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Abstract

Although estimation of age at death is an essential part of reconstructing information from the
skeletal material, it is one of the most difficult and controversial investigations in bioarchaeology,
because individuals of the same chronological age can show different biological age. Among the
various methods used, estimating the age by the teeth, because of both their more stability in
archacological contexts and their ability, to change with age, is very attentive and applicable. Even
though many of modern methods are used in forensic science are based on tooth sections and
histological examinations which are not appropriate in archaeological samples due to tooth
destruction. In this article besides introducing and discussing the nondestructive methods of using
teeth in estimating the age of human remains, the advantages and disadvantages of each method are
mentioned. The aim of this paper is to review the methods of dental age estimation for subadults
by studying “tooth development” and for adults by observing “physiological degenerations”.
Because of the regular formation and eruption times for teeth, dental development is the most
widely used technique for ageing subadult remains. Based on this assumption, a graphic summary
of data on dental development has been provided which contains all of the calcification, eruption
and root completion times. Since a permanent tooth erupts, it begins to wear. If the rate of wear
within a population is fairly homogeneous, it follows that the dental wear is a function of age. As
teeth age, formation of secondary dentine reduces the coronel height and width of the pulp cavity.
Some researchers used this to radiographs of adult individuals and have been able to obtain
accurate results. Additional studies have shown that apical translucency of tooth roots correlates
with adult age, but applications of the technique have shown it to be less useful than other methods
Keywords: Bioarchaeology, age estimation, dental wear, dental development.

Introduction

There are four main elements in the procedure of bio archaeologic investigation: sex, age, height,
and race. The most difficult one to determine is the age of the skeletons. For this reason, biologists
and anthropologists use the term “estimation of age” of human remains in anthropological texts
and reports. Age estimation is a subdiscipline of the forensic sciences, especially in cases which the
identity of the deceased is unknown, but today with increasing interest in the vital statistics of past
populations and paleodemography (such as age group composition, Sex ratios and the reasons for
mortality in a community) procedure of ageing of skeletal remains is one of the most controversial
and important bioarcheological investigations. Since osteology determines biological age of an
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individual, even when osteological standards are perfect, there is always a degree of imprecision in
estimating age of human remains.

Results

The ageing of human remains is based upon a detailed knowledge of biological changes which
occur during the periods of growth, development, maturation and aging in each individual’s
skeleton. The appearance of age markers on the skeleton is dependent upon physiological variations
and the individual’s life style. The most widespread techniques of adult age estimation, associated
with changes in skeletal appearance (like: the pubic symphysis, the auricular surface of the ilium and
the sternal rib ends) are based on the analysis of macroscopic characteristics. However, these
methods divide age groups into large spans of age classes (5 or 10 years), and cannot yield accurate
results for individuals aged more than 45-50 years. In addition, the skeletal structures used in these
methods, are usually subjected to taphonomic processes and are not recovered or are too damaged
to be useful in osteological analysis. However, the teeth are becoming progressively useful, because
of both their more resistance in archaeological contexts and their ability to change with age. So, the
dental system is very attentive and applicable for estimation of age in human remains.

The purpose of this paper is to review the methods of dental age estimation for subadults by
studying “tooth development” and for adults by observing “physiological degenerations”.
Assessments of age based on skeletal remains are most likely to be fairly accurate with sub adult
individuals. Remains of older individuals present more of a problem. Age estimation methods
applicable in adults could be divided into morphological and radiological techniques. Although
there are many methods available only methods based on nondestructive examination are
recommended for bioarcheological investigations.

Tooth development is more closely associated with chronological age than is the development
of most other skeletal part, and it seems to be under tighter genetic control. Because of the regular
formation and eruption times for teeth, and because these elements are the remains found most
commonly in archeological contexts, dental development is the most widely used technique for
ageing subadult remains.

Discussion

Increasing age can be seen in three different processes of dental development:

“Calcification”, “eruption” and “completion of root end”, so from the initial stages of calcification

of any primary or permanent tooth to the final stage of root end formation two methods can be

observed:

1) Dental radiographs for evaluation of calcification rate and root completion.

2) Tooth position examination in mouth to examine the process of tooth eruption. This
estimation can be made from the tables of mean statistics of different populations.

There are three common methods in forensics and bioarcheology to estimate adult age by teeth.
Although there are other methods that can be used in age estimation, all of them have been
excluded in this paper due to tooth destruction.

1) Since a permanent tooth erupts, it begins to wear. If the rate of wear within a population is
fairly homogeneous, it follows that the dental wear is a function of age. Age estimation by
tooth wears is done according to Lovejoy’s method.

2) With ageing the pulp area gradually decreased because of continues secondary dentine
deposition. The commonly used radiological methods to estimate the age are 1) Kvaal’s method
2) Ikeda’s method and 3) Cameriere’s method. Some researchers used radiographs of adult
individuals and have been able to obtain accurate results.

