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This study was prepared based on the findings of Tuğçe Nur PEKDEMİR’s thesis study titled “Comparison of Chronological Age and Estimated Age Obtained by Using Hand-Wrist and 
Panoramic Radiographic Datas with Different Age Determination Methods” (Diyarbakır: Dicle University; 2020).

ABS TRACT Objective: The aim of the study is to compare the align-
ment of estimated ages (EA) obtained using the Cameriere open apices 
method (COAM), Demirjian method (DM), Greulich & Pyle Atlas 
method (GPAM), and Cameriere hand-wrist method (CHWM) with the 
chronological ages (CA) of cases and determine which method pro-
vides the closest result to CA in the most practical way. Material and 
Methods: Orthopantomography and wrist X-rays of 287 cases aged 9-
14 years were used. The difference between CA and EA obtained by 
COAM, CHWM, DM and GPAM methods and dental age (DA), bone 
age (BA) were evaluated. We employed Shapiro-Wilk’s, Kolmogorov-
Smirnov, Mann-Whitney U, Kruskal-Wallis H, and Wilcoxon tests, 
along with the Kappa coefficient, considering p<0.05 as significant. 
Results: In males, the CA-EA difference was found to be underesti-
mated by 0.74 and 0.01 years for COAM and GPAM, and overesti-
mated by 0.65 and 0.32 years for DM and CHWM, respectively. In 
females, this difference was underestimated by 0.61 years for COAM 
and overestimated by 0.64, 0.85, and 0.43 years for DM, CHWM, and 
GPAM, respectively (p<0.005). Conclusion: GPAM was found to be 
the closest to CA and the most practical method. When determining 
age, it’s crucial to consider both DA and BA together. Using the eval-
uated methods for age estimation after necessary modifications are 
made seems appropriate. 
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ÖZET Amaç: Çalışmanın amacı, Cameriere açık apeks yöntemi [Ca-
meriere open apices method (COAM)], Demirjian yöntemi [Demirjian 
method (DM)], Greulich & Pyle Atlas yöntemi [Greulich & Pyle Atlas 
method (GPAM)] ve Cameriere el-bilek yöntemi [Cameriere hand-
wrist method (CHWM)] kullanılarak elde edilen tahmini yaşların [es-
timated ages (EA)] vakaların kronolojik yaşları [chronological ages 
(CA)] ile karşılaştırılmasıyla hangi yöntemin CA’ya en yakın sonucu en 
pratik şekilde sağladığını tespit etmektir. Gereç ve Yöntemler: Çalış-
mada yaşları 9-14 arasında değişen 287 olgunun ortopantomografisi ve 
el-bilek röntgeni kullanıldı. CA ile COAM, CHWM, DM ve GPAM 
kullanılarak elde edilen EA ve CA ile diş yaşı [dental age (DA)] ve 
kemik yaşı [bone age (BA)] farkları değerlendirildi. p<0,05’i anlamlı 
kabul ederek Shapiro-Wilk, Kolmogorov-Smirnov, Mann-Whitney U, 
Kruskal-Wallis H ve Wilcoxon testleri ve Kappa katsayısı istatistiksel 
değerlendirme amacıyla kullanıldı. Bulgular: Erkeklerde CA-EA far-
kının COAM ve GPAM için 0,74 ve 0,01 yıl eksik tahmin edildiği, DM 
ve CHWM için ise sırasıyla 0,65 ve 0,32 yıl fazla tahmin edildiği gö-
rüldü. Kadınlarda bu fark COAM için 0,61 yıl eksik, DM, CHWM ve 
GPAM için ise sırasıyla 0,64, 0,85 ve 0,43 yıl fazla tahmin edilmiştir 
(p<0,005). Sonuç: GPAM’nin CA’ya en yakın sonucu veren, en pratik 
yöntem olduğu görüldü. Yaşı belirlerken hem DA hem de BA’yı bir-
likte düşünmek oldukça önemlidir. Çalışmada incelenmiş olan yön-
temlerin gerekli modifikasyonlar yapıldıktan sonra yaş tahmini için 
kullanılmasının daha uygun olacağı düşünülmektedir. 
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If the individual’s data about their chronologi-
cal (real) age is found to be insufficient or suspicious, 
it is requested that their physiologic (estimated) age 
be determined. Age estimation is performed on the 
deceased in criminal justice cases such as mass dis-
asters, plane accidents and murders; and on the living 
in the cases of rape, withholding, determination of 
whether the child has reached the age of criminal re-
sponsibility, child marriages, illegal adoption, child 
pregnancies, immigration and people smuggling.1-3  

In age estimation, criteria such as growth and de-
velopment of teeth and bones, height, psychological 
and mental development, weight, and puberty symp-
toms are considered. Bone age (BA) and dental age 
(DA) have an important role in terms of treatments 
and forensic cases. In the field of dentistry, it is im-
portant for diagnosing and treating (apexification, 
pulpotomy, space maintainer application, initiation 
time of orthodontic treatments or in determining the 
appliances to be used, dental implants, or fixed pros-
thesis treatments), from a forensic standpoint, it is im-
portant for sentencing and punishment.4,5  

Turkish laws have divided people into certain 
age groups and brought classifications according to 
sex. The severity of one’s punishment changes de-
pending on their age, type of crime and the victim’s 
age. It is especially important whether the person has 
completed the ages 6, 12, 15, 18 and 21.6,7  

When human development is examined, it can 
be understood that people who share the same 
chronological ages (CA) can have different body 
characteristics due to a difference in genetic and en-
vironmental factors.8 Because of this each age esti-
mation method must be tested on their accuracy and 
usefulness in forensic sciences for the betterment of 
the population.  

