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1. Introduction

ABSTRACT

Aim: The aim of this study was to establish a third molar developmental database to model dental age of
Polish youngsters, to investigate the rating level of the scores when dividing a year interval into a quarter
of a year and to examine sex differences, left-right and upper-lower jaw asymmetry.
Material and methods: A cross-sectional sample of 1048 orthopantomograms of 644 females and 404
males aged between 12 and 26 years was investigated using the scoring system of Gleiser and Hunt
modified by Kohler. Reference tables according to age were split in a whole year and in quarters of a year
using descriptive statistics. The various developmental stages between males and females were analyzed
with a paired t-test and the cusum method. Differences in mineralization between the quadrants were
analyzed with a two-factor ANOVA and the Duncan post hoc test. The single quadratic and support vector
regression were performed to describe the relationship between score and age.
Results: Dividing age classes in quarters of a year discriminated better between individuals provided
that there is a sufficient sampling size for all age classes. The mineralization tempo occurred significantly
at a faster rate in males. The maturational events in the upper arch developed significantly at earlier ages
for both genders. Obtained chronological age had nearly the same standard error of estimate when
calculated with both regression methods.
Discussion and conclusion: Comparing the results of the present study with those of other population
groups suggests that there are differences in the ageing process of the wisdom tooth. This is the first database
of Polish youngsters (15-24 years) with their respective regression equations to yield age estimations.
© 2010 Elsevier Ireland Ltd. All rights reserved.

transitional period from adolescence to adulthood, the only
dental biological variable consists of the crown and root

Nowadays there is an increasing number of youngsters of
approximately 18 years of age from different countries in the
world with whom the Belgian judicial system has to deal. Judicial
agencies retain forensic experts for age estimation of living
adolescents and young adults with regard to criminal activities,
asylum seekers, illegal immigrants and unaccompanied minors.
The physiological age of a person is determined by the degree of
maturation of different tissue systems. The recommendations of
“The international interdisciplinary Study Group on Forensic Age
Diagnostics” [1] state that dental age diagnosis includes a clinical
dental observation and a radiological investigation. During the
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development of the wisdom teeth [2-5]. Individuals of the same
chronological age can demonstrate different degrees of dental
maturation. Analyzing populations from various genetic back-
grounds suggests substantial inter-population differences [6-
31]. Until now no dental database is available of Polish
youngsters originating from the same biological nationality.
Besides those dental observations forensic age estimation should
also include a physical inspection for signs of sexual maturity and
any age-relevant developmental disorders, X-ray examination of
the non-dominant hand and wrist [32-34] and eventually an X-
ray examination of the medial clavicular epiphyseal cartilage
[3,35-41]. The drawback of the ossification of ephiphysis and
diaphysis in hand and wrist is that it is completed around the age
of 18 while the third molar development continues until the
early twenties.
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Research reports variable opinions about the role of gender
[6,7,9,10,21,23,28,42]. In the literature contradiction exists
whether there is a left-right asymmetry in the developmental
formation of the wisdom teeth. Investigations shows that
formation stages of the third molars are more advanced in the
upper then in the lower jaw [6,7,9,10,23,31]. All these aforemen-
tioned statements claim that specific reference tables for both
sexes are much-needed for estimating dental age of Polish
individuals. To realize the present study orthopantomograms
were gathered from Polish youngsters. Deciding on whether the
person is an adolescent or an adult pertains to the judicial agencies.
The task of the forensic expert includes the application of the latest
and scientific based methods with appropriate statistical signifi-
cance tests and their limits.

The aim of this paper was first to develop a database for Polish
youngsters for dental age estimation. The second aim was to
examine the degree of refinement in age estimation when
delimiting age intervals to quarter of a year instead of year
interval. Thirdly differences in genders and between quadrants
were investigated. Finally besides the single quadratic regression
analysis a second order polynomial regression model has been
established to figure out the smallest standard error of estimate.
Because the last technique has limitations in that the form of the
model has to be fixed in advance, support vector regression (a black
box method) was carried out as well.

2. Materials and methods

The sample consisted of orthopantomograms of Polish individuals of whom the
age and sex were known. Some radiographs were digitally generated on a
Orthorolix 9200 (Gendex, IL, USA). They were stored as TIF files. The remaining X-
rays were acquired a on conventional manner using a Planmeca Proline XC
(Planmeca Oy, Helsinki, Finland). The manually generated radiographs were
scanned with a SNAP SCAN 1236 AFGA, Gevaert NV, Moortsel, Belgium. The scanned
orthopantomograms were stored as JPEG file. All the X-rays were compiled in Lodz,
Poland, from the Institute of Dentistry and private practices of two co-authors. The
social background of the persons from the Institute was from lower and middle
class. Those derived from the private practices came from wealthy families. Age was
calculated on information from identity cards and converted to a decimal value. In
total 1048 orthopantomograms were analyzed. The age ranged from 12.0 to 26.0
years. The data set included 644 females and 404 males with an original Polish
background.

Table 1 displays the age and sex distribution and percentage of each population
age category. Females represent a larger group than males because they are more
concerned about their general health and dental status. The clinical records
reported no history of medical disease or surgery that could affect the presence and
development of third molars.

Radiological third molar development was scored following the 10 point scoring
classification designed by Gleiser and Hunt [43] and modified by Kohler [44]
(MG&H). On multi-rooted third molars the least developed side was scored. Image
quality improving software tools were used to adjust gray scale, brightness and
contrast or for conversion into a negative image.

For detection of intra-operator variation a repeated third molar scoring of 173
third molars was performed after one month and assessed with ANOVA.

The whole data set was elaborated using descriptive statistics. The different
scores corresponding to the mean ages were devised for both genders and for the
four quadrants.

An ANOVA was used to split out variation of scores between and within age
categories (classes). Between class variability corresponded to the development
stages depending on age.

