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Introduction

Age estimation represents an important aspect of forensic 
practice, which could be used during both ante-mortem and 
post-mortem person’s identi  cation [1, 2, 3]. Procedure of age 
estimation for forensic purposes should be provided in compliance 
with international guidelines, while such developed by different 
societies and national authorities need “higher homogenization 
and standardization” [4]. Cases of criminal responsibility evaluation 

and asylum status veri  cation are the most widely associated with 
age estimation need among living, while parameter of age may be 
assessed using social services appraisement, psychological rating 
interview, analysis of anthropometric features, examination of sexual 
maturity features and survey of skeleton and dental status [1, 2, 3, 
4, 5, 6]. The latter one has approved to be reliable criteria for age 
estimation while being used in combination with other methods, or 
in single mode use if implementation of other methods is restricted 
[4, 5, 6].  
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Article Info Abstract

Background. Number of forensic methods have been proposed for dental age estimation, while 
parameter of dental age itself is demonstrating a high level of correspondence with chronological 
age. Analysis of available literature revealed de  ciency of studies regarding applicability of using 
Demirjian’s age estimation technique among Ukrainian samples for forensic purpose. 

Objective. To evaluate accuracy of original Demirjian’s dental age estimation method among 
sample of Ukrainian Transcarpathian children. 

Materials and Methods. Study was organized as retrospective by the design based on the 
analysis of 276 digital panoramic X-ray images obtained from the patients of University Dental 
Clinic aged 6.0-15.99 years old. Dental age estimation was held by the originally proposed 
Demirjian’s technique. 

Results. Dental age estimation using Demirjian’s technique provoked overestimation effect 
on 0.43 years among patients aged 6.0-6.99 years, on 0.49 years among patients aged 7.0-7.99 
years, on 0.47 years among patients aged 8.0-8.99 years, on 0.55 years among patients aged 9.0-
9.99 years, on 0.51 years among patients aged 10.0-10.99 years, on 0.55 years among patients 
aged 11.0-11.99 years, on 0.44 years among patients aged 12.0-12.99 years, on 0.45 years among 
patients aged 13.0-13.99 years, on 0.54 years among patients aged 14.0-14.99 years, on 0.58 years 
among patients aged 15.0-15.99 years. 

Conclusion. Demirjian’s dental age estimation technique may be used for forensic purposes 
among population of children from Ukrainian Transcarpathia, if accuracy of other available dental 
age estimation methods would not be validated till the moment of needed forensic investigation.
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Number of forensic methods have been proposed for dental age 
estimation, while parameter of dental age itself is demonstrating 
a high level of correspondence with chronological age [5, 6, 7, 8]. 
Such correspondence is based on the speci  c interrelations between 
dental status changes during organism growth and development, 
that is why dental age estimation among children remains one of the 
most valuable instruments in forensic practice [5, 6, 7, 8]. 

One of the most commonly used method for dental age estimation 
among children was originally developed by Demirjian et al. in 1973, 
which have been widely approbated among different populational 
samples [7, 8, 9, 10, 11, 12]. Nevertheless, analysis of available literature 
revealed de  ciency of studies regarding applicability of using 
Demirjian’s age estimation technique among Ukrainian sample for 
forensic purpose. Considering that null hypothesis was formulated 
as follows: original Demirjian’s dental age estimation method is not 
applicable for sample of Ukrainian Transcarpathian children due to 
the potentially low accuracy of obtained results.

Objective

To evaluate accuracy of original Demirjian’s dental age estimation 
method among sample of Ukrainian Transcarpathian children.

Materials and Methods

Study Design
Study was organized as retrospective by the design based on the 

analysis of digital panoramic X-ray images/orthopantomograms 
(OPG) obtained from the patients of University Dental Clinic 
(Uzhhorod National University, Ukraine) aged 6.0-15.99 years old. 
Primary images of patients, who have undergone procedure of 
panoramic radiography due to the treatment or diagnostic needs 
during 2015-2019, and corresponded to the above-mentioned age 
range were collected by the radiologist of University Dental Clinic, 
who have further anonymized them prior to any analysis with only 
gender and date of birth available for the further processing of the 
data. Radiological specialist, who provided primary collection and 
anonymization of panoramic X-rays images, was not involved in 
any stage of further images processing with the aim of dental age 
estimation. 

Quality of panoramic X-rays was analyzed regarding presence of 
graphical distortion in the projection of teeth, due to fact that such 
may restricts the possibility for adequate tooth development stage 

categorization as proposed by the Demirjian’s technique. Images 
with critical graphical distortion that potentially may in  uence the 
interpretation of tooth developmental stage were excluded from 
the primary cohort. Age distribution was provided by the 0.99-year 
interval between the groups.

