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Abstract

Objective: To analyse the accuracy of a meta-analysis-based dental age assessment (DAA)
method in Finnish paediatric patients and to compare the dental development between two
generations of Finnish children.

Methods: Panoramic radiographs of Finnish Caucasian healthy children from two generations
(early: born 1981—-1984; subsequent: born 1996—-2008) were analysed. All developing teeth on the
left maxilla and mandible as well as the third permanent molars were analysed following
Demirjian’s classification. For each patient, dental age was calculated and compared with chro-
nological age. Dental maturation patterns between the two groups were compared.

Results: The study included 200 Finnish Caucasian healthy children from two generations
(early: aged 7—13 years; subsequent: aged 6—15 years). In the early generation, DAA underesti-
mated the chronological age by a mean of 3.15 years. The underestimation was only 0.1 | years in
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patients < 10 years, but 3.86 years in patients > 10 years. In the subsequent generation, the
dental age was overestimated by a mean of 0.34 years; by 0.40 years in patients < |0 years and by

0.08 years in patients > 10 years.

Conclusions: The present DAA method is applicable to current Finnish children. Differences in
dental development between two generations of Finnish children were detected.
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Introduction

Methods of age assessment are used in a
variety of legal and forensic situations, as
well as for research purposes and clinical
work."? Indicators for age estimation
include skeletal maturity, body height and
weight, sexual development, tooth develop-
ment and eruption. Age estimation based
on dental development stages in growing
subjects correlates better with chronological
age than other techniques.>* Developing
teeth are used as maturation indicators
because they are less affected by endocrine
diseases and environmental damage than
other body tissues.” Dental age assessment
(DAA) has been established as a reliable
method for estimating age.’ A DAA
method developed in 1973 by Demirjian
et al..® based on a sample of French-
Canadian subjects, was found to be accu-
rate.”® Demirjian’s method, which has been
tested and applied on various population
groups, classifies the development stages
of mandibular crowns and roots.”

The Dental Age Research London
Information Group (DARLInG) established
in 2008 a dental age reference database of
British Caucasian subjects.'® They assessed
upper left and lower left teeth, as well as
all four wisdom teeth using Demirjian’s
method and used a meta-analysis approach
to estimate a subject’s dental age by taking
into account the developmental stage of each

assessed tooth.'® This method enabled them
to accurately estimate the age of young sub-
jects around different age thresholds.'''?
The DARLInG method has been tested
in children of different ethnic backgrounds
showing that it is applicable for children of
Swiss® and northern Chinese'* origin, but is
not ideally suited for children of either
southern Chinese'” or Australian descent.'®
Furthermore, current generations of
children seem to show different maturation
patterns compared with earlier generations
of children.'” The term ‘secular trend’
describes ‘marked changes in growth and
development of successive generations of
human populations living in the same terri-
tories”.'® A secular trend in the develop-
ment and maturation of permanent tecth
has been documented mainly in European
and European-origin populations in the last
100-200 years.'® 2! Dental age is of interest
to paediatric dentists and orthodontists for
diagnosis and treatment planning,” and the
potential existence of a secular trend in
dental development and maturation may
have an influence on daily practice and
research. In terms of DAA, the existence of
a secular trend in dental maturation would
call for a constant updating of the reference
set used for the calculation of dental age.
Therefore, the first aim of this study was
to analyse the accuracy of DAA using the
DARLInG meta-analysis method in a
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contemporary Finnish population of chil-
dren. The second aim was to detect poten-
tial differences in maturation between two
generations of children, i.e. find traces of a
secular trend in dental development.

Patients and methods

Materials

This retrospective study selected good
quality anonymized panoramic radiographs
based on their quality from the pre-
treatment records of patients with conven-
tional orthodontic problems with no
syndromes or clefts from the Department
of Oral Development and Orthodontics,
University of Oulu, Oulu, Finland.
Written informed consent was obtained
from the patients and their parents prior
to treatment to allow the use of their data
for research purposes. Some of the records
have been used in previous investiga-
tions.”>** As the radiographs were anony-
mized, under Swiss law (Human Research
Act HRA, Art 2 §2¢), the research project
did not require ethical approval. Exclusion
criteria were a history of previous ortho-
dontic treatment, syndromes or clefts and
poor-quality radiographs.