This effect was minimal for within class variability. The share of each component
depended on the test set up, i.e. on the selection of class limits. On the one hand the
size of divided age classes should not be too broad as this means that the share of
within class variation becomes too big, moreover a sufficient number of classes
should be maintained. On the other hand the number of cases per class should be
high enough for statistic reliability. Interclass comparison was performed between
the age classes of one year and a quarter of a year (3 months). MG&H upper right for
female has been chosen as an example. Each age class was described by its centre.
This means that age class 18 included patients with ages between 17.5 and 18.5
(classes of 1 year) and between 17.875 and 18.125 (classes of a quarter of a year)
excluding the lower limit and including the upper limit.

A paired t-test analyzed the differences in average scores per age classes between
males and females and each quadrant. The assumed difference was zero. The cusum
method [45,46] was used to analyze trends (development in age evolution) in

Table 1

Number of individuals categorized by age and gender.

13-13.99 14-14.99 15-15.99 16-16.99 17-17.99 18-18.99 19-19.99 20-20.99 21-21.99 22-22.99 23-23.99 24-24.99 25-25.99 26-26.99

12-12.99

Age

53 51 42 35 40 35 39 41 20
38

67

40

Male

57 52 68 76 88 77

62

48

Female

23.5 22.2 193 16.8 20.5 20.5 234 22.1 10.9 1.6 0.2

17.4

0.3 0.4

Total (%)

87
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differences between variables of both genders. This technique allows to prove small
but persistent differences.

In order to test whether the development of the third molars depended on the
quadrant, a two-factor ANOVA was carried out with factors “quadrant” and
“orthopantomogram (individual)”. The development differed amongst individuals
and by adding the OPG as a factor this parameter can be extracted. The analysis was
performed in two steps. First of all it was investigated whether there was a
difference between quadrants and secondly, if such differences would exist, which
ones were significantly different. A Duncan post hoc test was carried out to identify
homogeneous subsets. Homogeneous subsets are subgroups of quadrants that are
statistically equal whereas the subgroups themselves are statistically different.
Quadrants can be part of more than one subgroup.

Finally a regression analysis was performed in order to model the relationship
between chronological age (dependent variable) and score (independent variable)
using a classical statistical regression and a support vector regression (nonlinear
machine learning approach)[47,48] allowing to seek for the smallest standard error
of estimate. For each subject the developmental third molar score in each quadrant
and separately the minimum value of the four scores was considered.

Statistical analysis was carried out with SPSS version 17, Chicago USA.

3. Results
3.1. Intra-operator variation

Table 2 reflects the frequency of differences found between
repeated scores. Calculated with ANOVA no significant difference
between repeated scores was detected (p > 0.05).

The average of the difference between repeated scores was 0.46
with a standard deviation of 0.323 which confirmed that the
majority of scores deviated not more than 1 class.

3.2. Descriptive statistics of age categories

In this cross-sectional investigation 3937 third molars were
scored. 43 radiographs from 13 males and 30 females were
excluded because of erroneous exposure, unclear radiographs and
horizontal impaction of M3 in bucco-lingual direction. Table 3
illustrates the different scores corresponding to the mean ages for
both genders and for the four quadrants. The means, the minimum
and maximum chronological ages, the standard deviations, the
age ranges and counts are recorded. For both genders the
development of the crown encompassed an average of 3 years
and the formation of the root length extended to an average of 7
years. When score 10 is reached or “the apices are closed” further
age estimation depending on tooth development included no
more significance.

Table 4 and Fig. 1 show the distribution for mean third molar
scores per quarter of a year and per year related to the wisdom
tooth in the upper right female quadrant. There was a noticeable
distinction between the scores of the quarters within one year.

Secondly within class variation was reflected by the range
(maximum-minimum value per class) which is smallest for
quarter year classes.

Thirdly the standard deviation was maximum around the age of
18 (1.93 resp. versus the average of 1.68 resp. 1.64).

Table 2

Frequencies of the differences between repeated measurements.
Difference Frequency %
-2 2 1.2
-1 8 4.6
0 143 82.7
1 20 11.6
2 0 0
Total 173 100

Frequency: number of different measured scores; Difference: differences between
repeated scores of each third molar; %: relative frequencies of different measured
scores.

3.3. Comparison male-female and the differences between the
quadrants

The results of the paired t-test for each of the quadrants
revealed that the differences were highly significant (different
from zero). The difference was positive explaining that males have
a higher score for the same age than females. Although the score
was different for males and females the evolution of development
as a function of age (trend) seemed to be similar.

The cusum technique applied on the data set of differences
between scores per age demonstrated that the difference in the
scores between female and male was age dependent (Fig. 2). For
each of the quadrants a clear trend could be distinguished
indicated by the S shaped curve. In the age zone ranging from
15 up to approximately 17.5 years the cusum was decreasing
indicating the difference tended to be smaller than average. From
approximately 17.5 till 21 years the cusum was increasing
indicating the difference tended to be bigger in this period than
average. In the age zone ranging from 21 years onwards the cusum
was decreasing indicating the difference tended to be smaller than
average.

The two-factor ANOVA showed that tooth development varied
between quadrants. The Duncan post hoc test pointed out those
differences by listing the quadrants, number of measurements and
average value per quadrant (Table 5). This table displays the
homogeneous subsets for both genders. Upper and lower jaws
were different for both genders. Indeed the tooth development was
significantly faster in the upper jaw in contrast to the lower jaw.
Given the same score in the four quadrants the corresponding ages
were lower in the upper jaw than in the lower jaw. In the upper
jaws the right side seemed to have a higher score than the left side
but this difference was only significant for males In the lower jaw
the left side indicated the highest scores but the difference was not
significant both for males and females. As the trends were the same
for male and female although not always significant one could
assume that the development between left and right side was
different but more data would be required to confirm this.