Demirjian’s Dental Age Estimation Technique
Dental age (DA) estimation was held by the originally proposed 

Demirjian’s technique [5, 9]. On each OPG developmental stage 
of seven left permanent teeth was evaluated due to the originally 
proposed eight categories A-H and following corresponding criteria 
(Figure 1 and Figure 2) [5, 9]. Values obtained for each tooth after 
transforming A-H stages into numerical coef  cients were summed 
to verify dental maturity scores [5, 9]. Dental maturity scores were 
converted into speci  c age parameters using originally provided 
tables [5, 9].
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Figure 1. Schematic diagram of tooth developmental stages 
proposed by Demirjian A et al.

Figure 2. Example of applying Demirjian’s tooth developmental stages to categorize the condition of seven left mandibular teeth as per 
originally proposed approach
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Patient’s chronological age (CA) was calculated by the formula: 
CA=Date of OPG obtainment-Date of birth, with its representation 
in decimals of year.

Statistical Analysis
Mean values and standard deviation (SD) were calculated for the 

dental age and chronological age of each age group. Mean difference 
between dental age and chronological age was evaluated with the use 
of mean error (ME = CA-DA) for each speci  c person, while positive 
ME was standing for underestimation of dental age compare to 
chronological one, and negative – for overestimation effect. Mean 
absolute error (MAE) as an average of all absolute errors within different 
age groups helped to quantify the magnitude of the discrepancy 
between dental and chronological age. Correlation between dental 
age estimated by Demirjian’s approach and chronological age was 
assessed with the use of Pearson’s r. Interrelations between dental 
age as independent variable and chronological age as arbitrary 
output was assessed by the linear regression method. Probability (p) 
was categorized as follows for all applicable tests: if p  0.05 – non 
signi  cant, if p < 0.05 – signi  cant. Statistical analysis of variables 
was provided within Microsoft Excel 2019 software (Microsoft Of  ce 
2019, Microsoft Corp., USA) with the additional use of XLSTAT add-in 
(Addinsoft Inc., Long Island, NY, USA).

Ethical Aspects
Ethical approval for present study was granted by the Ethical 

Committee of Faculty of Dentistry, Uzhhorod National University 
(#16/2018 at 16/10/2018) as a part of ethical approval for complex 
dissertational thesis “Clinical and experimental argumentation for 
children and adolescents dental treatment approaches improvement 
using forensic dental methods”. Ethical Committee con  rmed that 
presented study by its design and realization comply with Helsinki 
Declaration regarding study of human beings, and assuring the 
anonymity of the study subjects. 

Results

Overall 276 OPGs were analyzed, distribution of which presented 
in Table 1. Mean chronological age of patients within age group of 
6.0-6.99 years  was 6.53±0.24 years, within age group of 7.0-7.99 
years – 7.53±0.29 years, within age group 8.0-8.99 years – 8.55±0.31 
years, within age group 9.0-9.99 years – 9.54±0.28 years, within age 
group 10.0-10.99 years – 10.49±0.28 years, within age group 11.0-
11.99 years – 11.57±0.27 years, within age group 12.0-12.99 years – 
12.40±0.28 years, within age group 13.0-13.99 years – 13.43±0.29 
years, within age group 14.0-14.99 years – 14.55±0.23 years, within 
age group 15.0-15.99 years – 15.47±0.25 years. 

Dental age estimation using Demirjian’s technique provoked 
overestimation effect on 0.43 years among patients aged 6.0-6.99 
years, on 0.49 years among patients aged 7.0-7.99 years, on 0.47 years 
among patients aged 8.0-8.99 years, on 0.55 years among patients 
aged 9.0-9.99 years, on 0.51 years among patients aged 10.0-10.99 
years, on 0.55 years among patients aged 11.0-11.99 years, on 0.44 
years among patients aged 12.0-12.99 years, on 0.45 years among 
patients aged 13.0-13.99 years, on 0.54 years among patients aged 
14.0-14.99 years, on 0.58 years among patients aged 15.0-15.99 years 
(Table 1).