The study compared two generations of
Finnish Caucasian healthy children with
developing teeth. The patients in the early
group were born between 21 January 1981
and 27 December 1984. The patients in the
subsequent group were born between 18
June 1996 and 29 March 2008. The 1980s’
panoramic radiographs were taken on a
conventional panoramic unit (Planmeca
PM 2002 CC; Planmeca OY, Helsinki,
Finland), and the more recent radiographs
were taken on a digital unit (Planmeca PM
2002 Proline CM; Planmeca OY).

Preview Version 8.0 (Apple, Cupertino,
CA, USA) was used to view and analyse the
digitized images on a portable computer
(MacBook Pro 13” 2.5 GHz Intel Core i5;

Apple). Image manipulations (zoom, sharp-
ening, brightness, contrast and gamma
adjustments) to facilitate image analysis
were done when necessary.

Methods

One examiner (F.A.B.) was trained and cal-
ibrated on panoramic radiographs as
described in a previous publication.® All
developing teeth on the left-hand side
(quadrants two and three) as well as all
third permanent molars were assessed'®
using the Demirjian classification,® which
divides tooth development into eight
stages from A to H.

The age and sex of each patient were
blinded to the examiner when assessing
tooth development stages. When the tooth
anatomy was difficult to see or when a
tooth was missing, the contralateral tooth
was assessed. If the latter was not interpret-
able, the tooth was excluded from
the analysis.

Chronological age for each patient was
calculated by subtracting the date of birth
from the date of the X-ray. Each tooth was
assigned a developmental stage according to
its root development. Using the DARLInG
meta-analysis method with random effects'®
(reference sample based on sex specific data
obtained from British Caucasian subjects
between 2003 and 2010), each individual’s
dental age was calculated from the informa-
tion gathered on his/her assessed teeth. The
dental age was then compared with the
patient’s chronological age.

Statistical analyses

The sample size planned in this study was
100 patients for each generation. Assuming
a standard deviation of 0.85 effects'® for the
difference between dental and chronologi-
cal age and a two-sided type 1 error of
0.05, the statistical power is 80% to detect
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a mean difference between dental and chro-
nological age of 0.25 years.

To test the intra-rater agreement, 20% of
the radiographs in each group were random-
ly chosen from a sequence generated by
random.org (Random Integer Set
Generator) and re-examined after an interval
of 2 weeks. The index of agreement was cal-
culated using Cohen’s Kappa. The catego-
ries published by Landis and Koch®* were
used to indicate the degree of agreement.

Dental age was calculated using the
meta-analytic approach with random
effects proposed previously.'” Meta-
analysis is a quantitative procedure used
in statistical methodology to combine and
summarize the results of several studies
addressing a particular research hypothesis.
In the context of DAA, the meta-analysis
approach allows the computation of a sub-
ject’s dental age by calculating a weighted
mean of the mean values of the stages of
tooth development.'”

In each group of patients, the calculated
dental age was compared with the gold
standard, namely chronological age, by cal-
culating the prediction error (dental age
minus chronological age). A Student’s
t-test for paired data was used to test the
null hypothesis that the mean prediction
error is 0. Other comparisons of the
means were conducted using Student’s
t-test. To compare the magnitude of the
prediction error between the early and sub-
sequent groups, a multivariable linear
regression was used. The dependent vari-
able was the prediction error and the main
independent variable was the group (early
versus subsequent). Interaction terms
between groups and sex and between
groups and chronological age (< 10 versus
> 10 years) were introduced to investigate if
sex and chronological age modified the dif-
ference in prediction error between early
and subsequent groups.

All statistical analyses were performed
using R version 3.3.1 (R Core Team; R: A

language and environment for statistical
computing; R Foundation for Statistical
Computing, Vienna, Austria; 2010). The
significance threshold was set at 0.05 and
all statistical tests were two-sided.

