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ABSTRACT
The age estimation method as described by Demirjian is the most frequently used
tool to estimate the sub-adult dental age in forensic dentistry. This technique has
been shown to over or under estimate the chronological age of sub-adults when
applied to specific population groups. The aim of this study was to compare a
black South African population sample with the original French-Canadian model to
determine if Demirjian’s method accurately reflects the true chronological age of
this population group.

A sample of panoramic radiographs from 279 boys and 325 girls between the ages
of 6 and 16 was obtained from the School of Dentistry University of Pretoria, and
from orthodontists in private practice in the Pretoria region. The panoramic
radiographs were used to score the seven left mandibular teeth. The calculated
maturity score was used to determine the Demirjian dental age. All panoramic
radiographs were scored by one examiner. A subset of 20 panoramic radiographs
was scored by a second examiner and reliability tested using a Wilcoxon Matched
Pairs Test.
iii

This research showed that black South African children have a more advanced
dental age compared to French-Canadian children. Demirjian overestimated the
age for boys by 0.8 years and for girls by 0.5 years.
The dental age assessment provided by Demirjian is not suitable for black South
African children. As a result, new standards of dental age assessment should be
established for this population.
Key words: Dental age estimation, Demirjian’s method, panoramic
radiographs, forensic dentistry
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A PILOT STUDY TO ASSESS DENTAL AGE ESTIMATION IN
BLACK SOUTH AFRICAN CHILDREN USING DEMIRJIAN’S
METHOD

Chapter 1

Introduction
Age estimation plays an important role in several dental disciplines. In forensic
dentistry there is a frequent need to determine the age of unidentified skeletons or
individuals who have no record/documentation of their chronological age. 1-3 The
importance of accurately estimating the chronological age of suspects involved in
serious crime necessitates the use of highly accurate age estimation techniques in
the age groups 6 to 18 years. The critical ages for criminal liability in South Africa
are 7 and 14 years. The law in South Africa states that a child who has not yet
completed his or her seventh year lacks criminal capacity and cannot be held
criminally responsible. At the age of 14 years, a child is regarded as an adult and
creates no presumption of lack of capacity. The aim of determining age is to
provide the forensic odontologist with an accurate age range within a biological
profile. If the age range is too large it will not be helpful to accurately determine
age in a certain age range. In order to be of the greatest possible value, the
method used should have the lowest possible standard deviation and be validated
for the individual‟s specific population group.2 A study should cover the age range
for the formation stages being assessed and should be representative so as to
include both early and late developers. The degree of maturation of different
tissue systems determines the physiological age. Numerous biological ages have
been developed and these includes: skeletal age, morphological age, secondary
sex character age and dental age.4

The method most frequently used in forensic dentistry was described by Demirjian
et al.4 The two ages important to us, namely 7 and 14 years can be evaluated and
determined using Demirjian‟s method. It was recommended that adaptations
would be necessary in order to use this technique in other population groups. The
1

maturity standards determined were based on samples of French Canadian
origin.4 This was confirmed by other authors who found Demirjian‟s technique less
accurate in their specific populations, due to an over and underestimation of
dental age in their populations groups. 2, 3, 5, 6, 7

Several other methods have also been described to determine dental age; these
cover the range of ages from 4 months to 21 years of age. One of these methods
uses the time of eruption as a parameter. The time of eruption is the moment
when the tooth perforates the gingiva/keratinized mucosa.8 A disadvantage of this
method is that it is difficult to determine accurately the exact time of emergence.
Emergence may also be influenced by early loss of primary teeth. This method is
only useful during the relatively short period of time when eruption takes place.
Determination of emergence is dependent on the timing of observation. Third
molars may be problematic because of the high incidence of variation in their
emergence patterns and because third molars are absent in 20 per cent of all
patients.9

Other methods use measurements from radiographs as an indicator of dental age.
They determine the length of the tooth, crown or root.10-12 Some of these methods
show good validity but it is sometimes difficult to determine the exact length of a
root from a radiograph.13
The method Demirjian et al.4 described was based on simplified chronological age
estimation by restricting the number of tooth development stages to 8 and scoring
them from „A‟ to „H‟. The eight stages represent the calcification of each tooth,
from crown and root calcification to the closure of the apex. A score was derived
for each tooth and each development stage, from the method Tanner et al.14
described for skeletal maturity. The scoring was limited to the first seven teeth of
the lower left quadrant and compared to a graphical representation of the
developmental stages. Each developmental stage had specific criteria and for
each stage there were one, two or three written criteria. When only one criterion
was given, the criterion had to be met to reach that specific stage; if two criteria
were given it was sufficient if only the first one was met; if three criteria were given
the first two had to be met to consider the stage reached. By using statistical
2

analysis a maturity score was assigned for each of the seven teeth of each of the
8 developmental stages. Separate standards were calculated for boys and girls. It
is important to distinguish gender when assessing dental age. It was found that
individual teeth showed a common pattern during early stages of development for
both sexes.15

Demirjian et al. used a tooth rating that was converted into a score using tables
for boys and girls respectively. All the scores for each of the seven teeth were
added and the maturity score was calculated. The maturity score was then
converted into dental age by using the published conversion tables. A sample of
panoramic radiographs of 1446 French Canadian boys and 1482 French
Canadian girls ranging in age from three to seventeen were used.4 The original
method was soon updated and included a larger sample size with a wider age
range. The newer standards were based on data derived from a sample of 4756
French-Canadian children, ranging in age from 2-20 years. The examinations took
place at the Ste-Justine Hospital and Growth Centre in Montreal. All the children
had parents and grandparents of French Canadian origin.16

3

Chapter 2
Overview of the literature
The validity of Demirjian‟s method has been tested for numerous population
groups worldwide to determine if the dental age estimation is valid for their
specific population group. Factors that could affect the timing and rate of
development and cause a variation between specific population groups include
genetic factors, variation in age, sex and race. Non-genetic and environmental
factors may both play a role and have an influence on the timing and rate of
development. Understanding these factors as well as the potential influence of
these factors on dental development is important. These factors must be taken
into account when studying and comparing specific population groups.
A summary follows of the studied population groups worldwide to demonstrate
that differences exist between their specific population group and the original
group from Demirjian. Factors that may cause variation between different
populations will also be considered.