Created in 1973, the Demirjian method (DM) is 
still the most used method for age estimation. Ac-
cording to this method, estimated ages (EA) is found 
by determining the development stage of the teeth by 
radiography and comparing the data/the tooth devel-
opment scales formulated by different researchers.9,10  

Cameriere et al. discovered the open apex 
method, in which they correlated the closure speed 
of the teeth apices with radio morphometric mea-

surements in 2006. EA is calculated by using the data 
with the formula they developed.11  

Cameriere et al. have also developed a method 
which they have stated can be used for diagnostic, prog-
nostic, and therapeutic evaluation in auxologic pathol-
ogy and in forensic sciences. This method is used for 
diagnostic, prognostic, and therapeutic evaluation in 
auxologic pathology and in forensic science. According 
to this method, data obtained by taking the necessary 
measurements from the X-rays of one’s left hand are 
placed within the formula and the EA is determined.12,13  

One of the skeletal methods used in age estima-
tion are the atlases. In the Greulich & Pyle Atlas 
method (GPAM), 2 separate sections for men and 
women have included wrist radiographs with an esti-
mated BA at approximately 1-year intervals. EA is 
determined by comparing the individual’s radiogra-
phy with the ones found in the atlas.14,15  

The study has been aimed to compare the harmony 
between EA, BA and the CA determined by using the 
Cameriere open apices method (COAM), DM, 
Cameriere hand-wrist method (CHWM) and GPAM, 
and to determine which one of these methods give the 
most accurate answer in the most practical manner.  

 MATERIAL AND METHODS 

ETHICAL AppROvAL 
This study was conducted in accordance with the 
principles of the Declaration of Helsinki and was ap-
proved by the Dicle University Faculty of Dentistry 
Local Ethics Committee with protocol number 
2019/40 and date August 25, 2019. Written informed 
consent was obtained from all patients' parents. 

STuDY DESIGN AND DATA SETTING 
In our study conducted at the Department of Pediatric 
Dentistry, Faculty of Dentistry, Dicle University, be-
tween 2011 and 2019, a total of 1,352 panoramic and 
1,352 hand-wrist radiographs were obtained from the 
same patients on the same day for diagnostic and 
treatment purposes before orthodontic treatment were 
examined. Cases that met the criteria set for our study 
were selected and included in the research. Inclusion 
criteria consisted of the absence of systemic disease 
(98), history of trauma to the maxillofacial or hand-
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wrist region (5), presence of any syndrome (17), 
anomalies, absence of bilateral tooth agenesis in the 
mandible (287), and absence of artifacts or distortion 
(658) in the radiographs, allowing clear measure-
ments to be taken. 

The CA of the cases were calculated by sub-
tracting the individual’s birth date from the date the 
radiograph was taken and were converted to decimal 
format for the ease of statistical analysis. 

A total of 287 cases (144 females, 143 males) 
between the ages of 9 and 14, meeting the inclusion 
criteria, were identified. For each case, a total of 287 
panoramic and 287 hand-wrist radiographs taken be-
tween 2013 and 2019 were used in the study. The av-
erage of the EA obtained using COAM and DM was 
considered as the individual’s DA, and the average 
of the EA obtained using GPAM and CHWM was 
considered as the individual’s BA. For instance, if an 
individual’s EA was 12 by COAM and 11 by DM, 
the DA was considered as 11.5. 

After initial measurements were taken for each 
method, measurements were repeated by the same re-
searchers under the same conditions for randomly se-
lected cases after 4 weeks, observing intra-observer 
agreement. Inter-observer agreement was assessed by 
comparing measurements done by the first observer 
(T.N.Ş) with measurements done by the second ob-
server (C.G.) on the same radiographs under the same 
conditions for each method. These data were statisti-
cally analyzed. 

AppLICATION Of THE DM 
For age estimation using this method, the mineral-
ization stages of the left mandibular 7 teeth were 
evaluated in the obtained panoramic radiographs 
based on the mineralization table developed by 
Demirjian et al.9 Firstly, mineralization stages for 
each tooth were symbolized with letters A to H ac-
cording to the corresponding stages in the mineral-
ization table. Then, these symbols were converted 
into numbers according to the sex-specific tables cre-
ated by Demirjian et al., and these numbers were 
added up to obtain the total maturity scores for the 
cases. The ages corresponding to these scores were 
determined from the sex-specific maturity score ta-
bles prepared by Demirjian et al. to calculate the EA. 

AppLICATION Of THE COAM  
Using the Image J software (Image J, NIH, Maryland, 
USA), separate measurements of apical opening and 
length were performed for the left mandibular 7 teeth. 
Teeth with closed apices were recorded as N0, and 
the lengths of these teeth were not measured. If a 
tooth had dilaceration in its root or there was a loss of 
clarity in that region of the image, or if the tooth had 
undergone canal treatment, filling, or extraction, the 
symmetry on the right side of the same tooth was 
taken into consideration for evaluation. The values 
obtained from these measurements were then inserted 
into the formula to determine the EA of the individ-
ual.11 

AppLICATION Of THE CHWM  
Using the Image J software, bone area and carpal area 
were measured. When overlap was observed among 
carpal bones, they were measured as a single entity. 
The known formula was applied, and the required val-
ues were inserted to calculate the individual’s EA.12 

AppLICATION Of THE GpAM  
The hand-wrist radiographs of the cases were 
matched with the standards in the section corre-
sponding to sex in the atlas, and the closest standard 
was determined as the individual’s EA. 

