, 
Hajdu~ka vodenica 33
Sl. 3. Uzdu`na pukotina zubnog cementa, 
Vlasac 2
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possible to see a segment that showed continuously

visible incremental lines from the cementum and

dentin circuit to the edge of the root. For each of these

seven tooth roots, cross sections displayed very weak

lines, outlines or segments where lines were intersect-

ed by pits (Fig. 2) and vertical or horizontal cracks

(Fig. 3). In two cases the incision edges were parallel

to the incremental lines so that the lines appeared to be

“unreadable” (Fig. 4). In addition to the described phe-

nomenon, and due to the secondary mineralisation that

affected a portion of the sample, the clarity of incre-

mental lines in some slices of teeth made analysis diffi-

cult. The appearance of secondary mineralisation was

expected in the case of skeletal material dating from

the Mesolithic period. The consequences of this process

on the readability of the number of incremental lines

are reflected in the fact that it reduces the number of

visible lines, i.e. it seems that two to three lines were

grouped into one (Fig. 5). However, unresolved factors

that influence the development process of secondary

mineralisation are yet to be discovered.

The presence of hypercementosis, periodontal dis-

ease or the degree of wear of the tooth crowns were not

indicators upon which we decided to exclude some teeth

from the analysis. The results showed that the presence

of dental pathology and crown wear did not affect the

readability of the incremental lines in this sample.

More than one readable segment was available for

13 out of 17 teeth. The comparison of the variation in the

number of incremental lines in the 13 samples showed

that in only two cases did samples provide an age

range of more than 20 years (the level of uncertainty in

the process of estimating the age was similar to that

obtained using the standard macroscopic method).

DISCUSSION

In this research, a number of teeth were excluded

from further analysis (7 teeth representing a total of

29.1%) because the incremental lines in the cross sec-

tions had been affected by diagenetic processes in more

developed stages. Some sections were lacking visible

lines, on others, the lines were wavy and intersected by

pits and cracks (Fig. 2, Fig. 3) and moreover, there

were a number of sections with lines which were shaded,

Maximum No. 
of incremental lines

Mean No. 
of incremental lines

Most frequent No.
of incremental linesGrave

Table 2. Number of readable incremental lines from 17 teeth represented by 10 cross sections 

Tabela 2. Broj pro~itanih inkrementnih linija sa 17 zuba predstavqenih sa po 10 ise~aka

LV20 43 32 40

LV60 14 13 14

LV64 42 31 36

LV88 45 41 43

VL 2 22 21 22

VL29 17 16 17

VL41 42 37 40

VL55 40 37 40

VL67 19 18 19

VL79 61 50 42

VLU53 45 40 42

VLU232 18 15 12

VLU267 58 50 46

P16 40 34 34

P15 13 12 13

P30 27 24 24

HV13 35 31 34



or where the lines were affected by secondary mine-

ralisation (Fig. 5). Research in this area on the remains

from archaeological material also presents problems

relating to unreadable segments18. However, the deci-

sion as to whether a segment is “readable” or not, is

certainly subjective19. Thus, in the case of multiple

observers in the study conducted by Vitver-Bakofen et

al., a senior author excluded a total of 14.1% of the

teeth from their study, while another observer designa-

ted 22.3% of the teeth in the sample as unreadable. In

the study conducted by Roksandi} et al., the decision as

to which teeth were to be excluded from further analysis

was made by the senior author on the basis of the clarity

and continuity of incremental lines at each cross sec-

tion20. In the aforementioned study, counting was carried

out only by the author and only on the sections where

the lines were equal, with a clear contrast between light

and dark rings, and with the least micro bacterial de-

composition, erosion, or traces of the blade. 

The poor microscopic preservation of nearly a third

of the sample in this study may be explained by the

influence of several factors such as the chemical con-

ditions in the soil (ion exchange with ground water and

the precipitation of minerals) and/or post-mortem bio-

logical activity (bacteria and fungi). All these factors

may contribute to the change in the tissue at the micro-

scopic level, leaving a vague or structurally altered

histological picture21. The organic components of bones

stored in the soil break down due to the impact of water

and microorganisms22, while inorganic chemical sub-

jects contribute to the intense impact and degradation

caused by microorganisms which facilitate the impreg-

nation of soil minerals such as CaCO, Fe
2
O

3
and SiO

2
.

Studies have shown that the effect of chemical agents in

the soil can lead to the complete or partial replacement

of the component building blocks of tissue at the micro-

scopic level, leaving no macroscopically visible changes

in morphology of the bone23. Therefore, tooth cementum

in these conditions acts as a bone and suffers diagenetic

changes. In this study, incremental lines in the cemen-

tum could not be read from one third of the sample. It

is this “illegibility”, caused by diagenetic changes, that

represents the biggest limitation of the application, and

precise method, of the annulation of dental cementum

in determining the age of individuals in ancient popu-

lations. Establishing the standards of line clarity between

researchers in the future, must be imposed as neces-

sary to maximise the safety of this method.

18 Cipriano-Bechtle et al. 1996; Roksandi} et al. 2009;

Wittwer-Backofen et al. 2008.
19 Wittwer-Backofen et al. 2008
20 Roksandi} et al. 2009.
21 Pfeiffer 2000; Nonato do Rosario Marinho et al. 2006.
22 Henderson 1987; Heuck 1993.
23 Lambert et al. 1979; Francillon-Veilliellot et al. 1990;

Gilber 1997; Gill-King 1997.
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Fig. 4. Diamond blade cutmarks, Vlasac U267
Fig. 5. Secondary mineralization of dental cementum, Vlasac U232

Sl. 4. Urezi se~iva, Vlasac U267
Sl. 5. Sekundarna mineralizacija zubnog cementa, Vlasac U232



THE IMPORTANCE OF THE DENTAL 
CEMENTUM ANNULATION METHOD 
FOR RESEARCH IN THE DANUBE GORGES
PALAEODEMOGRAPHY

The results of the chronological age of individuals

obtained by the annulation method may indirectly con-

tribute to a clearer palaeodemographic picture of the

past. In the case of the Djerdap anthropological series,

questions about the more precise age of the old indi-

viduals in the population and the length of the repro-

ductive capacity in women have remained open for

decades. This study gave us information of great

importance for solving these problems in the Iron Gate

palaeodemography.