2.1 Studies done on different population groups
A study done by Phillips VM and van Wyk Kotze TJ, on three South African
children samples, found that Demirjian‟s method of age estimation consistently
overestimated the ages of the three samples. The authors then constructed the
Phillips tables which incorporated the correction factors required to more
accurately estimate the ages of the three groups. This study was however
restricted to Zulu and Xhosa children, collectively grouped as Nguni. The sample
consisted of 171 Zulu children form Durban, Kwazulu Natal and 65 Xhosa children
form the Western Cape. The samples were however not separated into males and
females.17 In another study done by Phillips VM and van Wyk Kotze TJ, 91 black
Zulu with an age range of between seven and 15 years were used. The results of
this study demonstrated that Demirjian‟s method overestimated 90% of the
ages.18

4

In a Belgian Caucasian sample using 2116 panoramic radiographs of 1029 boys
and 1087 girls, the age ranged from 1.8 to 18.0 years for the boys and 2.1 to 18
years for the girls. Demirjian‟s method resulted in a significant overestimation in all
of the 13 age classes. The sample revealed a median difference of 0.5 years for
boys (mean: 0.4; standard deviation: 1.0) and a median difference of 0.6 years for
girls (mean: 0.7; standard deviation: 1.0). The greatest overestimation was found
in the age group of 9 to 10 years for boys and 9 to 10 and 10 to 11 years for girls.
The study used a single-rank test to search for age differences between dental
age and chronological age and the outcome was that the adapted scoring system
resulted in higher accuracy.3

A Finnish study used 738 panoramic radiographs of 389 girls and 349 boys which
ranged from 2.5 to 16.5 years. The Finnish population can be considered
ethnically homogeneous. The results showed that Finnish children were more
advanced in dental maturity compared with French-Canadian children. Boys
demonstrated a difference of 4.5 months at the age of 5-10 years and 7 months at
the age of 11-12 years. For the girls advancement was seen at the age 4 to 12
years. On average Finish girls were 3.5 months ahead of French Canadian girls at
the age of 4-9 years and 9 months ahead at 10-14 years.The study concluded that
dental maturity differences exist among white population groups.19

A study carried out at the University of Oslo, Norway showed that Norwegian
children were slightly more advanced in dental maturity when compared with
French – Canadian children. The study used 128 boys and 133 girls. Boys
demonstrated a mean difference between dental age and chronologic age of 1.5
to 4.0 months. The girls had an increase with age, varying from 0 to 3.5 months in
the younger age groups (5.5 to 9.0 years) and 4.5 to 7.5 months in the groups 9.5
years and older. The average dental age was not markedly different form the
original French-Canadian sample. In the older age groups 95% of the estimates
were within 2 years of the chronological age. The study concluded that the applied
standards may be adequate to determine dental age in Norwegian children.20

5

In a Dutch study a total of 451 children including 226 boys and 225 girls were
studied using Demirjian‟s method. Inclusion criteria were children between the age
of 3 and 17 years and non-Caucasian patients were excluded.

The results

showed a significant difference between chronological age and dental age. Dutch
boys were 0.4 years and the girls 0.6 years ahead of the French-Canadian
standard. The French-Canadian standards were found not to be suitable for Dutch
children. The study constructed new graphs using a logistic curve with the
equation Y=100*{1/ (1+e-α(x-x0))} as their basis.21

In Southwest Germany at the University of Freiburg a cross-sectional study was
undertaken to assess the dental age of boys and girls between the ages of 2 and
20 years. They evaluated 1003 panoramic radiographs from 514 girls and 489
boys. The subjects were from German origin. Statistical evaluation revealed a
correlation between the parameters chronological age and the score sum of r =
0.85 for girls and r = 0.89 for boys. The results revealed that dental age
distribution in Southwest Germany is not correlated with that of a FrenchCanadian population. The score sum values for both sexes in relation to the
chronological age were plotted as a log curve. Sexual dimorphism was found with
the girls demonstrating accelerated growth.22

In an assessment of dental maturity of Western Chinese children, digital
panoramic radiographs of 445 children were used; the ages of the 228 girls and
217 boys ranged from 8 to 16 years. The chronological and dental ages were
compared using a paired t-test. The results demonstrated a more advanced dental
age compared to the French-Canadian population. The mean difference between
dental age and chronological age in each age group ranged from 0.0071 to 1.25
years in girls and from 1.00 to 1.30 years in boys. The conclusion was that the
standards according to Demirjian for French-Canadian children were not suitable
for Western Chinese children. A new logistic curve at the 50th percentile was
drawn through all points to determine the mean age for each of the dental maturity
scores for both boys and girls. Girls demonstrated a more advanced dental
development and reached dental maturation earlier than boys.6
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In a study form Central Poland, 994 panoramic radiographs were used to validate
Demirjian‟s method for this population group. Children aged 6 to 16 were included.
The results of the study demonstrated a considerable acceleration in the dental
age using Demirjian‟s method. The greatest acceleration was observed in girls
aged 11 and 12 and in boys 13 years old. In both sexes there was considerable
acceleration of dental age for the 6-year old group. The study showed no
statistically significant difference in dental age when boys and girls from Central
Poland were compared with one another for any particular age group.