3.4. Regression analysis

Single quadratic regression equations and support vector
regression were worked out to seek for the smallest standard
error of estimate. Table 6 shows regression coefficients for both
genders. Four different equations can be used in case where only
one third molar is present. The minimum relates to the minimum
score of the four given scores in the same individual provided that
all third molars are present. The latter could give better results as in
many cases some scores reached a maximum although not all of
them did. All regression coefficients are highly significant for
males. For females either the linear or the quadratic coefficient are
highly significant. In case one or more molars were missing the
OPG was not considered. The resulting single quadratic regression
model is of the following form based on gender, on the number and
the location of the third molar(s) present on the orthopantomo-
gram. Five formulae were obtained.

Age = const + Bi x score_{UR or UL or LL or LR orminscore}

+ Bi? x score?_{UR or UL or LL or LR orminscore}.

SVR is a black box modeling technique. So the form of the model
cannot be described. Because of the nature of the SVR model such
regression coefficients cannot be derived.

The correlation coefficient and the standard error of estimates
for models based on single quadratic regression equations and
support vector regression are listed for males and females
(Table 7). All models are significant but the correlation is not



Table 3

Relations between the scores of MG&H in all the quadrants and ages in years for males and females.

Score Males Females
Mean Min Max SD Range count Mean Min Max SD Range Count
UR quadrant
2 15 14.78 15.21 0,3 0.43 2 15.21 14 17 0.94 3 1
3 16.57 15.03 19 1.6 3.97 6 16.06 13 22 1.92 9 6
4 16.01 15 18.14 1.05 3.14 10 16.43 14 21 1.46 7 13
5 15.8 14.32 18.16 0.8 3.84 33 16.67 12 20 1.42 8 34
6 16.6 14.01 21.81 1.45 7.8 52 17.41 15 24 2.07 9 46
7 17.19 12.69 20.97 1.48 8.28 56 18.57 15 24 2.02 9 79
8 17.89 15.07 20 1.6 4.93 9 19.78 17 23 1.79 6 79
9 19.12 14.89 23.72 2.22 8.83 34 20.46 15 24 1.98 9 22
10 21.31 16.39 26.47 1.9 10.07 176 21.77 12 25 1.79 13 72
UL quadrant
2 15.69 14.78 18.14 1.39 3.36 5 15.70 14.75 18.00 1.12 3.25 10
3 16.1 15.03 17.34 1.09 231 6 15.82 13.00 18.75 1.39 5.75 18
4 15.93 15 18.58 1.12 3.58 10 16.23 14.00 21.50 1.68 7.50 24
5 16.05 14.32 18.99 0.94 4.67 33 16.51 12.25 20.00 1.47 7.75 46
6 16.37 14.01 21.81 1.45 7.8 53 17.21 14.75 21.75 1.74 7.00 71
7 17.32 12.69 23.55 1.63 10.86 58 18.27 15.00 23.50 1.98 8.50 81
8 18.01 15.07 21.93 1.81 6.86 10 18.97 16.50 21.00 1.50 4.50 23
9 18.86 14.89 21.39 1.67 6.5 28 20.50 15.25 23.75 1.86 8.50 81
10 21.26 15.92 26.47 1.99 10.55 185 21.82 12.00 25.00 1.79 13.00 251
LL quadrant
1 15.50 15.00 16.50 0.87 1.50 3
2 15.26 14.78 16.42 0.78 1.64 4 15.79 14.25 18.75 1.40 4.50 12
3 16.18 14.92 19 1.27 4.08 13 15.92 13.00 18.50 1.25 5.50 19
4 16.02 14.32 18.58 1.11 4.26 19 16.70 14.00 20.75 1.52 6.75 50
5 16.28 14.01 20.01 1.29 6 57 17.22 12.25 22.50 1.96 10.25 71
6 17.13 12.69 23.55 1.64 10.86 74 18.52 14.75 23.50 2.23 8.75 89
7 18.39 14.89 23.04 1.7 8.15 36 19.43 15.25 24.50 2.08 9.25 65
8 18.65 17.67 19.63 1.39 1.96 2 20.14 15.25 23.75 2.22 8.50 14
9 20.31 16.75 24.52 1.62 7.76 69 21.12 12.00 24.75 1.88 12.75 119
10 22.1 17.29 26.47 1.63 9.17 114 22.19 15.75 25.00 1.52 9.25 147
LR quadrant
1 15.75 15.00 16.50 0.87 1.50 4
2 15.51 14.78 17.25 0.94 2.47 6 15.32 13.00 17.50 1.17 4.50 11
3 15.73 14.32 17.91 1.07 3.59 15 16.25 14.00 19.50 1.40 5.50 29
4 16.38 14.98 19.56 1.2 4.58 19 16.54 14.75 19.75 1.34 5.00 44
5 16.25 14.01 18.99 1.17 4,98 60 17.18 12.25 22.50 1.88 10.25 77
6 17.48 12.69 23.55 1.69 10.86 76 18.97 14.75 23.50 2.13 8.75 93
7 18.2 14.89 21.93 1.87 7.04 25 19.79 15.25 24.75 2.22 9.50 70
8 19.16 17.45 21.48 1.48 4.04 5 19.30 15.25 21.75 2.06 6.50 11
9 20.36 16.75 24.52 1.73 7.76 66 21.25 15.25 24.00 1.74 8.75 123
10 22.09 17.39 26.47 1.57 9.08 116 22.21 12.00 25.00 1.68 13.00 144

Min: minimum chronological age; Max: maximum chronological age; Range: difference between minimum and maximum age; SD: standard deviation.
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Table 4

Comparison of the mean MG&H scores of the upper right quadrant in females between age classes of 3 months and of 1 year.