3) Length of translucent dentine of tooth roots which can be measured with a sliding caliper and
be calculated according to Bang and Ramm’s method, is used to estimate of adult age.
Although applications of this technique have shown it to be less useful than other methods.

Conclusion
Based on what has been said, the age of the human remains by dental system can be estimated in
three separate petriods:
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A) Newborn up to 12 years

The development of the dental system is used in individuals under age of 12 years. This method can

estimate the age of human remains from birth to age 6 with a dental radiography for assessment of

the root formation, the age estimation can be more accurate.

B) 12 to 45 years

The dental wear in different populations can estimate the age of individuals from 12 to 45 years.

However, this method is not recommended for individuals over 45 years of age.

Older than 45 years

1) Cameriere’s method; calculating the pulp/tooth atrea ratio. In this method, with only one tooth
(canine), the age can be estimated with high accuracy. However, it is useless if the canine
doesn’t exist. The need for dental x-rays, and the need for computer software and
computations, make this technique more expensive than other methods of estimating residual
age.

2) Bang & Ramm’s method; calculating the length of the sclerotic dentin on root. However, it
seems that the efficacy of this method in ancient remains needs further investigation.
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Tab2. Average Age of boys in years based on assessment of dental development [25]

sk

Male Dil Di2 Dc Dmil Dm2 11 12 C P3 P4 M1 M2 M3
Ci _ _ _ _ _ _ _ 0.6 2.1 3.2 0.1 3.8 9.5
Cco 1.0 2.6 3.9 0.4 4.3 10.0
Coc 1.7 3.3 4.5 0.8 49 10.6
Crl/2 2.5 4.1 5.0 13 54 11.3
Cr3/4 _ 34 4.9 5.8 19 6.1 11.8
Crc 0.15 0.2 0.7 0.4 0.7 _ _ 4.4 5.6 6.6 2.5 6.8 12.4
Ri _ _ _ _ _ _ _ 5.2 6.4 7.3 3.2 7.6 13.2
Rcl _ _ _ _ _ _ _ _ _ _ 41 8.7 14.1
R1/4 5.8 6.9 7.8 8.6 4.9 9.8 14.8
R1/2 5.6 6.6 8.8 9.3 10.1 5.5 10.6 15.6

R2/3 6.2 7.2 _ _ _ _ _ _
R3/4 6.7 7.7 9.9 10.2 11.2 6.1 11.4 16.4
Rc 1.5 1.75 3.1 2.0 3.1 7.3 8.3 11.0 11.2 12.2 7.0 12.3 17.5
Al1/2 7.9 8.9 12.4 12.7 13.5 8.5 13.9 19.1
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Tab. 3. Average Age of gitls in years based on assessment of dental development [25]

Female Dil Di2 | Dc Dml Dm?2 11 12 C P3 P4 | Ml M2 M3
Ci 0.6 2.0 33 0.2 3.6 9.9
Cco 1.0 2.5 3.9 0.5 4.0 10.4
Coc 1.6 3.2 4.5 0.9 4.5 11.0
Crl/2 2.5 4.0 5.1 13 5.1 11.5
Cr3/4 35 4.7 5.8 1.8 5.8 12.0
Crc 0.15 021 07 0.3 0.7 - - 4.3 54 6.5 2.4 6.6 12.6
Ri 5.0 6.1 7.2 3.1 7.3 13.2
Rel — - — 4.0 8.4 14.1
R1/4 48| 50 6.2 74 8.2 4.8 9.5 15.2
R1/2 54| 506 7.7 8.7 9.4 54 10.3 16.2
R2/3 59| 62 — - — _ - _
R3/4 64| 70 8.6 9.6 10.3 5.8 11.0 16.9
Re 1.5 175 | 3.0 108 2.8 701 79 9.4 10.5 11.3 6.5 11.8 17.7
Al/2 - _ _ _ | 75| 83 10.6 11.6 12.8 7.9 13.5 19.5
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Fig. 4: Variation in the timing of dental development. patterns: black, crown mineralization begins; dark gray, crown
completion; light gray, eruption; white, root completion [28] and third molar data from [22,29]
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Fig. 6: Modal tooth-wear patterns of a prehistoric Native American Population from dentitions. Exposed dentine is shown in
black. Age in years for the various phases ate as follows: A,12-18; B1,16-20; B2,16-20; C,18-22; D,20-24; E,24-30; F,30-35;
G,35-40; H (maxillary),40-50; H (mandibular),40-45; 1,45-55 [22]
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Fig. 7: Dimensions used in the Kvaal method: T, the
maximum tooth length, R, the root length from the lateral
surface (mesial), P, the maximum length of the pulp, A,
the width of the root and pulp at the junction of enamel
and cement (CEJ), B root and tooth width at the interface
between the two levels A and C, C root and tooth width
at the interface between the root end and CEJ [41]
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Fig. 8: Dimensions used in the IKDA method. CH crown length, CPCH, crown cavity height [43]
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(translucent) and H length of root [51]
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