The

conclusion of the study was that it was necessary to establish new tables for this
population.7

A South Australian study done on 615 South Australian children found that it was
necessary to generate new standard curves to assess age. The study found that
Demirjian‟s dental age coincides with chronological age in 34.7 per cent of males
and 39.6 per cent of females. The study found that South Australian children are
less advanced in the early years when compared to Demirjian‟s standard, but they
become more advanced once they reach 15 years of age. Australian and nonAustralian children showed no statistical difference when established dental age
was compared with chronological age. The children with differences between
established dental age and chronological age, showed no statistical significance
between Australian born children with parents of Australian birth and children with
either one or two parents of non-Australian decent. The reason for this would
appear to be the multicultural nature of the Australian society.23

In a study done in New Zealand three ethnic groups namely Maori, European and
Pacific Island children were studied and levels of dental maturation of each of the
three populations groups were determined. The sample size consisted of 1383
panoramic radiographs (660 males, 723 females) and included 477 Maori, 762
Europeans and 144 Pacific Island children ranging in age between 3 and 14
years. When the differences in dental age between European and Maori, and
European and Pacific Island children were determined, a population difference
divergence was found in ages 9-11 years. The results demonstrate that
Polynesian children mature earlier than European children. The study highlights
the importance of using population specific standards.24
7

A British study done on 521 London children of Bangladeshi and white Caucasian
(English, Welsh and Scottish) origin aged 4 to 9 years, found that the British
children were dentally more advanced than the Canadian standards. In girls the
mean difference was 0.51±0.79 years and boys was 0.73±0.73 years.The study
also found no significant difference between the Bangladeshi and white
Caucasian groups.25
In a study done in Malaysia, Demirjian‟s method overestimated the age by 0.75
years for boys and by 0.61 years for girls. The study only included Malays to
ensure the sample was uniform in ethnicity. This was a cross-sectional study and
involved 428 children between the age of 7 to 15 years (214 boys and 214 girls).
The authors in this study found Demirjian‟s method to be inapplicable for their
population group. They also tested the Willems method on the same sample
group. This method also demonstrated an overestimation. For boys the
overestimation was 0.55 years and for girls it was 0.41 years. Both of these values
were statistically significant. The conclusion was that neither of the methods was
appropriate for a Malay population and that specific population standards are
needed.1

Dental maturity has also been compared in children of different ethnic origins. A
study used 9577 panoramic radiographs from 8 countries and used Demirjian‟s
method to determine dental maturity scores and established specific tables for
each gender as well as development graphs. The study provided dental maturity
standards when the ethnic origin was unknown and also compared the dental
maturity of these different populations. The conclusion was that the dental
developmental tables are very reliable and should be used when the ethnicity is
unknown. They stated that these dental development tables were not as accurate
as the tables calculated for a specific country.2

The results of the studies mentioned above generally question the suitability of
Demirjian‟s method as a blanket age estimation technique for children aged 2-18
years, and support the need for population specific adjustments.

8

2.2 Genetic factors
Variations in growth between different individuals are the consequence of
differences in protein synthesis of enzymes. These processes are a reflection of
the genetic composition of each individual.26 Genes play a very important role in
the initiation and regulation of the different dental development stages. The
regulation process can vary and has the potential to do so. Genetic control occurs
as a result of a switch mechanism. The specific genes for development can be
switched on or off; producing specific substances which are important for a
specific cellular activity.27 Variations in the timing of the initiation of these switching
mechanisms may result in variation between development in individuals.
Tooth morphogenesis is regulated by chronological and mutual interactions
between epithelium and mesenchyme. Paracrine signal molecules mediate cell
communication. Most of the signal molecules belong to transforming growth factor
β (TGF β), fibroblast growth factor (FGF), Hedgehog and Wnt families. The genes
are regulated by signals from transcription factors and signal receptors.28 A
substantial proportion of the overall variability in tooth mineralization rate can be
attributed to genetic effects. Research has shown that the size of somatic
structures is genetically regulated and that the rate of development of these
structures is under significant genetic control. Genetic factors can be responsible
for up to 82% of the variation rate of dental development.29

2.3 Epigenetics
Epigenetic mechanisms, causing chromatin structure modifications, may also play
a role in the variation we find between individuals and different population groups.
The epigenetic signature of each differentiated cell type reflects the cells
genotype, developmental history and environmental influences. This will ultimately
give rise to the phenotype of the cell or organism. During fetal development, major
epigenetic reprogramming takes place. Periods like these are very sensitive.

