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Summary
Tooth wear is frequently used as a method of ageing skeletal remains. Fundamental to this
method is the ability to measure the amount of tooth wear. The Brothwell chart based on the
Miles method of ageing, uses simple ordinal scoring and Is frequently used by archeologisis. The
purpose of the present investigation was to evaluate the accuracy of simple ordinal scoring in
recording tooth wear and ageing skulls. A group of Chinese skulls of known age at death was
used. The age range was from j
years. A single score per molar tooth was used to record
occlusal wear. The data were analysed by regression methods using BMDP statistical software.
The results showed that molar tooth wear continues throughout the life of the individual.
The first molar teeth wear significantly more quickly than do second molar teeth. Use of a simple ordinal score method for recording wear gives an inaccurate estimate of an individual skull's
age at death with a very wide 95% confidence interval.
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Introduction
Tooth wear is frequently used as a method of ageing individuals at time of
death [1-3] and as such,.is a method of interest both to archeologists and
forensic scientists.
Fundamental to the use of tooth wear or attrition as a, method of determining age at death, is the ability to score the degree of wear or attrition
present on the occlusal surfaces of teeth. A simple ordinal score in which one
value is given to each tooth surface has been used [3-7]. Scott [8] recognised
that the differential wear evident on molar occlusal surfaces could yield
increased information and devised a more detailed scoring technique. In
humans, the three molar teeth erupt at intervals of approximately 6 years
and his eruption sequence. is constant. Difference in degrees of wear in
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teeth which erupt at different times provides information about the rate of
wear of teeth. Miles [6] established the rate of wear in young Anglo-Saxon
skulls whose age could be determined from the state of development of the
dentition and assuming that this rate remained constant throughout life,
devised a system of ageing skeletal material based on the degree of molar
wear. Nowell [21 verified the Miles method in the Tepe Hisar dental sample
and Brothwell [3] published a chart based on Miles' work and which uses a
simple ordinal scoring system to age British skeletal remains from Neolithic
to Medieval times.
The single score per surface method in conjunction with the Brothwell
chart is frequently used by archeologists. Both Miles and Brothwell cautioned against the use of the chart in populations belonging to other archeological periods and different geographical locations. Miles stated that the
method must be regarded as tentative until some method can be found of
checking its validity [6]. The purpose of the present study is to evaluate the
accuracy of simple ordinal scoring as a method of recording molar tooth
wear and determining the age at death.
Materials and Methods
Sixty virtually caries free Chinese skulls, the majority with intact dentitions, were obtained from the Turner Collection, The Department of Anatomy, Edinburgh University. The skulls were recorded as being either Hylam
or Hokien Chinese and had been collected by Gordon Harrower when Professor of Anatomy, Singapore University. They were subsequently donated by
him to the Department of Anatomy, Edinburgh University. The age at death
of each skull had been recorded at the time of acquisition and ranged from
16 to 60 years. In attestation of this the collector states [9] that the age of
each individual was noted at death and 'the question of age, sex and nationality is beyond doubt'.
A preliminary inspection confirmed the view [10] that with regard to attrition, right and left sides of the jaw are mirror images of each other. Accordingly, data was recorded only from the left mandible. Only polarjS9kh_were
used since these teeth demonstrate the greatest degree of consistency in
wear patterns and rates [6]. The first, second and third molar teeth were
scored for attrition using a 0 to 5 point scale based on that used by Miles [6]
and Brothwell [3] (Table 1).
The concept of functional age (i.e. age less 6 years and age less 12 years
for the first and second molar teeth respectively) was used by Miles [3]. The linear regression of attrition against fuctional age was computed for both first
and second molar teeth, with functional age in years as the independent variable and the discrete attrition scores as the dependent variable. The data
were analysed using the statistical analysis programme BMDP5V [11] which
computes the regression lines and estimates the correlation of measurements
taken from the same skull.
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TABLE 1
CLASSIFICATION OF MOLAR WEAR
Scale

Descriptn
No wear
Enamel facets. No dentine exposed.
Dentine exposed on buccal cusps. Areas < 1 mm.
Dentine exposed on buccal & lingual cusps. Areas < 1 mm.
Dentine exposed. Areas> 1 mm,
Dentine exposed. Areas confluent.