STATISTICAL ANALYSIS 
The G*Power 3.1 software package (Heinrich Heine 
University, Düsseldorf, Germany) was used to cal-
culate the power value. For a study with a 5% error 
rate, 95% confidence level, and an effect size of 0.50, 
conducted with 10 observations in each group and a 
total of at least 120 observations across 12 groups, 
the power value was determined as 95%. 

The data obtained from this study were analyzed 
using IBM SPSS V.21 (Chicago, IL, USA) software 
package. Cases were grouped for each age group, and 
statistical evaluations were performed. Descriptive 
statistics were assessed for all parameters. The 
Shapiro-Wilk’s, Kolmogorov-Smirnov, Mann-Whit-
ney U test, Kruskal-Wallis H test, Bonferroni-cor-
rected Mann-Whitney U test, Wilcoxon test, and 
Kappa coefficient were utilized. A significance level 
of 0.05 was used for interpreting the results. 
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 RESuLTS 
There is a statistically significant agreement between 
the first and second observers in all methods 
(p=0.01). This agreement is quite high, with intra-
class correlation coefficient (ICC) values of 0.97 
(0.929-0.988) for COAM, 0.989 (0.972-0.995) for 
CHWM, 0.993 (0.981-0.997) for GPAM, and 0.973 
(0.936-0.989) for DM. The intra-observer agreement 
values were ICC=0.991 for the first observer and 
ICC=0.982 for the second observer. 

In Figure 1, it can be observed that with CHWM, 
EA are approximately 1 year older than the CA of 
cases for the 11-year-old males and for the 9, 10, 11, 
and 12-year-old female groups. 

As seen in Table 1, the CA-COAM difference 
for males is 0.74 years, the CA-CHWM difference is 
-0.32 years, and the CA-GPAM difference is 0.01 
years (p<0.05). However, the CA-DM difference is -
0.65 years (p>0.05). 

In Table 2, the CA-COAM difference for fe-
males is 0.61 years, the CA-CHWM difference is -
0.85 years, the CA-GPAM difference is -0.043 
years, and the CA-DM difference is -0.64 years 
(p<0.05). 

Looking at Table 3, it’s evident that the most sig-
nificant discrepancies occur in the 12-year-old group 
with COAM, 11-year-old group with DM, 11-year-

old group with CHWM, and the 11-year-old group 
with GPAM. 

As seen in Table 4, both sexes have similar den-
tal maturity compared to their peers, while in terms of 
bone maturity, both sexes are ahead of their peers, 
with females being approximately 6 months ahead of 
males. 

 DISCuSSION 
Pediatric dentists and orthodontists frequently require 
age determination for both forensic reasons and in the 
diagnosis and treatment process.16  

Sex-based differences in age determination have 
been highlighted by many researchers, and it’s im-
portant to consider these differences. Previous stud-
ies have reported that females tend to exhibit faster 
dental maturation compared to males.17,18 However, 
in the study, no significant sex-based difference was 
found in terms of dental maturation. 

In addition to the information found in the litera-
ture, it’s known that the pubertal growth spurt occurs 
about 2 years later in males compared to females.19 In 
the study, although both skeletal age determination 
methods yielded more advanced values in both sex in 
terms of BA, statistically significant advancement was 
observed in females compared to males. This finding 
might be influenced by the geographical conditions of 
the region where the cases reside.  

FIGURE 1: Comparison of estimated ages by sex and methods. 
CA: Chronological age; COAM: Cameriere open apices method; CHWM: Cameriere hand-wrist method; GpAM: Greulich & pyle Atlas method; DM: Demirjian method.
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While some studies in the literature suggest that 
using teeth for age determination provides more ac-
curate results compared to other structures in the 
body due to their hard tissues and lower metabolism 
rates, there are also studies indicating that skeletal 
methods yield more accurate results compared to 
dental methods.7,20 In our study, both skeletal and 
dental methods were compared, and the results 
showed that the skeletal method (GPAM) provided 
the closest results to CA (p<0.005). 

In many studies conducted in Türkiye evaluat-
ing COAM on cases, the results were found to be un-

derestimated.6,21,22 Similarly, in this study, the results 
obtained with COAM also showed an underestima-
tion of approximately 0.67 years. 

From the perspective of Turkish laws, ages 12 and 
15 are highly significant.6,7 Similarly to this study, Ozv-
eren et al. reported that using the COAM method, the 
most erroneous results were obtained in the 12-year-
old age group.22 To avoid causing legal injustices, it’s 
considered beneficial to support the COAM method 
with additional methods when used in this age group. 