9

Proper or improper handling of these sensitive periods may lead to short or long
term effects for the individual or offspring.30

Epigenetic modifications include DNA methylation and histone post-transcriptional
modifications. The histone post-transcriptional modifications include methylation,
acetylation, ubiquitination and phosphorylation.31

The process of aging involves a series of changes the organism undergoes during
its lifetime. These include anatomical, physiological, biochemical and genetic
changes. Epigenetics can be one component of aging. Epigenetic factors are
heritable and modulated by external factors. The external factors causing change
represent a molecular link between environment and aging.32

Postnatal life DNA methylation patterns are not fixed. These patterns can change
with aging and can involve various mechanisms.30

Exogenous factors are a

proposed reason for DNA methylation status change with age. These factors
include diet and drugs. An excess or deficiency of a variety of dietary elements
can be the cause of global methylation patterns. The exposure to toxins and
chemicals in the environment may lead to chemical modification of cytosines.30

The epigenome is very vulnerable during embryogenesis due to the high DNA
synthetic rate. Environmental factors may influence this proses. During these early
development

stages,

normal

tissue

development

is

established.

The

environmental influence on epigenetic gene regulation may continue transgenerationally even if there is a lack of exposure in the 2 nd, 3rd and 4th
generations.33
The „Barker hypothesis‟ may be another reason for growth pattern variation. The
hypothesis states that any change in fetal nutrition and endocrine status may
result in adaptions in the development. This may change structure, physiology and
metabolism of the individual. Maternal under-nutrition reduces fetal growth during
gestation.34
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Epigenetics may be an important factor to consider when studying variation
between populations.

Population groups exposed to different environmental

factors can ultimately lead to differences in the growth of the studied individual.

2.4 Gender effects on age determination
It is important to distinguish gender when assessing dental age. Within any given
population there is a difference in the rate of development between boys and girls.
For somatic growth girls are generally more advanced than boys up to the preadolescent years.15 It was found that individual teeth showed a common pattern
during early stages of development for both sexes. There was no difference in the
chronology of dental mineralization between boys and girls for stage A, B and C; different stages representing crown formation of teeth. Girls were more advanced
by an average of 0.35 year for stage D (completion of crown development).
Stages E, F, G and H represent root development. During the stages of root
development the mean difference between sexes was 0.54 year for all teeth. The
canine presented with the largest difference, 0.90 years. The data demonstrates
the importance of sexual dimorphism particularly during the stages of root
development.15 When assessment of dental maturation is done, gender
differences must be taken into account. In Australian children there were no
statistical differences between genders in the lower age groups. This however
changed for the 11 to 12.9 year group with a significant difference between the
two sexes for estimated dental age. The age group 13 to 14.9 years demonstrated
a significant difference in variance but not in the mean value. The 15 to 16.9 age
groups showed similar results with significant variance of the established dental
age but no difference in the mean value.23 In a study done in New Zealand they
used quantile regression analysis to show differences between boys and girls
across the age groups investigated. They found that knowledge of the sex does
not increase the accuracy of estimating age because the magnitude of the error of
estimating age is greater than the difference between the sexes. 24 A British study
showed that the mean age of completion of tooth development stages was earlier
in girls. The related stage of each individual tooth related to stage M 1 was
investigated for both sexes. Only one tooth showed a sex difference related to the

11

M1 formation stage but this did not affect the related stage. The canine formation
when M1 was at stage E, F and G was meaningfully advanced for girls when
compared to boys. This indicates that girls begin their development earlier but
also advance through the particular stages more rapidly.35 Until 18 years of age
girls are always more advanced in dental maturity. At the ages of 12 to 13 years
boys do start to catch up in growth. At the level of inter-population variability the
girls‟ maturity acceleration and the catch up growth for boys are less obvious. The
dimorphism of the adolescent period is less conforming due to the fact that the
population variability is higher than the variability of the gender. The greatest
degree of sexual dimorphism occurs during the root formation stages and the
difference during the crown formation stages are negligible.2

2.5 Race influence on age determination
Between individuals we find genetic variation. Groups of similar geographical and
racial origins do show differences in growth and development. It is therefore
important to identify the racial background of the population being studied.
During a symposium hosted in 2007 at the University of New Mexico36 on the
topic “Race Reconciled” the delegates agreed on the following points:


That a considerable variation exists between individuals in a specific

population.


Biological variations exist between individuals from different populations.



Patterns in group variation have been largely influenced by their culture,

ecology and geography.


That variation has important research implications.

For forensic practice the following conclusions may be drawn. Studies on skeletal
maturation for populations of all major ethnic groups, are available. It was found
that all the populations studied demonstrated identical and defined stages for
skeletal maturation. Secondly it was determined that time related differences
when passing through skeletal maturation were not affected by ethnicity and X-ray
12

standards. The conclusion is that forensic age estimation may be applied to ethnic
groups which are different to the reference population.37

It was shown that there was no statistical difference between Australian and nonAustralian children with respect to the differences between established dental age
and chronological age. No statistical difference between Australian born children
with parents of Australian birth and those with one or both non-Australian parents
could be found with respect to the differences between established dental age and
chronological age. No obvious relationship to country classification was detected
for children with a large difference between established dental age and
chronological age. A multicultural society would appear to be the reason.23The
dental development of two ethnic groups (Caucasian and Bangladeshi children)
living in London demonstrated no differences in dental maturation. 25, 35

Dental development has a special status within the development processes of the
human body. All the other processes used to measure maturity react to
malnutrition, disease and mental stress but the timing of dental formation remains
relatively unaffected. Strong evidence exist to indicate that odontogenesis is under
strong genetic control and gives a very high correlation with the chronological
age.38, 39

It was proposed that the southern Bantu speaking group can be considered a
homogeneous population.40 Geometric morphometric studies demonstrated that
southern African Bantu-speaking populations are very strongly related but did
show population specific features. The more traditional distribution of these
groups is however disappearing because of intermarriage.41