Results
All teeth showed some degree of attrition but variation in attrition at a
given age was substantial. All third molars were recorded as having an attrition score of 1 and were not used in the analysis.
Figure 1 shows the scatter plot of attrition scores plotted against age in
years for first and second molar teeth. Figure 2 shows the regression lines
for attrition against fuctional age for first and second molar teeth. For each
of these regression lines, the intercept term was not significantly different
from zero, indicating that regression lines through the origin of functional
age would be appropriate. The regression lines, forced through the origin
are illustrated in Fig. 3.
Their equations are:
First molar teeth score = 0.093 x functional age.
Second molar teeth score = 0.068 x functional age.
The regression analysis gives a measure of the average standard deviation of residuals of the attrition score from the fitted line, and the correlation of
these residuals for teeth from the same skull.
These are:
First molar teeth: standard deviation of residuals = 0.86
Second molar teeth: standard deviation of residuals = 0.66
Within skull correlation of residuals = 0.46
The regression line for first molar teeth was significantly steeper than for
second molar teeth (P < 0.01)
Figure 4 shows the final model selected for the prediction of functional age
from attrition scores.
It illustrates the prediction of functional age from a first molar tooth with an
attrition score of 2. To assess the precision of estimation, the standard devia-
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Fig. 3. Comparison of regression lines for first and second molars forced through the origin.