Provided regression analysis given the obtained results of 
coef  cient of determination (R2) has shown that within age group 
6.0-6.99 years 77% of the variability of the chronological age could be 
explained by the explanatory variable (dental age), within age group 
of 7.0-7.99 years such parameter was equaled to 82%, within age 
group 8.0-8.99 years – to 87%, within age group 9.0-9.99 years – to 
75%, within age group 10.0-10.99 years – to 72%, within age group 
11.0-11.99 years – to 77%, within age group 12.0-12.99 years – to 69%, 
within age group 13.0-13.99 years – to 79%, within age group 14.0-
14.99 years – to 83%, within age group 15.0-15.99 years – to 84% 
(Figure 3).
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Age group

Approbation of Demirjian’s age estimation technique

Number of patients Chronological age SD Dental age SD MAE Direction of ME

6.0 - 6.99 27 6.53 0.24 6.96 0.26 0.43 Overestimation

7.0-7.99 24 7.53 0.29 8.02 0.30 0.49 Overestimation

8.0-8.99 26 8.55 0.31 9.02 0.30 0.47 Overestimation

9.0-9.99 28 9.54 0.28 10.09 0.29 0.55 Overestimation

10.0-10.99 33 10.49 0.28 11.00 0.32 0.51 Overestimation

11.0-11.99 29 11.57 0.27 12.12 0.31 0.55 Overestimation

12.0-12.99 30 12.40 0.28 12.84 0.30 0.44 Overestimation

13.0-13.99 26 13.43 0.29 13.88 0.30 0.45 Overestimation

14.0-14.99 28 14.55 0.23 15.09 0.27 0.54 Overestimation

15.0-15.99 25 15.47 0.25 16.05 0.27 0.58 Overestimation

ME – mean error, MAE – mean absolute error

Table 1. Correspondence between chronological age and dental age estimated by original Demirjian’s method
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Figure 3. Coef  cients of determination (R2) demonstrating which percentage of chronological age variability 
could be explained by the explanatory variable (dental age) at different age groups

Ukrainian Dental Journal, UDJ · 1 (2022) · 20 26M. Goncharuk-Khomyn1, W. Hirschowitz, S. Kvaal, A. Cavalcanti, Y. Yavuz

Figure 4. Linear regression of chronological age by dental age estimated with original Demirjian’s technique
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Considering regression analysis results, given the p-value of the 
F statistic computed in the ANOVA table, and given the signi  cance 
level of 5%, the information brought by the dental age variables is 
signi  cantly better than what a basic mean would bring for prediction 
of chronological age (Figure 4).

Discussion

Present study demonstrated applicability of Demirjian’s age 
estimation technique for Transcarpathian Ukrainian children 
sample, even though in all analyzed cases among all age groups such 
approach caused overestimation effect of different ranges. Based on 
the obtained outcomes null hypothesis may be rejected. 

Previously systematic review with accompanied meta-analyses 
veri  ed that originally proposed French-Canadian data set of 
Demirjian for dental age estimation provoked overestimation effect 
regarding chronological age of the children by the mean of 0.65 years 
for female (in the range of -0.10-+2.82 years) and 0.60 years for males 
(in the range of -0.23-+3.04 years) [10]. Considering above mentioned 
results authors concluded that applicability of Demirjian’s dental age 
estimation technique for different groups of global population should 
be interpreted with the caution while using it for forensic dental 
purposes [10]. In another systematic review provided among studies 
aimed at assessment of dental age estimation methods applied among 
Brazilian children the highest standardized mean difference equaled 
to 1.81 was noticed for Demirjian’s age estimation technique [8]. 
Meta-analyses of published studies revealed that Demirjian’s method 
characterized with weighted mean difference at the level of 0.62 for 
males and 0.72 for females [11]. Authors suggested that populational 
variations may be considered as confounder during the phase of 
converting maturity scores into dental ages [11]. Results obtained 
in our research is analogical to the outcomes in above-mentioned 
systematic reviews and meta-analyses, since in all studies Demirjian’s 
dental age estimation method caused overestimation compare to 
chronological age. Overestimation in our study was quantitively 
lower than in reported systematic reviews among patients aged 6.0-
13.99 years, which could be associated with relatively smaller size 
of study sample in present research. On the other hand, we have 
not provided strati  cation of results for male and female separately 
due to the pilot design of the study which was dedicated speci  cally 
to the assessment of Demirjian’s method applicability for Ukrainian 
Transcarpathian children population, and because of that our mean 
absolute error may be lower than in systematic reviews. It is also 
should be kept in mind that systematic reviews present essence of 
aggregated data from several studies, which in turn could cause 
discrepancies of results presented in our study and such obtained 
during meta-analytical processing of previous ones.

In literature review of De Donno A. et al. Demirjian’s methods was 
compared with Willems’, Cameriere’s, Nolla’s, Smith’s, Haavikko’s 
and Chaillet’s methods, during which it was found that Demirjian’s 
approach characterized with overestimation effect among all 
studied populations, except Turkish and Chinese; while the 
smallest difference between dental age and chronological age after 
using Demirjian’s method was noted among German sample [7]. 
Accuracy parameters of Demirjian’s methods obtained in our study 
arithmetically similar to those reported for German sample in De 
Donno A. et al. literature review [7]. 