In most studies evaluating DM in the Turkish 
population, overestimated results have been ob-

Male Kruskal-Wallis h test 
n Mean Median Minimum Maximum SD Mean rank H p value 

CA-COAM 9-9.99 age 10 -0.31 -0.28 -1.4 0.7 0.78 29.45 34.145 0.001* 
10- 10.99 age 15 -0.01 -0.1 -0.5 0.65 0.39 34.1  
11-11.99 age 37 0.64 0.7 -1.6 1.8 0.65 69.69  
12-12.99 age 34 0.79 1.05 -1.2 2.3 0.96 77.06  
13-13.99 age 32 1.22 1.57 -0.7 2.8 1.09 89.58  
14-14.99 age 15 1.31 1.15 0.1 3.4 0.92 95  
Total 143 0.74 0.7 -1.6 3.4 0.97 9-12 9-13 9-14 

10-12 10-13 10-14 
CA-CHWM 9-9.99 age 10 -0.45 -0.58 -4.1 2.2 1.95 75.05 14.578 0.012* 

10- 10.99 age 15 -0.51 -0.3 -3.3 3.1 1.54 68.43  
11-11.99 age 37 -0.89 -0.8 -2.7 2.25 1.03 55.78  
12-12.99 age 34 -0.47 -0.58 -2.4 2.05 1.21 66.82  
13-13.99 age 32 0.24 -0.18 -2.1 5.5 1.52 86.78  
14-14.99 age 15 0.51 0.6 -1.2 3.3 1.37 93.73  
Total 143 -0.32 -0.4 -4.1 5.5 1.42 11-13 11-14 

CA-GpAM 9-9.99 age 10 0.05 0 -2.3 3.2 1.74 74.6 15.956 0.007* 
10- 10.99 age 15 -0.5 -0.8 -2.3 2.6 1.41 53.27  
11-11.99 age 37 -0.23 -0.7 -2 3.6 1.25 60.85  
12-12.99 age 34 -0.22 -0.23 -1.4 1.3 0.77 66.06  
13-13.99 age 32 0.55 0.5 -1.9 5.1 1.42 89.31  
14-14.99 age 15 0.5 0.75 -1.25 1.8 0.98 93.03  
Total 143 0.01 -0.1 -2.3 5.1 1.26 10-13 10-14  

11-13 11-14  
12-13 12-14 

CA-DM 9-9.99 age 10 -0.9 -0.95 -2.75 0.7 1.27 64.8 9.564 0.089 
10- 10.99 age 15 -1.12 -1.15 -2.2 0.7 0.98 52.33  
11-11.99 age 37 -0.65 -0.7 -3.2 1.1 0.87 72.72  
12-12.99 age 34 -0.88 -0.75 -3.1 0.95 0.9 64.76  
13-13.99 age 32 -0.21 0.13 -2.45 2.35 1.25 87.58  
14-14.99 age 15 -0.38 -0.6 -1.9 2.4 1.17 77.87  
Total 143 -0.65 -0.75 -3.2 2.4 1.07

TABLE 1:  Difference in CA-EA discrepancies among age groups for males.

*The results in bold are statistically significant; CA: Chronological age; EA: Estimated age; SD: Standard deviation; COAM: Cameriere open apices method; CHWM: Cameriere hand-
wrist method; GpAM: Greulich & pyle Atlas method; DM: Demirjian method.
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tained.16 Similarly, in this study, an overestimated re-
sult of 0.64 years was obtained. When using DM for 
age determination in a Turkish case, it’s important to 
keep in mind the likelihood of obtaining overesti-
mated results. 

Many researchers find the atlas method easy to 
learn, practical, fast, and repeatable. Therefore, in 
many countries, including our country, since there is 

no valid atlas specific to each country, the GPA 
method is still used.23,24 Büken et al. suggested using 
GPA instead of the Gök atlas for age determination in 
cases aged 11 to 18 in Türkiye, especially due to its 
legal importance.25-27 Similarly, Acungil reported that 
using GPA instead of the Gök atlas is more suitable 
for the Turkish population based on their study re-
sults.15 Both researchers also added that GPA needs 

 Female Kruskal-Wallis H test 
n Mean Median Minimum Maximum SD Mean rank H p value 

CA-COAM 9-9.99 age 13 -0.38 -0.6 -1.8 1.1 0.75 29.08 37.798 0.001* 
10-10.99 age 21 0.17 0.1 -1.25 1.9 0.71 50.6  
11-11.99 age 31 0.43 0.35 -1.2 2.1 0.79 65.27  
12-12.99 age 46 0.76 0.75 -0.6 2.1 0.79 80.08  
13-13.99 age 21 1.07 1 -0.2 2.6 0.8 93.43  
14-14.99 age 12 1.54 1.45 0.6 4.1 0.95 110.88  
Total 144 0.61 0.6 -1.8 4.1 0.91 9-12 9-13 9-14  

10-13 10-14 
11-14 

CA-CHWM 9-9.99 age 13 -1.03 -1.1 -3.4 0.9 1.2 66.35 46.948 0.001* 
10- 10.99 age 21 -1.45 -1.6 -3.4 1 1.09 49.9  
11-11.99 age 31 -1.33 -1.25 -2.5 0.25 0.65 50.79  
12-12.99 age 46 -0.94 -0.9 -3.1 0.6 0.86 70.78  
13-13.99 age 21 -0.13 -0.1 -1.8 1.3 0.7 103.83  
14-14.99 age 12 0.69 0.9 -1.65 1.5 0.84 126.54  
Total 144 -0.85 -0.83 -3.4 1.5 1.06 9-14 

10-13 10-14 
11-13 11-14 
12-13 12-14 

CA-GpAM 9-9.99 age 13 0.4 0.6 -0.5 1.45 0.62 105.12 24.081 0.001* 
10-10.99 age 21 0.24 0.25 -2.9 2.95 1.42 96.62  
11-11.99 age 31 -0.54 -0.25 -3.25 1.5 1.17 70.32  
12-12.99 age 46 -0.92 -0.8 -2.9 1.3 1.05 54.14  
13-13.99 age 21 -0.35 -0.25 -1.9 2.2 1.22 73.57  
14-14.99 age 12 -0.48 -0.5 -1.75 0.5 0.62 69.08  
Total 144 -0.43 -0.35 -3.25 2.95 1.18 12-10 12-9 