Middle CLASSES OF 3 MONTHS CLASSES OF 1 YEAR

SR TELE Count Mean Median SD Min Max Range Average SD/ Middle age Count Mean Median SD Min Max Range
year of quartiles  value

16.00 14 5.36 6 134 3 7 4 1.53 16 63 5.41 6 146 3 10 7

16.25 12 4.83 5 140 3 7 4

16.50 21 6.33 6 146 3 10 7

16.75 13 6.00 6 192 2 9 7

17.00 14 6.23 6 205 3 10 7 1.66 17 58 6.22 6 1.60 2 10 8

17.25 15 6.20 6 115 4 8 4

17.50 17 6.24 7 130 4 9 5

17.75 14 7.00 7 215 4 10 6

18.00 14 6.71 6.5 1.68 4 10 6 1.93 18 54 6.87 7 190 4 10 6

18.25 7 6.00 6 208 4 9 5

18.50 21 7.67 7 183 5 10 5

18.75 9 7.56 9 213 4 10 6

19.00 8 8.63 10 226 5 10 5 1.77 19 46 7.85 8 1.81 4 10 6

19.25 11 8.18 9 1.60 6 10 4

19.50 13 8.08 8 155 6 10 4

19.75 14 8.62 9 1.66 5 10 5

20.00 13 8.21 8.5 137 6 10 4 1.52 20 62 8.73 9 142 5 10 5

20.25 20 9.05 10 136 6 10 4

20.50 17 8.59 9 142 6 10 4

20.75 16 8.50 9.5 193 4 10 6

Total average 1.68 1.68 1.64

Middle age value: centre of an age class; Mean: mean MG&H score; SD: standard deviation in function of age; Max: maximum MG&H score; Average SD/year of quartiles:
average standard deviation of the quartiles in one year; Count: number of given scores; Median: median MG&H score; Min: minimum MG&H score; Range: difference

between minimum and maximum MG&H score.

very high (around 0.76). The differences between quadrants and
both methods are very small and no trend can be seen. The min
scores do not lead to better values for both single quadratic
equations and for the support vector regression model. Only in

Fig. 1. Comparison of the standard deviation of the MG&H scores of the upper right
quadrant in females between age classes of 3 months and of 1 year. SD-Q: standard
deviation per quartiles; SD-Qav: standard deviation per quartile averaged per year;
SD-Y: standard deviation per year.

Fig. 2. Cusum outcomes related to age for each third molar score.

males the best values were found in the minimum scores and in the
lower quadrants. All models had similar predictive values for
females.

Unfortunately the accuracy of predictions for both models was
low as the error on predictions was at least 1.5 year. All model
types give comparable results. Although the support vector
regression is a very powerful technique it does not lead to a
significant improvement of the models.

Table 5
Gender specific Duncan post hoc test on third molar scores and related tooth
position.

Quadrant N males Subset N females Subset
1 2 3 1 2
LR 400 7.12 606 7.19
LL 399 7.22 589 7.27
UL 401 7.83 596 7.90
UR 379 8.10 606 7.95

LR: lower right; LL: lower left; N: number of scores; UL: upper left; UR: upper right.

Table 6
Regression coefficients for quadratic regression models for both genders.
Males Females
Const Bi Bi? Const Bi Bi?
UR 17.822 -1.093" 0.143" 15.2 0.018 0.064"
UL 18.008 -1.14 0.146 16 -0.33 0.091°
LL 16.43 —0.553" 0.111 14.3 0.511° 0.028
LR 15.971 —0.373" 0.098" 13.7 0.754" 0.01
Min 15.953 —-0.361 0.098" 14.24 0.661* 0.015

Bi?: regression coefficient for quadratic term; Bi: regression coefficient for linear
term; UR: upper right; UL: upper left; Min: minimum score; Const: constant; LL:
lower left; LR: lower right.

" p<0.01.



M. Van Vlierberghe et al. /Forensic Science International 201 (2010) 86-94 91
Table 7
Performance of the different regression models for both genders.
Males Females
Single quadratic regression SVR Single quadratic regression SVR
R SE R SE R SE R SE
UR 0.79 1.74 0.79 1.73 0.76 1.83 0.76 1.83
UL 0.79 1.74 0.79 1.74 0.79 1.75 0.79 1.75
LL 0.84 1.55 0.84 1.55 0.76 1.84 0.76 1.84
LR 0.84 1.55 0.84 1.54 0.76 1.84 0.75 1.86
Min 0.85 1.51 0.85 1.49 0.75 1.85 0.76 1.83

R: correlation coefficient; UR: upper right; UL: upper left; SVR: support vector regression; SE: standard error of estimate in years; LL: lower left; LR: lower right.

4. Discussion
4.1. Applying the MG&H scoring system

Numerous studies have documented various maturation stages
of wisdom teeth. They differ with regard to the number of stages,
the definitions of each stage, its presentation and the part of third
molar development used for analysis [6,10,20,22,31,42,44,49-56].
In this study archived cross-sectional dental radiographs of Polish
youngsters are used to evaluate the developmental sequence of the
wisdom teeth starting from 12 to 26 years. Until now no database
has been established from this specific biological and age group.
Because of the worldwide travelling of individuals every forensic
odontologist can take benefit from these reference tables to
estimate age for legal issues. The most critical age with judicial
relevance for the Belgian court is 18 years. Around this age interval
there is a high probability that the crown of the third molar is fully
developed and that root formation is going on. The seven distinct
root scores of MG&H signify a reliable and useful value during this
large age span of the root development. In accordance to the
present investigation no significant intra- and inter observer
effects were found in other studies using this modified scoring
system [10,20,23]. Defining fewer scores is synonym of leaving
more time (age) between the different formation rates. This means
failing to reach the forensic purpose which aim is to optimize
precision of the age estimation.

4.2. Age categories

The standard deviation was minimum for younger and older
age categories. At young age the development of the third molar
started only for few persons and after the age of 21 the third molar
had fully developed for most people.

The literature denotes that the observed age ranges are lower
for the earliest stages. Once the crown is fully developed the age
interval for root formation increases as age proceeds. This is in
accordance with the present study. In this study the age span can
reach 3 years to mineralize the crown and seven years for root
development in both genders.