Approaches for Demirjian’s method adaptation have been previously 
described in forensic dental literature [12, 13, 14, 15]. Ali. A.M. and 
colleagues proposed predication formulas based on provided logistic 
regression analysis, which may be considered as valuable modi  cation 
for Demirjian’s dental age estimation for children of Egyptian origin 
[12]. In our study we also used linear regression method to evaluate 
interrelations between chronological age and dental age estimated 
by Demirjian’s method, which helped us to conclude that information 
brought by the dental age variables is signi  cantly better than what 
a basic mean would bring for prediction of chronological age. After 
appropriate statistical processing such outcomes may be used to 
provide predication formulas for chronological age based on dental 
age calculated with Demirjian’s method speci  cally for Ukrainian 
children sample.

Previously it was also proposed to use both Demirjian’s and 
Haavikko’s methods for dental age estimation among children from 
Transcarpathia by combining their results within uni  ed equation 
to get more accurate outcome [13]. Obtained results demonstrated 
ef  ciency of such approach, but its realization was considered time-
consuming. 

Other studies described methods for adaptation of “maturity 
score-dental age conversion tables” for different populations, 
while further researches are needed to evaluate validity of such 
alternatives among targeted samples [14, 15, 16]. Nevertheless, it 
should be also taken into account that Jayaraman J. and Roberts D. 
raised the question regarding applicability of Demirjian’s maturity 
data for dental age estimation, and pointed out the need to clarify 
statistical approach that has been used to derive maturity score [17].

Relevant improvements of dental age estimation focused also on 
using arti  cial intelligence functions for dental X-rays digital images 
analysis with the aim to provide automated categorization of tooth 
developmental stage [18, 19, 20].

Limitations of present study related with its retrospective 
design due to which panoramic X-ray images with data available 
only regarding date of patient’s birth and gender were used for 
analysis. No origin-related information was gathered from the 
patients, while also their socio-economical status and features 
of living were not considered for analysis because of formulated 
design of study. Territory of Ukrainian Transcarpathia is a place 
with speci  c biogeochemical  uorine and iodine de  ciency, which 
in turn could affect the prevalence of dental diseases and features 
of dental development among pediatric population. The latter may 
affect the compliance between the chronological age of children and 
maturity scores obtained for them due to the Demirjian’s technique. 
Also, it should be noted that Ukrainian Transcarpathia associated 
with various populations demographics, including Hungarians, 
Romanians, Roma, Slovaks and others. Potentially these populational 
groups could be associated with need to develop different targeted 
maturity scores tables or reference sets of coef  cients for each of 
them separately. Because of limited access to information caused by 
originally developed study design above-mentioned factors were not 
considered during analysis of dental age estimation results obtained 
after Demirjian’s technique implementation. Another limitation 
of the study is associated with relatively small size of each age 
group, while in future studies we will consider recommendations 
for minimally needed enrollment of participant due to the number 
of examined features for each of them [2, 3]. Also, we have not 
provided strati  cation analysis separately for male and females due 
to the pilot design of study which was dedicated speci  cally to the 
assessment of Demirjian’s method applicability for Transcarpathian 
children population.

Perspectives of future studies will be dedicated to the evaluation 
of Willems age estimation technique accuracy among the population 
of Ukrainian Transcarpathian children while also stratifying their 
af  liation to speci  c populational group. In the meta-analysis of 
published studies, it was revealed that Willems method, which was 
originally developed based on the Demirjian’s method principles, 
provides more accurate results regarding age estimation [11]. Such 
effect may be caused by excluding phase of maturity scores-dental 
age conversion from Willems techniques, while providing direct 
conversion of tooth developmental stage into speci  c age coef  cient. 
Another perspective of future studies includes development of 
population-speci  c standards of age estimation and reference 
data set for Ukrainian Transcarpathian children samples, which 
potentially could provide better outcome than universal approaches 
or such that has been developed for other populations.

Conclusion

Considering limitations of present study, it may be resumed 
that Demirjian’s dental age estimation technique may be used for 
forensic purposes among population of children from Ukrainian 
Transcarpathia, if accuracy of other available dental age estimation 
methods would not be validated till the moment of needed forensic 
investigation. Original Demirjian’s approach causing overestimation 
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effect in the range of 0.43-0.58 years among Transcarpathian 
children aged 6.0-15.99 years. Nevertheless, further research 
should be provided over larger study sample to evaluate not only 
the magnitude and direction of errors while comparing dental and 
chronological age, but also variability of such in different age groups 
while using Demirjian’s age estimation technique. 
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