Results

This retrospective study compared two gen-
erations of Finnish Caucasian healthy chil-
dren with developing teeth. The early group
(50 males and 50 females) were born
between 21 January 1981 and 27
December 1984 (age range, 7-13 years);
and the subsequent group (53 males and
47 females) were born between 18 June
1996 and 29 March 2008 (age range, 615
years). The age distributions are shown in
Figures la and 1b. Among the 200 patients,
a total of 2917 teeth were evaluated for this
analysis. In the early group, 363 teeth were
missing; and in the subsequent group, 320
teeth were missing. Due to unreadable pic-
tures, 45 teeth (nine in the early group, 36 in
the subsequent group) could not be evalu-
ated. Cohen’s Kappa coefficient for the
intra-rater agreement was at 0.953 for the
20% of re-evaluated pictures.

The mean chronological age was higher
in the early group than in the subsequent
group (Table 1). Within each group, the
age difference between males and females
was similar. The proportion of patients -
< 10 years was inversed in the two groups;
with 19 of 100 (19%) patients < 10 years in
the early group compared with 81 of 100
(81%) patients < 10 years in the subsequent
group. In the early group, the mean dental
age was lower than the mean chronological
age except for patients< 10 years, for
whom the mean dental age (7.59 years) cor-
responded well with the mean chronological
age (7.70 years). In the subsequent group,
mean dental age and mean chronological
age were similar.

Calculation of the prediction error
(dental age minus chronological age)
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Figure |. Chronological age distribution of each group of patients: early group (Figure la, n=100) and
subsequent group (Figure Ib, n=100). The age categories include ages in the range of 0.00-0.99 for each
age (e.g. age category 6 indicates an age range of 6.00-6.99).

showed that the approach used to calculate
the dental age performed differently in the
early and subsequent groups (Table 2). In
the early group, dental age underestimated
chronological age by a mean of 3.15 years.
The prediction interval (-6.2 to —0.1 years)
showed that the underestimation varied
widely between the patients in the early
group. Whereas the mean prediction error
was not associated with sex, it was associ-
ated with age: the difference between dental
age and chronological age in patients
<10 years of age was smaller (mean

underestimation of 0.11 years) than in
patients >10 years of age (mean underesti-
mation of 3.86 years, P<0.0001). The
mean prediction error was significantly dif-
ferent for patients < 10 years and those >
10 years (P <0.0001, Student’s t-test). In
addition, the prediction error varied
approximately from —1.2 to 1.0 years for
patients < 10 years, whereas the range of
prediction error was wider in patients >
10 years (4.9 to —2.8 years). The distribu-
tion of the prediction errors is shown in
Figure 2 and the individual prediction
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Figure 2. Box-whisker plots representing the distribution of the individual errors in predicting chrono-

logical age in the early group and by subgroups (sex and age). The central black horizontal line represents the
median, the extremities of the box are the 25" and 75™ percentiles, the error bars represent the minimum
and maximum outliers and the circles above the upper error bar represent extreme outliers. The size of
each group is reported in parentheses. The dashed horizontal line is shown as a reference line representing a

perfect prediction of chronological age.

errors are represented against the chrono-
logical age in Figure 3.

In the subsequent group, the mean pre-
diction error was positive (0.34 years;
P=0.0001) because, overall, the dental
age was higher than the chronological age.
The prediction interval (from —1.4 to 2.0
years) showed that dental age can underes-
timate chronological age by 1.4 years for
some patients and overestimate it by 2.0
years for others. The mean prediction
error was not associated with sex or chro-
nological age. Distribution of the prediction
errors is shown in Figure 4 and the

individual prediction errors are represented
against chronological age in Figure 3.
When comparing the early to the subse-
quent group, the mean prediction error was
more important in the early group than in
the subsequent group (-3.15 years versus
0.34 years, respectively; P <0.0001). In a
multivariate linear regression model, the sex
of the children did not modify the magnitude
of the difference in the prediction error
between the early and subsequent groups.
In contrast, the magnitude of the difference
in the prediction error between the early and
subsequent groups was more important in
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Figure 3. Scatter plots representing the joint distribution of the individual errors in predicting chrono-
logical age and the subject’s chronological age in the early group (left panel) and in the subsequent group
(right panel). Circles represent females and triangles males. The dashed horizontal line is shown as a
reference line representing a perfect prediction of chronological age.

patients < 10 years of age than in patients >
10 years (P < 0.0001) (Figure 5).