tion of residuals is reflected onto the X axis (functional age) to give a standard deviation for the predicted functional age, e.g for first molar teeth, the
standard deviation for the predicted functional age is 0.86/0.093 = 9.2 years.
A similar calculation can be done for second molar teeth to give a standard
deviation for the predicted functional age of 0.66/0.068 = 9.7 years. The 95%
confidence intervals for the predicted functional age is obtained in the usual
way, i.e. predicted age ± 2 standard deviation. It is seen that the age 95%
confidence intervals for the functional age of a skull with this attrition score
ranges from 8.8 to 45.6 years. Similar results would be obtained using a second molar tooth, though a more precise prediction would be obtained if several teeth types are used. However, the advantage obtained from predicting
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from multiple teeth is limited by the fact that the wear scores for teeth from
the same skull are correlated with each other.
For example, if two teeth from the same skull were used, a first and second molar, the standard deviation of the mean predicted age would be
reduced to 8.1 years (cf. 9.2 years for first molars, 9.7 years for second
molars).
To obtain the actual age from functional age 6 years is added for first
molar teeth and 12 years for second molar teeth.
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Fig. 4. The model selected for the prediction of functional age from first molar attrition scores.
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Discussion
Certain populations have been shown to exhibit age-related changes in
patterns of tooth attrition [12-14] and analysis of the rate of molar attrition
has provided the basis for ageing individuals within a skeletal population
[2,3,6].
The Miles method of ageing [6] assumes general uniformity of dental wear
rates and pattern throughout the studied population. Only molars are used
since they demonstrate the greatest degree of consistency in wear rates and
patterns. Immature dentitions which can be aged on development alone
serve as a baseline for the establishment of basic rates and patterns. Miles
was aware of the limitation of his method and Nowell [2] evaluated the
method on the Tepe Hissar sample and concluded that a complete evaluation
would require its testing on a controlled population.
The 60 Chinese skulls of known age at death constitutes a controlled population. Though the collector states categorically that the age and sex of
each individual skull is beyond doubt [9] he does not state precisely how he
knew these ages, i.e from birth certificates etc. The variation in attrition at
a given age may therefore reflect inaccuracies in the recorded age at death.
The wide variation in attrition, furthermore, may be due to regional or subcultural variations in either diet per se or in food preparation methods
employed by the Hylam and Hokien Chinese.
The single score per occlusal surface is a method of scoring tooth wear
which has been widely used [3,4,6,7,12] and was therefore chosen in an endeavour to evaluate methods using a simple ordinal score, as used by Brothwell,
using a controlled population of known age. It is appreciated that such a
scoring system fails to discriminate between stages of attrition or to
describe objectively the amount of dentine exposed or the amount of enamel
remaining. This type of scoring thus leads to considerable loss of information. This fact could explain the inaccuracy in determining age using this
scoring method.
It is hypothesised in the Miles method that dental wear is continuous during the functional life of the tooth, that wear on all three molars proceeds at
comparable rates and that diet is effectively uniform within the population.
These three points will be discussed with regards to the present investigation. Wear was seen to increase with age (Fig. 2) but there is, as has been
stated, substantial variation at any given age. The wear patterns are similar
to those described in Anglo-Saxon skulls [6] and in Australian Aborigines
[12]. Wear rates appear to be much less in the Chinese sample than in these
two populations. This may be due to a softer diet though there is no available information to substantiate this. Longitudinal studies of tooth wear in
humans are rare and this together with inadequate knowledge about the
physical properties of most human food items and the effects of the properties on teeth [15,16] limits meaningful discussion of reasons for different
rates of wear in different populations. Moreover, because quantification of
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the effect of tooth loss or decay on the rate and patterns of wear on the
remaining teeth is a moot point [2] only intact, virtually caries free dentitions were used in the present investigation.
In the present study the second molar wore at a significantly slower rate
than the first molar (Fig. 3). This is in agreement with observations in Australian aboriginies [5] and in Anglo-Saxon skulls [6]. Miles estimated a wear
ratio of 6.0:6.5:7.0 for first, second and third molar teeth in the Anglo-Saxon
population. Norwell [2] found no consistant difference in rates of attrition on
different molar teeth within the Tepe Kissar sample.
The prediction of an individual skull's age from its dentition based on this
scoring system would be so imprecise as to be of little practical value. The
position would be somewhat better if the investigator was interested in the
mean age of a group of skulls.
The results are based on regression analysis which is not strictly valid for
a discrete scale such as used in this investigation. However, the authors are
confident that the results are robust in that broad interpretation of the data
which are presented here would be the same were any more sophisticated
methods employed.
The present investigation agrees with Miles [6] that dental wear continues
during the functional life of the tooth. It shows that wear does not proceed
at comparable rates on all three molars. It is concluded from the study that
a simple ordinal scoring method ascribing one score per molar occlusal surface does not give a precise estimate of age at death.
References
1 A.E.W. Miles, The assessment of age from the dentition. Proc. R. Soc. Med., 51 (1958) 1057
-1060.
2 G.W. Nowell, An evaluation of the Miles method of ageing using the Tape Kissar dental
sample. Am. J. Phys. Anthrop., 49 (1978) 271-276.
3 D.R. Brothwell, In D.R. Brothwell (ed.), Digging up Bones, Third Edition, British Museum
(Natural History), Oxford University Press, 1981, p. 71.
4 R.W. Leigh, Dental pathology of Indian tribes of varied environment and food conditions.
Am. J. Phys. Anthrop., 8 (1925) 179-199.
5 T. Murphy, The changing pattern of dentine exposure in human tooth attrition. Am. J.
Phys. Anthrop., 17 (1959) 167-178.
6 A.E.W. Miles, The dentition in the assessment of individual age in skeletal material. In D.R.
Brothwell (ed.), Dental Anthropology, 1963, pp. 191-209.
7 S. Molnar, Human tooth wear, tooth function and cultural variability. Am. J. Phys.
Anthrop., 34 (1971) 175-190.
8 E.C. Scott. Dental scoring technique. Am. J. Phys. Anthrop., 51 (1971) 213-218.
9 G. Harrower, A biometric study of one hundred and ten Asian small mandibles. Biometri/ca,
20 (1928) 279-293,
10 T.D. Campbell, Food, food values and food habits of the Australian aboriginies in relation to
their dental conditions. AnsI. J. Dent., 43 (1939) 1-15.
11 B.M.D.P. Statistical Software, Vol. 2. W.J.D. Dixon (ed.), University of California Press,
1988.

/
A

184
12 T. Murphy, The relationship between attritional facets and the occlusal plane in Aboriginal
Australians, Arch. Oral. Biol., 9 (1964) 269-280.
13 E.S. Akpata, Molar tooth attrition in a selected group of Nigerians. Community Dent. Oral
EpidemioL, 3 (1975) 132— 135.
14 J.A. Kieser, H.T. Groenevald and C.B. Preston, Patterns of dental wear in Lengua Indians
of Paraguay. Am. J. Phys. Anthrop., 86 (1985) 21-29.
15 R.M.S. Taylor, Cause and effect of wear of teeth. Acta Anat., 53 (1963) 97-157.
16 J.P. Coffey, R.J. Goodkind, R. deLong and W.H. Douglas In vitro study of the wear characteristics of natural and artificial teeth. J. Prosthet. Dent,, 54 (1985) 273-280.