Differences observed between racial groups are not only of genetic origin. Growth
can be affected by both genetic and environmental factors and these factors do
not act independently. Environmental factors include nutrition and socio-economic
status. Genetically dissimilar populations respond differently to the same
environmental factors they are being exposed to. 42 Malnutrition affects skeletal
and dental systems but the latter is effected to a lesser degree. Statistically
significant correlations between dental emergence and nutrition remain low.9
13

Statistically significant varying rates of development have even been found within
the same racial groups. A sample from one region in Finland, with developed
predictive tables, was applied to another region in the same country. The
population in Finland is considered to be fairly homogenous racially. Statistically
significant differences in predicted age were found between the reference sample
from Helsinki and the rural community of Kuhmo in the north eastern part of
Finland. The northern sample were dentally more advanced.43
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Chapter 3

3.1 Aim
To determine the statistical adjustment needed when dental age is determined
using Demirjian‟s method for a black South African population sample.

3.2 Hypothesis
The standards of dental age assessment determined by Demirjian for FrenchCanadian children may not be suitable for a black South African population
sample. An underestimation of dental age is expected when Demirjian‟s method is
used on a black South African population sample.

15

Chapter 4

Materials and Method
4.1 Selection criteria and subjects
In this study, panoramic radiographs and clinical records of 604 black South
African children of known chronological age and gender were obtained from the
School of Dentistry University of Pretoria, and from orthodontists in private
practice in the Pretoria region. The children were from Pretoria and surrounding
areas in the Gauteng region. For this study a total of 279 boys and 325 girls
ranging in age from 6 to 16 years were used. Both film and digital panoramic
radiographs were used.

50
40
30
20
10
0

b
Number of subjects

Number of subjects

a

6 7 8 9 10 11 12 13 14 15 16
Chronological age boys

50
40
30
20
10
0
6 7 8 9 10 11 12 13 14 15 16
Chronological age girls

Table 1.The number of subjects and age distribution of the black South African (a)
boys and (b) girls.
The panoramic radiographs were collected from patients attending the dental
clinics and all radiographs formed part of the patient‟s routine dental treatment. No
panoramic radiographs were taken primarily for this research project. Exclusion
criteria included the following: age above 16.9 years and under 6 years at the time
the panoramic radiograph was taken; non South African children; presence of
systemic diseases; presence of congenital anomalies; unclear panoramic
radiographs, and aplasia of at least two corresponding teeth bilaterally in the
mandible. The subjects were divided into eleven groups. In age group 10, the
patients ranging in age from 10 to 10.9 were included and so on. The
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chronological age was converted to a decimal age using the date on the
panoramic radiograph and the patient‟s date of birth.

4.2 Dental age assessment
The assessment of dental age was performed according to Demirjian‟s method.
All the panoramic radiographs were scored by the author using the criteria set by
Demirjian et al.

4

without the knowledge of the patient‟s chronological age. The

mandibular seven left teeth were scored excluding the third molar. Each tooth
was rated on an 8-stage scale ranging from A to H depending on the stage of
calcification. Each stage of the seven teeth was then allocated a score, and the
sum of the scores gave a calculation of the subject‟s dental maturity.

Figure 1. Development stages as presented by Demirjian et al.4
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Stages
A

Molars

Bicuspids

Canines

Incisors

B

C

D

E

F

G

H

Figure 2. Examples of developmental stages of the permanent dentition used in
this study.
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Figure 3. Example of two subjects used in the study.

The chronological age was determined by subtracting the date of birth from the
date the panoramic radiograph was taken. Demirjian‟s developmental stages and
self-weighted score were used to allocate a tooth stage to the seven left
mandibular teeth and the maturity scores calculated. Demirjian‟s conversion
tables were used to convert the maturation score to a dental age.

Example 1. A boy with a chronological age of 8.7 years.

Tooth
number
Mandibular
tooth stage
Score

M2

M1

P2

P1

C

I2

I1

D

G

D

D

F

F

H

10.1

17.0

9.7

7.0

10.0

7.8

11.8

A score sum of 73.4 for boys translate into a dental age of 8.1 years.
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= 73.4

Example 2. A girl with a chronological age of 8.7 years.

Tooth
number
Mandibular
tooth stage
Score

M2

M1

P2

P1

C

I2

I1

D

G

D

E

F

H

H

11.1

14.0

10.6

11.8

10.3

14.2

12.9

= 84.9

A score sum of 84.9 for girls translate into a dental age of 8.6 years.

4.3 Reliability
All assessment of tooth formation was done by the first author. Twenty
radiographs were randomly selected and reassessed by another examiner after
calibration. The dental ages for all twenty radiographs were calculated. The
variations between the inter- and intra-examiners were tested using a Wilcoxon
Matched Pairs Test.
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Chapter 5
Results
The mean difference between the chronological age found in black South African
children compared to the dental age found in French-Canadian children ranged
from -1.35 to -0.29 in boys and from -0.89 to 0.74 in girls (Table 1).
Table 2. t-Test demonstrating the mean difference between the chronological age
and dental age for black South African boys and girls and French-Canadian
children according to Demirjian. The P-value in the last column was determined
using the Wilcoxon matched pairs test.