Discussion

Radiological evaluation of dental maturity
is a simple, non-invasive and reliable
method to determine age in children.>
Demirjian’s age assessment technique eval-
uates the development of seven lower left
teeth, from the first incisor to the second
molar.® It is therefore limited to the age at
which these teeth are fully calcified, which is
usually at around 16 years of age.” To
extend the use of dental age assessment
and increase accuracy, the DARLInG
research team also included upper left

teeth as well as all four wisdom teeth into
their technique.'® Our earlier research has
shown that Demirjian’s staging method
allows precise repeated staging of maxillary
and mandibular teeth.® In the current study,
the Kappa values for intra-rater agreement
were at 0.953, classified by Landis and
Koch as ‘almost perfect agreement’.>*

No previous investigation has examined
the applicability of the DARLInG dental
age assessment method in a Finnish popu-
lation. Several reports show an influence of
the studied population on the accuracy of
DAA."'%2® In a previous investigation, we
showed that the DARLInG method is
applicable to Swiss subjects younger than
12 years of age® On the other hand,
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Figure 4. Box-whisker plots representing the distribution of the individual errors in predicting chrono-
logical age in the subsequent group and by subgroups (sex and age). The central black horizontal line
represents the median, the extremities of the box are the 25% and 75" percentiles, the error bars represent
the minimum and maximum outliers and the circles above the upper error bar represent extreme outliers.
The size of each group is reported in parentheses. The dashed horizontal line is shown as a reference line

representing a perfect prediction of chronological age.

another study found the need for an ethnic
specific reference dataset for southern
Chinese children.'”” In 1988, a study
reported that, even within Finland, differ-
ences were found in dental maturity charts
when southern Finnish children were com-
pared with children living in the northeast-
ern part of the country.?” The present study
suggests that the DARLInG method seems
to be applicable to the current generation of
northern Finnish children, especially to
those older than 10 years of age and of
female sex.

This present study followed a retrospec-
tive design and no radiographs were taken
purposely for this investigation. Therefore,
it was not possible to perfectly fit the sex
distribution among the two groups since
the chosen radiographs had to comply to a
certain standard to be evaluable. Each of
the two groups was made up of a sample
of 100 children of northern Finnish origin.
The early group comprised 50 boys and
50 girls; and the subsequent group included
53 boys and 47 girls. For DAA, sex specific
data were used because the timing in tooth
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maturation differs between boys and
girls."?® Nevertheless, this current investiga-
tion was not affected by the dissimilar sex
distribution, since the statistical analysis
showed that sex did not have a statistically
significant impact on the prediction error.

Because of the retrospective nature of the
current study, achieving a similar age distri-
bution among the two groups was challeng-
ing. Eventually, in the early group, 81% of
the patients were older than 10 years of age;
and in the subsequent group, 81% were
younger than 10 years of age. The chrono-
logical age of studied subjects impacts the
accuracy of DAA, especially in younger sub-
jects.”®?° The differences in mean age
between the two assessed groups in the cur-
rent study could be a confounding factor for
the dissimilarities found in the prediction
error, which was smaller in both groups for
patients younger than 10 years of age. This
fact might partially be explained by the over-
all better prediction error in the subsequent
group, which included more patients youn-
ger than 10 years of age.

The overall prediction error (i.e. differ-
ence between dental age and chronological
age) was statistically significant in both
groups. In the early group, no statistically
significant difference could be found
between chronological age and dental age
among patients younger than 10 years of
age. In the subsequent group, no statistically
significant difference in prediction error was
found in females and in patients older than
10 years of age. In the subsequent group, a
statistically significant difference in predic-
tion error was found in males and patients
younger than 10 years of age. The median
prediction error for males was 0.34 years and
was 0.56 years for patients older than 10
years, which raises the question whether
the difference is clinically relevant. Previous
research has found that a mean age differ-
ence of up to+1 year can be considered
accurate for DAA.*°