Based on the macroscopic examination of human

remains from the Djerdap series, it was known that

there were individuals older than 40 years. Given the

bias towards a short life expectancy of people in pre-

historic times and the fact that due to the living habits

and conditions, individual skeletal morphology may

show a greater biological age, many individuals from

the Djerdap anthropological series were placed in a

category of between 40–60 years24. In the sample taken

for this study, 12 individuals were designated older than

40 years on the basis of the morphology of the skeleton.

Results from the annulation method showed that 3 out

of these 12 individuals were approximately 50 years

old (between 46 and 52 years of age) and 2 individuals

were approximately 55 years old (between 52–57 years

of age). Finally, the results showed an advanced age in

two individuals from the Vlasac site (VL–VL79 and

U267), which were determined to be between 60–70

years of age. In conclusion, it is now legitimate to say

that people in prehistoric times in the Danube Gorges

could have reached ages of up to 70 years.

As for the length of the reproductive period in

women, it is crucial to point out to the case of a preg-

nant woman from the grave VL67 at Vlasac, dating

from the Mesolithic period. The annulation of dental

cementum method showed that her age at the time of

death was between 30–32 years.

CONCLUSION

This research contributes to the identification of an

individual’s age. More precisely, the estimated age of

the individual is given within a narrow range. In the

case of the Djerdap anthropological series, we are now

able to obtain, with greater certainty, the precise age of

the adults, especially the oldest individuals. In addition,

the dental cementum annulation method can be used to

determine age even in cases of the very poor preserva-

tion of skeletal material, as the research is performed

only at the root of the tooth. This is of great importance

for the anthropological study of ancient populations.

Moreover, using this method we could provide data

essential for the future research of palaeodemography.

For palaeodemographic studies, it is important to access

data on the precise age of individuals, especially the

oldest individuals in the population. The maximum

age reached in a population as well as the number of

individuals who attained it, significantly affects the

calculation of several parameters of mortality25. The

fact that the chronological age of the eldest individuals

is determined helps to better estimate the length of life

of individuals in this population. It can also be deter-

mined how the life length is distributed among the

individuals from the Djerdap anthropological series.

Possessing this type of information, we will be able to

make palaeodemographic comparisons among different

populations, taking into account the proportion of the

oldest individuals in them.

In addition to the presented anthropological results

for the Danube Gorges, the study pointed to several ob-

stacles to the full implementation of the tooth cemen-

tum annulation method. These barriers are reflected in

changes in dental tissues at the microscopic level, as the

result of taphonomic changes. The fact that diagenetic

processes that affect changes in incremental lines of

dental cementum are not yet fully understood, needs to

be stressed too. A recommendation for future analysis

is the research of taphonomic effects on hard dental

tissue histology.

Translated by Marija Radovi}

24 Roksandi} 1999.
25 Wood et al. 2002.
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Anulacija zubnog cementa je mikroskopski metod za utvr-
|ivawe individualne starosti. Rezultati dobijeni prime-
nom ove metode najpribli`niji su stvarnoj (hronolo{koj)
starosti individue. I pored toga, ova metoda se jo{ uvek
retko koristi u odre|ivawu starosti u okviru arheolo{kih
populacija. U ovom istra`ivawu metodom anulacije zub-
nog cementa analizirana su 24 zuba koja su pripadala 21
individui |erdapske antropolo{ke serije. Od svih anali-
ziranih zuba, ukupno 17 je imalo bar jedan ~itqiv segment
na popre~nim presecima. Kod preostalih 7 zuba nije bilo
segmenata sa kontinuirano vidqivim inkrementnim lini-
jama. Prisustvo hipercementoze i parodontopatije ili
pak istro{enosti krunica zuba nije bilo kriterijum za
iskqu~ivawe uzoraka iz analize. Rezultati su pokazali da
prisustvo patolo{kih promena i istro{enosti krunica

nije uticalo na ~itqivost inkrementnih linija u ovom
uzorku. Pore|ewe varijacija u broju linija u ovom uzorku
pokazalo je procewenu starost u rasponu od preko 20 godi-
na samo kod dve osobe (u tom rasponu se procewuje indivi-
dualna starost primenom makroskopskih metoda). Dobije-
ni podaci su od zna~aja ne samo za prevazila`ewe nekih
metodolo{kih problema u antropologiji \erdapa ve}, ta-
ko|e, i zato {to na ovaj na~in imamo i precizne podatke o
starosti praistorijskih stanovnika \erdapa. Primena
metode anulacije zubnog cementa omogu}ava utvr|ivawe
starosti i u slu~ajevima veoma lo{e o~uvanog skeletnog
materijala. Jedinu prepreku za primenu metode anulacije
u ovom istra`ivawu, ali samo u nekoliko slu~ajeva, pred-
stavqala su stawa izmewene strukture zubnog cementa pod
uticajem tafonomskih procesa.

Kqu~ne re~i. – individualna starost, dentalna antropologija, anulacija zubnog cementa, 
populacija \erdapa, tafonomija.
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