Dividing a year into quarters of a year distinguishes better the
differences in tempos of formation. This is caused by the limited
number of samples in some classes. Standard deviation was
generally underestimated when sampling size was small. An
estimation of a standard deviation for 15 samples is approximately
10% lower than the SD calculated from a set of 50 samples.
Following this one would expected the average SD of classes of 3
months to be approximately 10% lower than the SD calculated per
year (for which the t-value will provide a correction). This was
clearly not the case as average SD per year calculated from groups
of 3 months are usually higher than the corresponding SD
calculated for classes of 1 year.

One reason was that one exceptional value had a much bigger
impact when the sampling size was small.

Secondly the variation consisted of the influence of age on score
plus the variation of score for a specific age. When the age class was
more narrow, the contribution of the influence of age was reduced
as well. As a consequence the share of variation per age increased.
This demonstrates it is worthwhile considering smaller classes
only when a sufficient sampling size is available for all classes.

Refinement of age classes in quarters of year discriminated
better individuals who reached just the beginning of that age span
from those ones who are at the end of that age span.

4.3. Male/female/quadrant/ethnic comparison

Cross-sectional data of the literature report that males achieved
most formation stages of the wisdom teeth in advance of females
[6,7,9,12,14,16,18,31,42-44,50,52,56-59]. The present study
reports a highly statistical sexual dimorphism when comparing
the average scores in relation to the age. Males reach higher scores
in each quadrant for the same age than females. The cusum method
indicates that the difference is higher in the age interval from 17
until 21 years. On the contrary some investigations find no
significant differences between both genders [15,60,61].

In the whole Polish data set tooth development is significantly
higher in the upper jaw in contrast to the lower jaw. This
observation was consistent with previous studies performed in
different populations [6,7,9,10,23,31,53,55,62].

The Duncan post hoc test pointed out that in the upper arch a
statistical difference in mineralization rate is only observed in
males where the right quadrant has the highest score for the same
given age. No significant differences in root formations are found in
the mandible for both genders. Although in females the wisdom
teeth of the lower right quadrant tend to achieve their maturity
indicators later. Many authors observed no statistical differences
between the development of left and right third molars in both
jaws [6,7,9,10,23,28,31,42,44,55,56,60,61,63,64]. Knell [65] and
Mincer [7] remarked a left-right asymmetry in root development
in 14.9% respectively 26%. Results from other studies on the
mandibular third molar corroborate with the present study where
no side differences in mineralization are observed [9,10,14,23,55].

This MG&H method was compared per formation course with
results published in several studies for the lower third molar for
males respectively females (Table 8).

From score 3 to score 10 it can be seen from Table 8 that both
Polish genders lag remarkable behind the mean ages of the white
Caucasians of Canada [53] and London [22]. Comparison with
results of studies on Spanish population from different geographic
regions in the world demonstrates diverse mean ages for each
developmental mineralization phase [6,14,15,57]. Similar effects
were calculated from Turkish population [31,60]. Third molar
development among the Turkish Caucasians appears at an earlier
age than among Japanese [9,11] and American population [7]. The
study of Olze [8,11] collates orthopantomograms between Ger-
mans, Japanese and South Africans. Findings indicated that
Japanese lagged for Demirjian stages D-F on average 1-2 years
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Table 8
Mean age in years in different white Caucasian populations based on MG&H.

Scores Gender Anderson [53] Liversidge [22] Present study
3 Males 133 14.23 15.96
Females 12.8 14.21 16.10
4 Males 14.1 14.72 16.20
Females 13.7 14.64 16.62
5 Males 14.80 15.09 16.27
Females 14.50 15.21 17.20
6 Males 16.10 16.29 17.30
Females 16.30 16.97 18.61
7 Males 16.80 16.99 18.30
Females 17.30 17.70 19.61
8 Males 17.40 17.92 18.91
Females 17.70 18.75 19.72
9 Males 18.02 18.33 20.34
Females 18.02 19.62 21.19
10 Males 18.50 19.26 22.10
Females 18.30 20.88 22.20

behind the Germans. South Africans reached on average Demirjian
stage D-G 1-2 years before the German individuals.

Rozkovcova [66] investigated 1700 orthopantomograms of a
Czech population residing in Prague from 5 to 21 years. She
designed 7 developmental courses starting with dental follicle to
convergent root canals. The seven stages are not purely delineated.
Stage III is applied for advanced crown mineralization. The
question rises if that means total crown formation. Stage V refers
to divergent root canals. One cannot infer which length the root
must have attained. An attempt is made to compare the scorings of
stage IV and stage VII with the scores 5 and 10 of the MG&H in the
present study on the lower third molar in males. Stage IV and VIl in
the Czech population refer respectively to incipient root minerali-
zation and convergent root canals. The mean ages of Czech
respectively of Polish males are recorded at 15.0 and 16. 3 years for
stage IV. The study of Rozkovcova included individuals until 21
years of age. In about one third of the total population the apex was
not fully closed. The present study finished at 25 years. The mean
age for apex closed was 22.10 years.

Liversidge [22] and Harris [21] concluded that people of African
descent tend to develop the third molar earlier than whites. All
those previous reports must caution forensic odontologists about
the possibility of an appreciable intergroup variability.

4.4. Relationship between age and scores

Several studies utilized regression equations to evaluate the
relationship between age and dental maturity [7,10,13,20,23,63].
In the present study single quadratic regression equations
and support vector regression were carried out. The minimum
standard error of estimate in males and females are 1.51
respectively 1.75 years for classical regression methods and
1.49 respectively 1.75 for support vector regression. This
statistical parameter has a lower value in males than in
females because there is a more uniform pace in mineralization
tempo. In females the various data of a same score have a higher
variance.

Scoring the upper molars is sometimes difficult when the
bottom of the maxillary sinus or the maxillary tuberosita eclipse
the roots. To overcome this problem single quadratic regression
formulas are devised including only the mandibular molars. For
males the lower quadrants give slightly better predictions.