______________________________________________________________
Age

Mean chronological age (± SD)

Mean Dental age (± SD)

Mean difference

P-value

n

_______________________________________________________________________________
Boys
6
7
8
9
10
11
12
13
14
15
16

6.38 (0.35)
7.46 (0.31)
8.41 (0.30)
9.50 (0.28)
10.53 (0.31)
11.56 (0.31)
12.49 (0.28)
13.42 (0.30)
14.32 (0.25)
15.43 (0.32)
16.32 (0.22)

7.73 (0.44)
8.41 (0.85)
8.97 (1.26)
9.79 (1.02)
11.11 (1.58)
12.67 (1.53)
13.50 (1.35)
14.34 (1.51)
15.02 (1.22)
15.74 (0.74)
16.00 (0.00)

-1.35
-0.95
-0.56
-0.29
-0.58
-1.11
-1.01
-0.92
-0.70
-0.31

0.028
0.001
0.004
0.165
0.040
0.000
0.000
0.001
0.007
0.010
0.043

6
18
34
31
34
34
37
36
25
19
5

Girls
6
6.65 (0.15)
7.53 (0.53)
-0.88
0.002
7
7.43 (0.26)
8.09 (0.63)
-0.66
0.000
8
8.44 (0.31)
8.94 (0.82)
-0.50
0.000
9
9.47 (0.30)
10.23 (1.19)
-0.76
0.002
10
10.34 (0.28)
10.96 (1.17)
-0.62
0.001
11
11.44 (0.27)
12.18 (1.18)
-0.74
0.001
12
12.44 (0.27)
13.33 (0.99)
-0.89
0.001
13
13.42 (0.29)
14.19 (0.88)
-0.77
0.000
14
14.33 (0.28)
14.38 (1.09)
-0.05
0.346
15
15.47 (0.29)
15.68 (0.71)
-0.21
0.098
16
16.34 (0.31)
15.60 (0.68)
0.74
0.018
__________________________________________________________________________________

12
27
41
32
49
46
35
37
23
16
7

S.D.: standard deviation; P<0.05 is statistically significant; n: number of subjects.

In boys, all the age groups showed a negative mean difference. The negative
values demonstrate that all the age groups from 6 to 15 were advanced in growth
when compared to the French-Canadian children. For the boys there was a
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statistically significant difference between the chronological age and the dental
age compared to Demirjian‟s results for all the age groups except for age group 9
(Table 1). The greatest accelerated development is observed for age groups 6
and 11. Age group 16 for the boys was not analysed because all the children in
the group reached a dental score of 100 and the dental age could not be
computed.

In girls, age groups 6 to 15 showed a negative mean difference (advanced dental
age), and age group 16 a positive difference (retarted dental age).There was a
statistically significant difference between the chronological age and the dental
age compared to Demirjian‟s results for all the age groups except for age groups
14 and 15. The highest acceleration is observed for age groups 6 and 12. On
average black South African boys were 0.8 years and the girls 0.5 years ahead of
the French-Canadian children.

Table 3. Comparison of mean dental age of boys and girls in age groups.
Age group

Dental age
Boys

Girls

Mean
S.D.
n
6
7.73
0.44
6
7
8.41
0.85
18
8
8.97
1.26
34
9
9.79
1.02
31
10
11.11
1.58
34
11
12.67
1.53
34
12
13.50
1.35
37
13
14.34
1.51
36
14
15.02
1.22
25
15
15.74
0.74
19
16
16.00
0.00
5
S.D.: standard deviation; n: number of subjects.

Mean
7.53
8.09
8.94
10.23
10.96
12.18
13.33
14.19
14.38
15.68
15.60

S.D.
0.53
0.63
0.82
1.19
1.17
1.18
0.99
0.88
1.09
0.71
0.68

n
12
27
41
32
49
46
35
37
23
16
7

Comparison of the mean dental age of boys and girls demonstrate a more
advanced mean dental age for the boys for all the age groups except for age
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group nine (Table 2). On average girls reached dental maturity 0.12 years ahead
of boys when mean dental age is compared.

Figure 4. Box plots demonstrating the chronological and dental age of black
South African children for females and males. The mean values are indicated by
the squares, the rectangles indicate standard deviation and the thin lines indicate
the total ranges. The outliers and extremes are indicated with ° and * respectively.

Box plots of Chronological and Dental age (years)
18

16

14

12

10

8

6
Chronological
Outliers
Extremes

4
6 7 8 9 10 11 12 13 14 15 16
Gender: F

6 7 8 9 10 11 12 13 14 15 16

Gender: M
Chronological age group (years)

Dental
Outliers
Extremes

Chronological age (years)

The p value determined with the Wilcoxon Matched Pairs Test for examiner
reliability was 0.740368. This value is not significant and operator calibration
considered reliable.
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Chapter 6

Discussion
This study showed that the eight-stage system of Demirjian et al.4 is a simple and
convenient method to use when assessing tooth development. The influence of
geographic location and nutritional status in different population groups does
necessitate the evaluation of each individual population group so as to determine
the correction factor required for an accurate chronological age estimation. This
study is in agreement with the authors from numerous studies who demonstrated
that correction factors be used on different population groups.1,2,3,6,7,17,18,19,20,21 The
ease of use and the fact that the method of assessment is easily repeatable make
it a very advantageous method.4