CA-DM 9-9.99 age 13 -1.44 -1.5 -3.3 0.05 0.99 41.54 21.756 0.001* 
10- 10.99 age 21 -0.83 -1.15 -3.1 2.5 1.45 58.19  
11-11.99 age 31 -0.87 -0.8 -2.7 1.3 0.88 63.39  
12-12.99 age 46 -0.5 -0.53 -2.3 1.1 0.97 78.84  
13-13.99 age 21 -0.27 -0.45 -2.5 1.8 0.97 87.57  
14-14.99 age 12 0.01 -0.1 -0.6 1 0.47 103.96  
Total 144 -0.64 -0.7 -3.3 2.5 1.06 9-13 9-14 

10-14 

TABLE 2:  Difference in CA-EA discrepancies among age groups for females.

*The results in bold are statistically significant; CA: Chronological age; EA: Estimated age; SD: Standard deviation; COAM: Cameriere open apices method; CHWM: Cameriere hand-
wrist method; GpAM: Greulich & pyle Atlas method; DM: Demirjian method.
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to be modified for the Turkish population.15,25-27 Con-
sidering this information, GPAM was included 
among the evaluated methods in our study, instead of 
the Gök atlas. 

In a meta-analysis conducted in 2019, they re-
ported that the GPA standard is not precise, and cau-
tion should be exercised when using it on Asian male 
and African female populations, especially for age 
determination for forensic/legal purposes.28 However, 
in contrast to these findings, the method evaluated in 
both female and male cases in our study yielded the 
closest results to CA using GPAM. This could be at-
tributed to the familiarity of the evaluating researcher 
with the standards in the GPAM atlas or their expe-
rience in reading wrist X-rays. 

Particularly, Cameriere et al., who emphasized 
the good correlation between the ossification pro-
cesses of carpal bones and CA, developed a formula 
based on the measurement of the areas of bones in 
this region.13 Cameriere et al. revised and improved 
this formula according to the Italian population, 
achieving results very close to CA, such as 0 years 

for females and -0.3 years for males. They sug-
gested that each population should modify the for-
mula according to its own characteristics and 
conduct numerous validation tests before using the 
method for forensic purposes.29 Similarly, consider-
ing the limited number of studies conducted in our 
country regarding this method and the significant 
age discrepancies observed between EA and CA 
using the CHWM in our study, we believe that this 
method should be subjected to more validation tests 
with a larger sample size for Turkish children be-
fore being used for forensic purposes.30 

Kanbur et al. conducted a study in 2006 com-
paring the dental and skeletal ages of children with 
growth and developmental retardation to those with 
normal growth and development, in comparison with 
their CA.31 They used GPAM for skeletal age deter-
mination and DM for DA determination. In the con-
trol group, there was no significant difference 
between CA, DA, and BA. In the group with growth 
retardation, they found no significant difference be-
tween CA and DA, but they did find a significant dif-

EA<12 EA≥12 EA≥15 
CA n COAM CHWM GPAM DM COAM CHWM GPAM DM COAM CHWM GPAM DM 
9-9.99 age 23 100.0% 87.0% 100.0% 87.0% - 13.0% - 13.0% - - - - 
10-10.99 age 36 100.0% 55.6% 80.6% 66.7% - 44.4% - 33.3% - - - - 
11-11.99 age 68 91.2% 25.0% 47.1% 36.8% 8.8% 75.0%* 51.5%* 63.2%* - - 1.5% - 
12-12.99 age 80 61.3%* 8.8% 12.5% 13.8% 38.8% 88.8% 80.0% 83.8% - 2.5% 7.5% 2.5% 
13-13.99 age 53 41.5% 15.1% 15.1% 9.4% 58.5% 79.2% 62.3% 81.1% - 5.7% 22.6% 9.4% 
14-14.99 age 27 11.1% 3.7% - 3.7% 88.9% 77.8% 55.6% 70.4% - 18.5% 44.4% 25.9% 

TABLE 3:  Distribution of EA according to CA.

*Bold values indicate the highest discrepancies; EA: Estimated age; CA: Chronological age; COAM: Cameriere open apices method; CHWM: Cameriere hand-wrist method;  
GpAM: Greulich & pyle Atlas method; DM: Demirjian method.

Sex Mann-Whitney U test 
n Mean Median Minimum Maximum SD Mean rank z p value 

CA-DA Male 143 0.05 0.05 -2.4 2.9 0.96 146.78 -0.565 0.572 
female 144 -0.01 -0.03 -2.55 2.25 0.93 141.24  
Total 287 0.02 0.01 -2.55 2.9 0.94   

CA-BA Male 143 -0.15 -0.25 -2.75 5.3 1.24 159.9 -3.234 0.001* 
female 144 -0.64 -0.65 -2.9 1.75 0.86 128.22  
Total 287 -0.4 -0.5 -2.9 5.3 1.09   

TABLE 4:  Differences between CA and DA, and CA and BA discrepancies across sex.