The different modeling techniques all are quite good at
describing the average development of teeth as a function of
age. However when it comes down to individuals this development
is also largely influenced and this is clearly not covered by any of
the models. It’s inherent on the high human variability in third
molar development. So all models have the same strength and
weakness and it cannot be expected that further improvements
can be made without adding information on geno- and phenotype
factors.

Only applying descriptive statistics like the mean ages leads to
false conclusions with regard to the medico-legal question
whether an individual is at least 18 years of age.

4.5. Other considerations

From legal perspective the least developed wisdom tooth and
above all the least developed root of a pluriradicular third molar
has to be considered like the slogan claims “in dubio pro reo”. A
prerequisite implies that the image of the third molar on the
radiograph is clearly perceptible to measure. Forensic odontol-
ogists must be warned that asymmetry in development is
possible. Both sides should be independently evaluated. The
forensic report is a legal document which is presented in the
court proceedings. All statements need to be supported by
scientific evidence together with the limitations of those
procedures. References to the literature in relation to the used
methods or age classification systems must be cited. Statistical
outcomes with their respective significance parameters have to
be noted too as well [39] even like the range of scatter in the
reference population.

Further research involves establishing databases of the differ-
ent mineralization stages of the third molar in both jaws derived
from large sample populations with different ethnic origin. The
scoring technique has to be well defined and delineated in order
that it could be applied by forensic odontologists all over the world.
The inferring regression equations need a low standard error of
estimate and a high correlation coefficient. Maybe future research
in age estimation in young adolescents lies in measuring the
crowns and roots lengths by means of morphometric analysis and
ratios.

The present study offers a database with their corresponding
regression formulas derived from adolescents and young adults
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with original Polish background of Central Poland with different
socio-economic status.

5. Conclusion

The relevant legal age range in Belgium courts hinges upon 18
years by which third molar root formation occurs with a high
probability. The MG&H method delineates seven different scores
for that specific developmental age span.

Finer differentiation of age classes in quarters of a year performs
a better distinction between the scores of the individuals which
can imply considerable medico-legal consequences.

There is a highly statistical significant difference in mineraliza-
tion between both genders. Females mature at a slower rate than
males. Third molars in the upper arch complete their root
formation earlier than their antagonist.

Only in males a higher score in root development is reached in
the upper right quadrants. In the lower jaw the antimeres are
nearly equal in developmental rate for both genders.

Age estimation based on regression equations is more accurate
in males.

Even the most powerful modeling technique for forensic age
estimation is not accurate enough because of the high variable
formation of third molars in individuals. Genetic and ethnic factors
must be considered as elements affecting this developmental
course.

References

[1] A.Schmeling, H.J. Kaatsch, B. Marré, W. Reisinger, T. Riepert, S. Ritze-Timme, F.W.
Rosing, K. Rotzscher, G. Geserick, Guidelines for Age Estimation in Living Indivi-
duals in Criminal Proceedings, Study Group of Forensic Age Estimation of the
German Association for Forensic Medicine (2000), http://www.charite.de/
rechtsmedizin.agfad/empfehlungen/empfehlung_strafverfahren_eng.pdf.

[2] T.Solheim, A. Vonen, Dental age estimation. quality assurance and age estimation
of asylum seekers in Norway, Forensic Sci. Int. 159 (2006) S56-S60.

[3] A.Olze, W. Reisinger, G. Geserick, A. Schmeling, Age estimation of unaccompanied
minors. Part II. Dental aspects, Forensic Sci. Int. 159 (2006) S65-S67.

[4] A. Schmeling, A. Olz, W. Reisinger, G. Geserick, Age estimation of living people
undergoing criminal proceedings, Lancet 358 (2001) 89-90.

[5] R.E. Friedrich, C. Ulbricht, L.A. von Maydell, H.A. Scheuer, Identification of devel-
opmental stages of wisdom teeth on orthopantomograms of adolescents and
young adults as an aid for forensic-odontological age-estimations: predictive
values for the chronological age of 18 years, Arch. Kriminol. 216 (2005) 73-88.

[6] A.C. Solari, K. Abramovitch, The accuracy and precision of third molar develop-
ment as an indicator of chronological age in Hispanics, ]. Forensic Sci. 47 (2002)
531-535.

[7] H.H. Mincer, E.F. Harris, H.E. Berryman, The A.B.F.O. study of third molar devel-
opment and its use as an estimator of chronological age, ]. Forensic Sci. 38 (1993)
379-390.

[8] A. Olze, A. Schmeling, M. Taniguchi, H. Maeda, P. van Nieker, K.D. Wernecke, G.
Geserick, Forensic age estimation in living subjects: the ethnic factor in wisdom
tooth mineralization, Int. ]. Legal Med. 118 (2004) 170-173.

[9] S. Arany, M. lino, N. Yoskioka, Radiographic survey of third molar development in
relation to chronological age among Japanese juveniles, ]. Forensic Sci. 49 (2004)
534-538.

[10] K. Gunst, K. Mesotten, A. Carbonez, G. Willems, Third molar root development in
relation to chronological age: a large sample sized retrospective study, Forensic
Sci. Int. 136 (2003) 52-57.

[11] A. Olze, M. Taniguchi, A. Schmeling, B.L. Zhu, Y. Yamada, H. Maeda, G. Geserick,
Comparative study on the chronology of third molar mineralization in a Japanese
and a German population, Leg. Med. 5 (2003) S256-5260.

[12] A. Meinl, S. Tangl, C. Huber, B. Maurer, G. Watzek, The chronology of third molar
mineralization in the Austrian population—a contribution to forensic age estima-
tion, Forensic Sci. Int. 169 (2007) 161-167.

[13] K. Orhan, L. Ozer, A.L. Orhan, S. Dogan, C.S. Paksoy, Radiographic evaluation of
third molar development in relation to chronological age among Turkish children
and youth, Forensic Sci. Int. 165 (2007) 46-51.

[14] ].L. Prieto, E. Barberia, R. Ortega, C. Magafia, Evaluation of chronological age based
on third molar development in the Spanish population, Int. J. Legal Med. 119
(2005) 349-354.