Another possible explanation for differ-
ences in the accuracy of dental age assess-
ment might be the considerable time gap
between the capture of radiographs for
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study and the reference samples.’*?' The
DARLInG reference sample consisted of
pictures taken between 2003 and 2010. In
the current study, the pictures in the early
group were taken between 1992-1997 and
in the subsequent group between 2004—
2014. The subsequent group therefore lies
closer to the time frame of the reference
sample. In 1998, a report described a
trend towards earlier dental maturation in
orthodontic patients between the 1970s and
the 1990s."” Another study showed that
children in a modern sample were advanced
in timing of root maturation compared with
children in a historic sample and a time dif-
ference of 50 years.’ Interestingly, there
did not seem to be a difference in duration
of root formation between the children of
different generations.?® In contrast, a recent
study of Turkish children could not find
significant positive secular trends in dental
maturity from the 1980s through to the
2000s.?! These current findings showed a
better accuracy of DAA in the subsequent
group than in the early group. This could be
due to a secular trend in dental develop-
ment in Finnish children. To further inves-
tigate the issue, larger samples and more
children from additional generations
should be evaluated. In order to rule out
different age distribution of the samples as
a possible confounding factor for DAA, the
subjects for further studies should have a
more even age distribution. Pertinent ques-
tions for dental age assessment are how
long a reference sample maintains its valid-
ity, and when to replace the underlying ref-
erence data in order to assess dental age as
closely to chronological age as possible.

In conclusion, the DARLInG dental age
assessment method based on data from
British Caucasian children is applicable to
the current generation of Finnish patients
of both sexes older than 10 years of age
as well as to female patients younger than
10 years. Differences in dental maturation
between two generations of Finnish

children were detected. Whether the differ-
ences found in this current study reflect a
secular trend in dental development needs
to be addressed in further research on
larger population samples of children from
different ethnic groups and from different
generations.

Acknowledgements

The authors would like to express their gratitude
to Victoria S. Lucas for her advice and providing
the information enabling this present study.

Declaration of conflicting interests

The authors declare that there is no conflict
of interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Flavia A. Birchler (@ http://orcid.org/0000-
0001-6044-1156

References

1. Feijoo G, Barberia E, De Nova J, et al.
Permanent teeth development in a Spanish
sample. Application to dental age estima-
tion. Forensic Sci Int 2012; 214: 213.e1-6.

2. Maret D, Peters OA, Dedouit F, et al. Cone-
beam computed tomography: a useful tool
for dental age estimation? Med hypotheses
2011; 76: 700-702.

3. Garn SM, Lewis AB and Kerewsky RS.
Genetic, nutritional, and maturational cor-
relates of dental development. J Dent Res
1965; 44: 228-242.

4. Lewis AB and Garn SM. The relationship
between tooth formation and other matura-
tional factors. Angle Orthod 1960; 30: 70-77.

5. Willems G. A review of the most commonly
used dental age estimation techniques.
J Forensic Odontostomatol 2001; 19: 9-17.


http://orcid.org/0000-0001-6044-1156
http://orcid.org/0000-0001-6044-1156
http://orcid.org/0000-0001-6044-1156

Birchler et al.

323

6.

10.

11.

12.

13.

14.

15.

16.

Demirjian A, Goldstein H and Tanner JM.
A new system of dental age assessment. Hum
Biol 1973; 45: 211-227.

. Hagg U and Matsson L. Dental maturity as

an indicator of chronological age: the accu-
racy and precision of three methods. Eur J
Orthod 1985; 7: 25-34.

. Birchler FA, Kiliaridis S, Combescure C,

et al. Dental age assessment on panoramic
radiographs in a Swiss population: a valida-
tion study of two prediction models.
Dentomaxillofac Radiol 2016; 45: 20150137.

. Jayaraman J, Wong HM, King NM, et al.

The French-Canadian data set of Demirjian
for dental age estimation: a systematic
review and meta-analysis. J Forensic Leg
Med 2013; 20: 373-381.

Roberts GJ, Parekh S, Petrie A, et al. Dental
age assessment (DAA): a simple method for
children and emerging adults. Br Dent J
2008; 204: E7; discussion 192-193.

Yadava M, Roberts GJ and Lucas VS.
Dental age assessment (DAA): reference
data for British children at the 10-year-old
threshold. Int J Legal Med 2011,
125: 651-657.

Chudasama PN, Roberts GJ and Lucas VS.
Dental age assessment (DAA): a study of a
Caucasian population at the 13 year thresh-
old. J Forensic Leg Med 2012; 19: 22-28.
Mitchell JC, Roberts GJ, Donaldson AN,
et al. Dental age assessment (DAA): refer-
ence data for British caucasians at the 16
year threshold. Forensic Sci Int 2009;
189: 19-23.