*The results in bold are statistically significant; CA: Chronological age; DA: Dental age; BA: Bone age; SD: Standard deviation.
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ference between DA and skeletal age, as well as be-
tween CA and skeletal age. They stated that the DM 
is a suitable method for DA determination and that 
the dental development of adolescents with growth 
retardation can be considered acceptable based on 
their CA, while their skeletal ages are not acceptable 
based on their CA. In the study with healthy children, 
we found that using DM, the dental development of 
our cases was ahead of their peers in terms of DA, 
but their BA was ahead of their peers in terms of 
skeletal age. However, when using another dental 
method, COAM, the dental maturity of cases was be-
hind their peers. Looking at the average EA com-
pared to the obtained DA, we determined that the 
cases had the same dental maturity as their peers. As 
a result, when age determination is performed, it is 
believed that using both skeletal age and DA deter-
mination methods together can provide more accu-
rate results closer to the CA. 

In a study conducted by Kumar et al. on children 
aged 8-14, in addition to panoramic radiographs, wrist 
radiographs were evaluated.32 This allowed for an as-
sessment of growth and development before deter-
mining DAs and investigating the relationship between 
DA, skeletal age, and CA.33 They emphasized that both 
dental and skeletal development should be assessed to 
diagnose short stature (growth retardation) in chil-
dren.32 In another study involving 288 white Italian 
children aged 5-15, Cameriere et al. evaluated the 
COAM, CHWM, and their combined method for age 
determination.34 They concluded that the combined 
method was the most suitable for age determination 
among these methods. A review of age determination 
in forensic dentistry stated that using multiple meth-
ods together is necessary for more reliable age estima-
tion.35 Considering the results of our study on children 
in our region, there was no significant difference be-
tween the estimated DAs obtained using COAM and 
DM, when averaged, and the CA. This finding indi-
cates that these methods provide values closest to CA 
for both sexes. When used separately, the GPAM 
method provided the ages closest to CA. GPAM was 
also identified as the most practical method. 

The reason GPAM was identified as the most 
practical method is that it doesn’t require various 

measurements or reference tables. However, this 
might appear practical for an eye familiar with 
GPA, but it might not be practical for an unfamil-
iar eye. The limitations of the study could include 
its focus on a limited region and population, as well 
as the subjective interpretation in assessing practi-
cality. 

 CONCLuSION 
GPAM was found to be the closest to CA and the 
most practical method. It should be considered that it 
may be useful to evaluate several methods together 
while determining the age. Specifically, it’s crucial 
to consider both DA and BA together. The atlas 
method’s practicality and ability to closely match CA 
suggest that an atlas encompassing both DA and BA 
could be highly successful in age determination. As 
a short-term solution, using the methods after neces-
sary modifications are evaluated made seems appro-
priate. 

Acknowledgment 
Special thanks to Cansu GÖRÜRGÖZ and Gizem Gökçe 
KARADAĞ.  

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

Idea/Concept: Tuğçe Nur Şahin; Design: Tuğçe Nur Şahin; Con-
trol/Supervision: Tuğçe Nur Şahin, İzzet Yavuz; Data Collection 
and/or Processing: Tuğçe Nur Şahin; Analysis and/or Interpre-
tation: Tuğçe Nur Şahin; Literature Review: Tuğçe Nur Şahin; 
Writing the Article: Tuğçe Nur Şahin; Critical Review: İzzet 
Yavuz; References and Fundings: Tuğçe Nur Şahin; Materials: 
Tuğçe Nur Şahin.



Tuğçe Nur ŞAHİN et al. Turkiye Klinikleri J Dental Sci. 2024;30(1):74-82

82

1. varkkola O, Ranta H, Metsäniitty M, Sajantila A. Age assessment by the 
Greulich and pyle method compared to other skeletal X-ray and dental meth-
ods in data from finnish child victims of the Southeast Asian Tsunami. foren-
sic Sci Med pathol. 2011;7(4):311-6. [Crossref]  [pubMed]  

2. Meinl A. The application of dental age estimation methods: comparative va-
lidity and problems in practical implementation [Doctoral thesis]. vienna: uni-
versity of vienna; 2007. Erişim tarihi: 20/07/2023 [Link]  

3. panchbhai AS. Dental radiographic indicators, a key to age estimation. Den-
tomaxillofac Radiol. 2011;40(4):199-212. [Crossref]  [pubMed]  [pMC]  

4. Demirkıran DS, Çelikel A, Zeren C, Arslan MM. Yaş tespitinde kullanılan yön-
temler [Methods for age estimation]. Dicle Medical Journal. 2014;41(1):238-
43. [Crossref]  

5. Edeiken J, Hodes p. Reticuloendothelioses. Roentgen Diagnosis of Diseases 
of Bone. 1st ed. Baltimore: Williams & Wilkins; 1967. p.292-6. 

6. Çöloğlu AS. Kemik ve diş gelişimini etkileyen faktörler: yaş tayini 
çalışmalarındaki önemi [The factors affecting the development of bones and 
teeth, and importance in age determination]. Journal of forensic Medicine. 
1987;3(1-4):117-22. [Link]  

7. Isır AB. Adli hekimlikte yaş tayini. Koç S, Can M, editörler. Birinci Basamakta 
Adli Tıp. 2. Baskı. İstanbul: İstanbul Tabip Odası; 2009. p.222-31. 