[15] M.V. Bolafios, H. Moussa, M.C. Manrique, M.]. Bolafios, Radiographic evaluation of
third molar development in Spanish children and young people, Forensic Sci. Int.
133 (2003) 212-219.

[16] L. Kullman, Accuracy of two dental and one skeletal age estimation method in
Swedish adolescents, Forensic Sci. Int. 75 (1995) 225-236.

[17] T. Solheim, P.K. Sundnes, Dental age estimation of Norwegian adult—a compari-
son of differential method, Forensic Sci. Int. 16 (1980) 7-17.

[18] S. Martin-de las Heras, P. Garcia-Forte, A. Ortega, S. Zodocovich, A. Valenzuela,
Third molar development according to chronological age in populations from
Spanish and Magrebian origin, Forensic Sci. Int. 174 (2008) 47-53.

[19] G.Willems, A. Van Olmen, B. Spiessens, C. Carels, Dental age estimation in Belgian
children: Demirjian’s technique revisited, ]. Forensic Sci. 46 (2001) 893-895.

[20] K. Mesotten, K. Gunst, A. Carbonez, G. Willems, Chronological age determination
based on the root development of a single third molar: a retrospecitive study
based on 2513 OPG's, ]. Forensic Odonto-Stomatol. 21 (2003) 31-35.

[21] E.F. Harris, Mineralization of the mandibular third molar: a study of American
Blacks and Whites, Am. ]. Phys. Anthropol. 132 (2007) 98-109.

[22] H.M. Liversidge, Timing of human mandibular third molar formation, Ann. Hum.
Biol. 35 (2008) 294-321.

[23] K. Mesotten, K. Gunst, A. Carbonez, G. Willems, Dental age estimation and third
molars: a preliminary study, Forensic Sci. Int. 129 (2002) 110-115.

[24] N. Chaillet, A. Demirjian, Dental maturity in South France: a comparison between
Demirjian’s method and polynomial functions, ]. Forensic Sci. 49 (2004) 1059-
1066.

[25] N.Chaillet, M. Nystrom, M. Kataju, A. Demirjian, Dental maturity curves in Finnish
children: Demirijian’s method revisited and polynomial functions for age esti-
mation, ]. Forensic Sci. 49 (2004) 1324-1331.

[26] N. Chaillet, G. Willems, A. Demirjian, Dental maturity in Belgian children using
Demirjian’s method and polynomial functions: new standard curves for forensic
and clinical use, Forensic Odontostomatol. 22 (2004) 18-27.

[27] N. Chaillet, M. Nystrom, A. Demirjian, Comparison of dental maturity in children
of different ethnic origins: international maturity curves for clinicians, J. Forensic
Sci. 50 (2005) 1164-1174.

[28] J.A. Blankenship, H.H. Mincer, KM. Anderson, M.A. Woods, E.L. Burton, Third
molar development in the estimation of chronologic age in American blacks as
compared with whites, ]. Forensic Sci. 52 (2007) 428-433.

[29] A.De Salvia, C. Calzetta, M. Orrico, D. De Leo, Third mandibular molar radiological
development as an indicator of chronological age in a European population,
Forensic Sci. Int. 146S (2004) S9-S12.

[30] P.M. Garamendi, M.I. Landa, ]. Ballesteros, M.A. Solano, Reliability of the methods
applied to assess age minority in living subjects around 18 years old: a survey on a
Moroccan origin population, Forensic Sci. Int. 154 (2005) 3-12.

[31] B. Willershausen, N. Loffler, R. Schulz, Analysis of 1202 orthopantograms to
evaluate the potential of forensic age determination based on third molar
developmental stages, Eur. J. Med. Res. 6 (2001) 377-384.

[32] W.W. Greulich, S.I. Pyle, Radiographic Atlas of Skeletal Development of the Hand
and Wrist, second ed., Stanford University Press, Stanford, CA, 1959.

[33] J.M. Tanner, M.J.R. Healy, H. Goldstein, N. Cameron, Assessment of Skeletal
Maturity and Prediction of Adult Height (TW3 Method), W.D. Saunders, London,
2001.

[34] R.Cameriere, L. Ferrante, D. Mirtella, M. Cingolani, Carpals and epiphyses of radius
and ulna as age indicators, Int. J. Legal Med. 120 (2006) 143-146.

[35] K.F.Kreitner, F.J. Schweden, T. Riepert, B. Nafe, M. Thelen, Bone age determination
based on the study of the medial extremity of the clavicle, Eur. Radiol. 8 (1998)
1116-1122.

[36] A. Schmeling, R. Schulz, W. Reisinger, M. Miihler, K.D. Wernecke, G. Geserick,
Studies on the time frame for ossification of medial clavicular epiphyseal cartilage
in conventional radiography, Int. ]. Legal Med. 118 (2004) 5-8.

[37] R. Schulz, M. Miihle, S. Mutz, S. Schmidt, W. Reisinger, A. Schmeling, Studies on
the time frame for ossification of the medial epiphysis of the clavicle revealed by
CT scans, Int. J. Legal Med. 119 (2005) 142-145.

[38] M. Miihler, R. Schulz, S. Schmidt, A. Schmeling, W. Reisinger, The influence of
sliced thickness on assessment of clavicle ossification in forensic age diagnostics,
Int. J. Legal Med. 120 (2006) 15-17.

[39] A.Schmeling, W. Reisinger, G. Geserick, A. Olze, Age estimation of unaccompanied
minors. Part I. General considerations, Forensic Sci. Int. 159 (2006) 61-64.

[40] R. Schulz, P. Zwiesigk, M. Schibbor, S. Schmidt, A. Schmeling, Ultrasound studies
on the time course of clavicular ossification, Int. ]. Legal Med. 122 (2008) 163-
167.

[41] D.Schulze, U. Rother, A. Fuhrmann, S. Richel, G. Faulmann, M. Heiland, Correlation
of age and ossification of the medial clavicular epiphysis using computed tomog-
raphy, Forensic Sci. Int. 158 (2006) 184-189.