Wong HM, Wen YF, Jayaraman J, et al.
Northern Chinese dental ages estimated
from southern Chinese reference datasets
closely correlate with chronological age.
Heliyon 2016; 2: e00216.

Jayaraman J, Roberts GJ, King NM, et al.
Dental age assessment of southern Chinese
using the United Kingdom Caucasian refer-
ence dataset. Forensic Sci Int 2012
216: 68-72.

Peiris TS, Roberts GJ and Prabhu N.
Dental age assessment: a comparison of
4- to 24-year-olds in the United Kingdom
and an Australian population. Int J
Paediatr Dent 2009; 19: 367-376.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lindgrend G. Part eleven: Changing human
growth patterns. In: Ulijaszek SJ, Johnston
FE and Preece MA (Eds). The Cambridge
Encyclopedia  of  Human — Growth — and
Development. Cambridge (UK): Cambridge
University Press, 1998, pp.381-411.

. Ulijaszek SJ, Johnston FE and Preece MA

(Eds). The Cambridge Encyclopedia of
Human Growth and Development.
Cambridge (UK): Cambridge University
Press, 1998, p.395.

Nadler GL. Earlier dental maturation: fact
or fiction? Angle Orthod 1998; 68: 535-538.
Cardoso HF, Heuzé Y and Julio P. Secular
change in the timing of dental root matura-
tion in Portuguese boys and girls. 4m J Hum
Biol 2010; 22: 791-800.

Kaygisiz E, Uzuner FD, Yeniay A, et al.
Secular trend in the maturation of perma-
nent teeth in a sample of Turkish children
over the past 30 years. Forensic Sci Int 2016;
259: 155-160.

Mantysaari R, Kantomaa T, Pirttiniemi P,
et al. The effects of early headgear treatment
on dental arches and craniofacial morphol-
ogy: a report of a 2 year randomized study.
Eur J Orthod 2004 Feb; 26: 59-64.
Pirttiniemi P, Kantomaa T, Méntysaari R,
et al. The effects of early headgear treatment
on dental arches and craniofacial morphol-
ogy: an 8 year report of a randomized study.
Eur J Orthod 2005; 27: 429-436.

Landis JR and Koch GG. The measurement
of observer agreement for categorical data.
Biometrics 1977; 33: 159—-174.

Azrak B, Victor A, Willershausen B, et al.
Usefulness of combining clinical and radio-
logical dental findings for a more accurate
noninvasive age estimation. J Forensic Sci
2007; 52: 146—-150.

Cruz-Landeira A, Linares-Argote ],
Martinez-Rodriguez M, et al. Dental age esti-
mation in Spanish and Venezuelan children.
Comparison of Demirjian and Chaillet’s
scores. Int J Legal Med 2010; 124: 105-112.
Nystrom M, Ranta R, Kataja M, et al.
Comparisons of dental maturity between
the rural community of Kuhmo in north-
eastern Finland and the city of Helsinki.
Community Dent Oral Epidemiol 1988;
16: 215-217.



324

Journal of International Medical Research 47(1)

28.

29.

Chaillet N, Nystrom M, Kataja M, et al.
Dental maturity curves in Finnish children:
Demirjian’s method revisited and polynomi-
al functions for age estimation. J Forensic
Sci 2004; 49: 1324-1331.

Liversidge HM, Lyons F and Hector MP. The
accuracy of three methods of age estimation
using radiographic measurements of develop-
ing teeth. Forensic Sci Int 2003; 131: 22-29.

30. Chaillet N, Nystrom M and Demirjian A.

31.

Comparison of dental maturity in children
of different ethnic origins: international
maturity curves for clinicians. J Forensic
Sci 2005; 50: 1164-1174.

Urzel V and Bruzek J. Dental age assess-
ment in children: a comparison of four
methods in a recent French population.
J Forensic Sci 2013; 58: 1341-1347.



	table-fn1-0300060518801437
	table-fn2-0300060518801437
	table-fn3-0300060518801437
	table-fn4-0300060518801437