This study showed that black South African children revealed a more advanced
dental age when compared to French-Canadian children from Demirjian‟s study.4
The mean difference between chronological age and dental age were 0.8 years in
boys and 0.5 years in girls.
In a recent study conducted by Liversidge44, the method of Demirjian was found to
be suitable without correction factors in a sample consisting of 4710 males and
4661 females (age 2-18). The outcome was that most adapted curves from all the
world regions fell well within the 95% confidence intervals at the 50 th percentile.
They found that the curves for the average age/score lying close to the edge
usually do not demonstrate raw data scores, and the sample size and raw data
used to construct these curves and included small sample sizes and complex
equations.44
In contrast to Liversidge‟s work this study showed a statistically significant
difference in boys aged 6, 7, 8, 10, 11, 12, 13, 14, and 15 at the p<0.05 level. All
these ages indicated that boys reached dental maturity earlier. For age group 9 no
statistical significant difference was found. A possible explanation for this can be
that the data set of 31 boys used for age group 9 was unreliable or the individuals
in this group could be classified as dentally average.
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In girls statistically significant differences were found in age groups 6, 7, 8, 9, 10,
11, 12, 13 and 16 at the p<0.05 level. The girls were more advanced for all these
ages and reached dental maturity earlier. For age groups 14 and 15 there were no
statistical significant differences found. A possible explanation could be that the
French-Canadian girls caught up to the black South African girls during these
ages, or black South African girls develop fast from age 6 to 13 but slow down
when they reach age 14 and 15 years. The number of subjects for age group 14
and 15 were 23 and 16 respectively, making these datasets less reliable. A
statistically significant difference was present for age group 16 years. This result
does not fit into the trend and this could be due to the dataset consisting out of
only seven girls. Small datasets can be non- representable and thus unreliable.
No individuals were discarded from the results regarded as „outliers‟. This was to
include all the children with advanced, normal and delayed ages.

The scatterplots constructed with our data (figure 5) demonstrates a broader band
between the 5th and 95th percentile lines for boys when compared to the girls. This
represents a greater variation in dental age for the boys, and this variation was
present for the entire age range. Biological differences between boys and girls are
the likely cause for the larger variation. A larger variation for other parameters has
been found for boys. These development parameters include height and age. 45
Most of our subjects fell within the 95th percentile range. For boys most of the
outliers were between the ages of 10 and 13 years and for girls between the ages
of 9 to 14 years.
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Figure 5. Scatterplots to demonstrate the calculated dental age by actual
chronological age for black South African children (a) boys and (b) girls. The 5th,
50th and 95th percentile lines are drawn.
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A more advanced mean dental age for the boys compared to the girls were found
for all the age groups except for age group nine (Table 2). On average girls
reached dental maturity 0.12 of a year ahead of the boys. These values are
however statistically not significant. When dental age is calculated using
Demirjian‟s method one must keep in mind that the correction was made in the
original research. To compare the dental age of boys with girls, new conversion
tables specific to that population group should be formulated. This finding is in
accordance with earlier maturation of other parameters of development in girls.
Girls demonstrate an earlier maturation of parameters such as height, sexual
maturation and skeletal age.45 To accurately compare sexual dimorphism a large
sample size should be used.

Reproducibility of any age estimation technique is essential. The researcher or
different researchers should be able to determine and obtain the same age
estimates for the same cases. The variations between the inter- and intraexaminer for this study indicated that the level of agreement was very high and
the method is thus reliable. Disagreement between examiners occurred primarily
in teeth 44 and 45 in stages G and H. The reason why particular stages of teeth
are more difficult to assess may centre on the qualitative assessment required by
this method. The given stages allow for variation in interpretation and assessment.
Qualitative assessment in the outer ranges of each formative stage creates
difficulties in this method.

A possible explanation for the advanced growth for the black South African
population can relate to the short formation times for enamel and dentine. 46 The
process of enamel and dentine formation is an extremely regulated process. A
study done on the count of enamel increments using histological analysis to
determine the duration of crown and root formation do show similarities between
different population groups. Crown formation times for anterior teeth were
consistently shorter in southern Africans compared to that of northern
Europeans.46 The formation of molar enamel found to be even less different from
one another and that these differences are very small. The first molar protoconid
formation times for a southern African group were shorter when compared to a
northern European group. The paracone formation time for the third molar is
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however greater in southern Africans than in northern Europeans but are both
exceeded by a North American sample. The difference in mean enamel formation
times for groups, sharing a close genetic origin, are as great as those from a more
diverse genetic origin.46 The differences between these diverse genetic groups are
very small. The enamel formation of southern Africans seems to be shorter when
compared to northern Europeans; this might explain the overestimation of dental
age for our population group. Radiographic studies are able to record both the
sequence of tooth mineralization and the timing of the various stages of tooth
mineralization of individual teeth.47 One disadvantage is that radiographs do not
have the resolution to differentiate between microscopic changes in tooth
growth.48

The numbers of children in each of the study age groups were different. For the
younger and older age groups fewer panoramic radiographs were available. Small
numbers make the data less reliable. The numbers in the remaining age groups
were sufficient to compare with Demirjian‟s population but not to establish
accurate new maturity scores for our population. Numerous published studies
used very small sample sizes with varying age ranges to adapt their maturity
scores. The usefulness of these studies must be questioned. Any tooth stage
demonstrates a wide age variation. To describe tooth formation at the population
level necessitates a sufficient sample size as well as a wide age range. All the
children with an advanced, normal and delayed age should be included when
establishing new maturity scores.44 Using inappropriate sample sizes will result in
inaccurate results.