[42] L. Kullman, G. Johanson, L. Akesson, Root development of the lower third molar
and its relation to chronological age, Swed. Dent. ]. 16 (1992) 161-167.

[43] L. Gleiser, E.E. Hunt, The permanent mandibular first molar: its calcification.
Eruption and decay, Am. J. Phys. Anthropol. 13 (1955) 253-283.

[44] S. Kohler, R. Schmelzl, C. Loitz, K. Piischel, Die Entwicklung des Weisheitszahnes
als Kriterium der Levensalterbestimmung, Ann. Anat. 176 (1994) 339-345.

[45] R.H. Woodward, P.L. Goldsmith, Cumulative Sum Techniques, ICI Monograph,
Oliver and Floyd, Edinburgh, 1964.

[46] British Standards Institution, “Guide to Data Analysis and Quality Control Using
Cusum Techniques”, BS5703, London, Part 1. 1980, “Introduction to Cusum
Charting”. Part 2, 1980, “Decision Rules and Statistical Tests for Cusum Charts
and Tabulations”.

[47] M.A. Aizerman, E.M. Braverman, L.I. Rozonoer, Theoretical foundations of the
potential function method in pattern recognition learning, Autom. Remote Con-
trol 25 (1964) 821-837.

[48] H. Drucker, CJ.C. Burges, L. Kaufman, A. Smola, V. Vapnik, Support vector
regression machines, Adv. Neural Inform. Process. Syst. (1997) 155-161.

[49] I Schour, M. Massler, The development of the human dentition, J. Am. Dent. Assoc.
28 (1941) 1153-1160.


http://www.charite.de/rechtsmedizin.agfad/empfehlungen/empfehlung_strafverfahren_eng.pdf
http://www.charite.de/rechtsmedizin.agfad/empfehlungen/empfehlung_strafverfahren_eng.pdf

94 M. Van Vlierberghe et al. / Forensic Science International 201 (2010) 86-94

[50] C.F.A. Moorrees, E.A. Fanning, E.E. Hunt, Age variation of formations stages for ten
permanent teeth, J. Dent. Res. 42 (1963) 1490-1502.

[51] CJ. Nortjé, The permanent mandibular third molar, J. Forensic Odontostomatol. 1
(1983) 27-31.

[52] K.Haavikko, The formation and the alveolar and clinical eruption of the permanent
teeth. An orthopantomographic study, Proc. Finn. Dent. Soc. 66 (1970) 103-
170.

[53] D.L. Anderson, G.W. Thompson, F. Popovich, Age attainment of mineralization
stages of the dentition, ]. Forensic Sci. 21 (1976) 191-200.

[54] G. Gustafson, G. Koch, Age estimation up to 16 years of age based on dental
development, Odontol. Rev. 25 (1974) 297-306.

[55] B. Kahl, W. Schwarze, Aktualisierung der Dentitionstabelle von I. Schour und M.
Massler von 1941, Fortschr. Kieferorthop. Koln. 49 (1988) 432-443.

[56] ]. Thorsen, U. Hdgg, The accuracy and precision of the third mandibular molar as
an indicator of chronological age, Swed. Dent. J. 15 (1991) 15-22.

[57] K.A. Kasper, D. Austin, A.H. Kvanli, T.R. Rios, D.R. Senn, Reliability of third molar
development for age estimation in a Texas Hispanic population: a comparison
study, J. Forensic Sci. 54 (2009) 651-657.

[58] Y. Sisman, T. Uysal, F. Yagmur, S.I. Ramoglu, Third-molar development in relation
to chronologic age in Turkish children and young adults, Angle Orthodontist 77
(2007) 1040-1045.

[59] R. Cameriere, H. Brkic, B. Ermenc, L. Ferrant, M. Ovszenik, M. Cingolani, The
measurement of open apices of teeth to test chronological age of over 14-year
olds in living subjects, Forensic Sci. Int. 174 (2008) 217-221.

[60] K. Orhan, L. Ozer, Al Orhan, S. Dogan, C.S. Paksoy, Radiographic evaluation of
third molar development in relation to chronological age among Turkish children
and youth, Forensic Sci. Int. 165 (2007) 46-51.

[61] A. Olze, M. Taniguchi, A. Schmeling, B.L. Zhu, Y. Yamada, H. Maeda, H. Geserick,
Studies on the chronology of third molar mineralization in a Japanese population,
Leg. Med. 6 (2004) 73-79.

[62] C.M. Nolla, The development of the permanent teeth, ]. Dent. Child. 27 (1960)
254-266.

[63] P.W. Thevissen, P. Pitayapat, S. Fieuws, G. Willems, Estimating age of majority on
third molars developmental stages in young adults from Thailand using a modi-
fied scoring technique, J. Forensic Sci. 54 (2009) 428-432.

[64] R.E. Friedrich, C. Ulbricht, L.A. von Maydell, The influence of wisdom tooth
impaction on root formation, Ann. Anat. 185 (2003) 481-492.

[65] B.Knell, P. Ruhstaller, F. Prieels, A. Schmeling, Dental age diagnostics by means of
radiographical evaluation of the growth stages of lower wisdom teeth, Int. J. Legal
Med. 123 (2009) 465-469.

[66] E.Rozkovcova, M. Markova, J. Lanik, ]. Zvarova, Development of third molar in the
Czech Population, Prague Med. Rep. 105 (2004) 391-422.



	A comparative study of two different regression methods for radiographs in Polish youngsters estimating chronological age on third molars
	Introduction
	Materials and methods
	Results
	Intra-operator variation
	Descriptive statistics of age categories
	Comparison male-female and the differences between the quadrants
	Regression analysis

	Discussion
	Applying the MG&amp;H scoring system
	Age categories
	Male/female/quadrant/ethnic comparison
	Relationship between age and scores
	Other considerations

	Conclusion
	References