8. Schmeling A, Grundmann C, fuhrmann A, Kaatsch HJ, Knell B, Ramsthaler 
f, et al. Criteria for age estimation in living individuals. Int J Legal Med. 
2008;122(6):457-60. [Crossref]  [pubMed]  

9. Demirjian A, Goldstein H, Tanner JM. A new system of dental age assess-
ment. Hum Biol. 1973;45(2):211-27. [pubMed]  

10. Turhal RI, Önem E, Tuğsel Z. Ege Bölgesinde yaşayan çocuklarin yaş 
tayininde Williems ve Demirjian yöntemlerinin karşılaştırılması [Comparison 
of Willems and Demirjian methods for age estimation in a pediatric Aegean 
population]. Ege Üniversitesi Diş Hekimliği fakültesi Dergisi. 2021;42(3):199-
204. [Crossref]  

11. Cameriere R, ferrante L, Cingolani M. Age estimation in children by meas-
urement of open apices in teeth. Int J Legal Med. 2006;120(1):49-52. [Cross-
ref]  [pubMed]  

12. Cameriere R, ferrante L, Mirtella D, Cingolani M. Carpals and epiphyses of 
radius and ulna as age indicators. Int J Legal Med. 2006;120(3):143-6. [Cross-
ref]  [pubMed]  

13. Cameriere R, Bestetti f, velandia palacio LA, Riccomi G, Skrami E, parente 
v, et al. Carpals and epiphyses of radius and ulna as age indicators using 
longitudinal data: a Bayesian approach. Int J Legal Med. 2019;133(1):197-
204. [Crossref]  [pubMed]  

14. Greulich W, pyle S. Radiographic Atlas of Skeletal Development of the Hand 
and Wrist. 2nd ed. Stanford, Calif: Stanford univ. press; 1959. [Crossref]  

15. Acungil İ. Yaş tayininde el-bilek rayografilerinin geçerlilik ve değerliliği ile ilgili 
kör bir çalışma [uzmanlık tezi]. Ankara: Ankara Üniversitesi; 2014. Erişim tar-
ihi: 23/07/2023 [Link]  

16. Apaydin BK, Yasar f. Accuracy of the demirjian, willems and cameriere meth-
ods of estimating dental age on turkish children. Niger J Clin pract. 
2018;21(3):257-63. [Crossref]  [pubMed]  

17. Tunc ES, Koyuturk AE. Dental age assessment using Demirjian's method on 
northern Turkish children. forensic Sci Int. 2008;175(1):23-6. [Crossref]  
[pubMed]  

18. Miloglu O, Celikoglu M, Dane A, Cantekin K, Yilmaz AB. Is the assessment 
of dental age by the Nolla method valid for eastern Turkish children? J foren-
sic Sci. 2011;56(4):1025-8. [Crossref]  [pubMed]  

19. Özer K. Büyüme ve gelişme sürecinde egzersiz [Exercise during growth and 

development]. Journal of physical Education and Sports Studies. 
1990;1(1):30-2. [Link]  

20. Santoro v, Roca R, De Donno A, fiandaca C, pinto G, Tafuri S, et al. Appli-
cability of Greulich and pyle and Demirijan aging methods to a sample of Ital-
ian population. forensic Sci Int. 2012;221(1-3):153.e1-5. [Crossref]  [pubMed]  

21. Çarıkçıoğlu B, Değirmenci A. Accuracy of the radiographic methods of 
Willems, Cameriere and Blenkin-Evans on age estimation for Turkish chil-
dren in the northwest Anatolia region. Australian Journal of forensic Sciences. 
2023;55(2):156-67. [Crossref]  

22. Ozveren N, Serindere G, Meric p, Cameriere R. A comparison of the accuracy 
of Willems' and Cameriere's methods based on panoramic radiography. 
forensic Sci Int. 2019;302:109912. [Crossref]  [pubMed]  

23. Krailassiri S, Anuwongnukroh N, Dechkunakorn S. Relationships between 
dental calcification stages and skeletal maturity indicators in Thai individuals. 
Angle Orthod. 2002;72(2):155-66. [pubMed]  

24. patel pS, Chaudhary AR, Dudhia BB, Bhatia pv, Soni NC, Jani Yv. Accuracy 
of two dental and one skeletal age estimation methods in 6-16 year old Gu-
jarati children. J forensic Dent Sci. 2015;7(1):18-27. [Crossref]  [pubMed]  
[pMC]  

25. Büken B, Erzengin Ou, Büken E, Safak AA, Yazici B, Erkol Z. Comparison of 
the three age estimation methods: which is more reliable for Turkish children? 
forensic Sci Int. 2009;183(1-3):103.e1-7. [Crossref]  [pubMed]  

26. Büken B, Safak AA, Yazici B, Büken E, Mayda AS. Is the assessment of bone 
age by the Greulich-pyle method reliable at forensic age estimation for Turk-
ish children? forensic Sci Int. 2007;173(2-3):146-53. [Crossref]  [pubMed]  

27. Büken B, Büken E, Şafak AA, Yazici B, Erkol Z, Mayda AS. Is the Gök Atlas 
sufficiently reliable for forensic age determination of Turkish children? Turk-
ish Journal of Medical Sciences. 2008;38(4):319-27. [Link]  

28. Alshamrani K, Messina f, Offiah AC. Is the Greulich and pyle atlas applica-
ble to all ethnicities? A systematic review and meta-analysis. Eur Radiol. 
2019;29(6):2910-23. [Crossref]  [pubMed]  [pMC]  

29. De Luca S, Mangiulli T, Merelli v, Conforti f, velandia palacio LA, Agostini S, 
et al. A new formula for assessing skeletal age in growing infants and children 
by measuring carpals and epiphyses of radio and ulna. J forensic Leg Med. 
2016;39:109-16. [Crossref]  [pubMed]  