It is uncertain to us why there is a difference between chronological age and
dental age. It is however important to remember that the score for dental maturity
represents the sum of weighted scores of 43 individual tooth stages and these
were determined using correspondence analysis with end point restrictions. If one
analyses the self-weighted scores for dental stages you will find that some scores
have zero weight especially in the early ages. In boys and girls stage, H of M1
carry the most weight namely 19.3 and 16.2 respectively4. At the end of dental
maturity fewer stages contribute more and this can cause a single stage to lead to
a large jump in dental age.5 Unfortunately these weighted score values do not
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have any biological meaning. 792 tooth stage sequences were found to be
present in seven year olds and the most common sequences was only found in
less than five percent of these children. The unique combinations for the seven
year olds exceeded one hundred. The large amount of different sequences might
add to the discrepancy we find between average chronological and dental age.46
One disadvantage of Demirjian‟s method is the fact that a limit exist and that one
tooth is able to predict age for the oldest child. The tooth in question is the second
molar and an addition of the third molar is advised to improve accuracy until the
age of eighteen. Demirjian‟s method is not useful after the age of sixteen and
cannot be used to accurately predict age beyond age eighteen.2

The only other study done on a South African sample is the study done by Phillips
VM and van Wyk Kotze TJ.17 When these two studies are compared, a few
important differences are noted. The sample size used in this study included 604
black children (279 boys and 325 girls) compared to a selected sample of 236
Nguni children (combined sexes) from the Phillips VM and van Wyk Kotze TJ
study. The number of children in each age group used in the Phillips VM and van
Wyk Kotze TJ study make the validity of the results for certain age groups
questionable. For this study new dental age related tables were not prepared
because statistically our population sample of 604 individuals was too small.
Dental age related tables were however prepared by the Phillips VM and van Wyk
Kotze TJ study using only 236 individuals. The validity and accuracy of the age
related table should be questioned when such a small sample was used to
construct the table. In the Phillips VM and van Wyk Kotze TJ study the boys and
girls for the Nguni group were combined to generate generic tables. This study is
in agreement and found no statistical difference between the two sexes when
boys and girls are kept as separate entities. This study agrees that even though
there are slight differences between the two sexes it is not significant enough to
influence age estimation. The reliability of the analysis quality of this study was
tested by inter- and intra-examiner assessment. The author of the Phillips VM and
van Wyk Kotze TJ study was the only observer. Being the only observer could
lead to continues misinterpretation of certain age stages, which in turn could lead
to inaccurate results. This study however confirms the results from the Phillips VM
and van Wyk Kotze TJ study that the Demirjian method over estimates dental age.
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A larger study, in which all Black population groups are included, needs to be
carried out, to accurately determine the correction factor needed in a Black South
African population.

Panoramic radiographs are still considered the best method of estimating age in
children.49 Quality panoramic radiographs are however necessary to accurately
determine the amount of crown, root and apex formation. Technically inferior
radiographs make optimal interpretation difficult and in some cases impossible.
Aspects influencing the diagnostic capability include underexposed, overexposed,
poorly positioned patients and poor developing methods. Panoramic radiographs
are produced using tomography and this can result in teeth being out of the focal
trough. Structures out of the focal trough can lead to unequal magnification and
geometric distortion making accurate assessment difficult. The patients chin and
occlusal plane must be properly positioned to avoid any distortion in the anterior
region. If the chin is lifted to high, the hard palate will be superimposed on the
roots of the maxillary teeth. When the chin is positioned to low the anterior teeth
becomes severely overlapped. Misestimation can easily take place if the teeth are
inclined in a buccolingual direction.50 Patients allowed to slump during positioning
can cause a large radiopaque artefact in the midline. The artefact will be
superimposed over the anterior teeth. Air present in the mouth during the
procedure can cause poor visualization of the apices of the maxillary teeth. When
viewing radiographs the proper environment should be available. All radiographs
should be viewed on a bright and evenly illuminated light box. Digital panoramic
radiographs were easier to read and the images clearer leading to more accurate
interpretations. Digital panoramic radiographs also have the software facility to
change lightness and contrast. This makes assessment of poorer quality
radiographs easier and in my opinion more accurate.

The differences between the black South African and French Canadian children
might be a secular trend.51 Biological variation may also be a contributing factor
for the differences found in a black South African population group. The
differences found in this pilot study call for a larger population sample to be
evaluated and to establish new maturity scores for black South African children.
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Chapter 7
7.1 Conclusion
1. The results from this study have shown that Demirjian‟s method has some
limitations when used to determine the estimated dental age of black South
African children. The results demonstrated that Demirjian‟s method produced
significant differences between dental age and chronological age in the
studied group. This study is in agreement with a study from Phillips VM and
van Wyk Kotze TJ done on a similar population group that Demirjian‟s age
estimation method overestimates dental age.
2. Accelerated growth was observed for both boys and girls when compared with
Demirjian‟s group.
3. The mean difference between chronological age and dental age were 0.8
years in boys and 0.5 years in girls.
4. In boys, statistically significant differences were observed in age groups 6, 7,
8, 10, 11, 12, 13, 14, and 15.
5. In girls, statistically significant differences were observed in age groups 6, 7,
8, 9, 10, 11, 12, 13 and 16.
6. Development standards used by Demirjian are not suitable for a black South
African population group.

7.2

Recommendations for future research.

1. Increasing the sample size of all the age ranges to establish new maturity
scores and logistic curves for the studied population group.
2. Testing the validity of the Willems et al.3 method on our population group.
3. Comparison with other black South African children in rural communities
found in other regions in South Africa.
4. The comparison of dental age between different racial groups found in South
Africa using Demirjian‟s method.
5. The comparison of dental age between different black ethnic groups found in
South Africa using Demirjian‟s method.
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