30. Özdemir Tosyalıoğlu fE, Özgür B, Çehreli SB, Arrais Ribeiro IL, Cameriere 
R. The accuracy of Cameriere methods in Turkish children: chronological age 
estimation using developing teeth and carpals and epiphyses of the ulna and 
radius. forensic Sci Med pathol. 2023;19(3):372-81. [Crossref]  [pubMed]  

31. Kanbur NO, Kanli A, Derman O, Eifan A, Ataç A. The relationships between 
dental age, chronological age and bone age in Turkish adolescents with con-
stitutional delay of growth. J pediatr Endocrinol Metab. 2006;19(8):979-85. 
[Crossref]  [pubMed]  

32. Kumar v, Hegde SK, Bhat SS. The relationship between dental age, bone 
age and chronological age in children with short stature. International Jour-
nal of Contemporary Dentistry 2011;2(4):6-11. [Link]  

33. Yaşar Zf, Büken E, Tekindal MA. Demirjian metodu farklı ülkelerde yaş 
tayininde kullanilabilir mi? [Could demirjian's method be used in age deter-
mination in different countries?]. Adli Tıp Bülteni. 2016;21(3):144-52. [Cross-
ref]  

34. Cameriere R, De Luca S, Biagi R, Cingolani M, farronato G, ferrante L. Ac-
curacy of three age estimation methods in children by measurements of de-
veloping teeth and carpals and epiphyses of the ulna and radius. J forensic 
Sci. 2012;57(5):1263-70. [Crossref]  [pubMed]  

35. Willems G. A review of the most commonly used dental age estimation tech-
niques. J forensic Odontostomatol. 2001;19(1):9-17. [pubMed] 

 REfERENCES

https://link.springer.com/article/10.1007/s12024-010-9173-x
https://pubmed.ncbi.nlm.nih.gov/21337038/
https://services.phaidra.univie.ac.at/api/object/o:1250332/get
https://academic.oup.com/dmfr/article/40/4/199/7265187
https://pubmed.ncbi.nlm.nih.gov/21493876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3520308/
http://dergipark.gov.tr/tr/doi/10.5798/diclemedj.0921.2014.01.0410
https://docplayer.biz.tr/201877594-Kemik-ve-dis-gelisimini-etkileyen-faktorler.html
https://link.springer.com/article/10.1007/s00414-008-0254-2
https://pubmed.ncbi.nlm.nih.gov/18548266/
https://pubmed.ncbi.nlm.nih.gov/4714564/
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=eudfd&plng=eng&un=EUDFD-36025
https://link.springer.com/article/10.1007/s00414-005-0047-9
https://link.springer.com/article/10.1007/s00414-005-0047-9
https://pubmed.ncbi.nlm.nih.gov/16283352/
https://link.springer.com/article/10.1007/s00414-005-0040-3
https://link.springer.com/article/10.1007/s00414-005-0040-3
https://pubmed.ncbi.nlm.nih.gov/16211419/
https://link.springer.com/article/10.1007/s00414-018-1807-7
https://pubmed.ncbi.nlm.nih.gov/29516251/
https://oce.ovid.com/
https://dergiler.ankara.edu.tr/xmlui;/bitstream/handle/20.500.12575/83766/384287.pdf?sequence=1&isAllowed=y
https://journals.lww.com/njcp/fulltext/2018/21030/accuracy_of_the_demirjian,_willems_and_cameriere.1.aspx
https://pubmed.ncbi.nlm.nih.gov/29519970/
https://www.sciencedirect.com/science/article/abs/pii/S0379073807004719?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17560060/
https://onlinelibrary.wiley.com/doi/10.1111/j.1556-4029.2011.01755.x
https://pubmed.ncbi.nlm.nih.gov/21418219/
https://dergipark.org.tr/tr/download/article-file/1028418
https://www.sciencedirect.com/science/article/abs/pii/S037907381200179X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22565117/
https://www.tandfonline.com/doi/full/10.1080/00450618.2021.1892189
https://www.sciencedirect.com/science/article/abs/pii/S037907381930324X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31408787/
https://pubmed.ncbi.nlm.nih.gov/11999939/
https://www.jfds.org/text.asp?2015/7/1/18/150298
https://pubmed.ncbi.nlm.nih.gov/25709315/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4330614/
https://www.sciencedirect.com/science/article/abs/pii/S0379073808003939?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/19054636/
https://www.sciencedirect.com/science/article/abs/pii/S0379073807001259?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17391883/
https://search.trdizin.gov.tr/tr/yayin/detay/80490/
https://link.springer.com/article/10.1007/s00330-018-5792-5
https://pubmed.ncbi.nlm.nih.gov/30617474/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6510872/
https://www.sciencedirect.com/science/article/abs/pii/S1752928X16000408?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26874435/
https://link.springer.com/article/10.1007/s12024-023-00692-5
https://pubmed.ncbi.nlm.nih.gov/37572247/
https://www.degruyter.com/document/doi/10.1515/JPEM.2006.19.8.979/html
https://pubmed.ncbi.nlm.nih.gov/16995582/
http://edentj.com/index.php/ijcd/article/download/379/247
https://cms.galenos.com.tr/Uploads/Article_44176/TBLM-21-144-En.pdf
https://cms.galenos.com.tr/Uploads/Article_44176/TBLM-21-144-En.pdf
https://onlinelibrary.wiley.com/doi/10.1111/j.1556-4029.2012.02120.x
https://pubmed.ncbi.nlm.nih.gov/22443119/
https://pubmed.ncbi.nlm.nih.gov/11494678/

