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Aim: Age determination is a very important issue in anthropology, forensic science, and 

dentistry. Today, the most commonly used methods for age determination are the methods in 

which tooth and bone development are evaluated. This study aims to evaluate the relationship 

between gender, chronological age, dental maturation, and cervical vertebral maturation in 

individuals aged 8-25 years. 

Material and Method: Digital panoramic, lateral cephalometric radiographs of 500 patients 

aged 8-25 years were used in this study. Cervical vertebra maturation was evaluated using the 

dental maturation-modified Demirjian classification system of Baccetti et al. Means, minimum, 

maximum, and standard deviations were calculated and analyzed as descriptive statistics. 

Kolmogorov-Smirnov, Kappa, Kruskal-Wallis, Chi-Square, Linear Regression, and Spearman 

Correlation tests were used for statistical analysis. 

Results: There was a statistically significant difference between chronological age and dental 

maturation and cervical vertebral maturation levels (p <0.01). While dental maturation levels 

did not differ significantly according to gender (p> 0.05), cervical vertebra maturation was 

statistically different (p <0.01). There was a positive correlation between chronological age and 

dental maturation, and cervical vertebral maturation levels (p <0.01). There was a strong 

correlation between dental maturation and cervical vertebral maturation levels (p <0.01). 

Conclusion: The findings of this study showed that skeletal maturity increased with the 

increase in chronological and dental age for both genders. The earlier formation was 

consistently observed for each stage of skeletal maturation in females. All correlations between 

skeletal and dental maturations were statistically significant. 
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Amaç: Yaş tayini antropoloji, adli bilimler ve diş hekimliğinde çok önemli bir konudur. 

Günümüzde yaş tayini için en sık kullanılan yöntemler diş ve kemik gelişiminin 

değerlendirildiği yöntemlerdir. Bu çalışmada 8-25 yaş arası bireylerde cinsiyet, kronolojik yaş, 

dental maturasyon ve servikal vertebral maturasyon arasındaki ilişkinin değerlendirilmesi 

amaçlanmıştır. 

Gereç ve Yöntem: Bu çalışmada 8-25 yaş arası 500 hastanın dijital panoramik, lateral 

sefalometrik radyografileri kullanıldı. Servikal vertebra maturasyonu Baccetti ve arkadaşlarının 

dental maturasyon-modifiye Demirjian sınıflandırma sistemi kullanılarak değerlendirildi. 

Ortalama, minimum, maksimum ve standart sapmalar hesaplandı ve tanımlayıcı istatistikler 

olarak analiz edildi. İstatistiksel analiz için Kolmogorov-Smirnov, Kappa, Kruskal-Wallis, Ki-

Kare, Lineer Regresyon ve Spearman Korelasyon testleri kullanıldı. 

Bulgular: Kronolojik yaş ile dental olgunlaşma ve servikal vertebral olgunlaşma seviyeleri 

arasında istatistiksel olarak anlamlı bir fark vardı (p<0,01). Dental olgunlaşma düzeyleri 

cinsiyete göre anlamlı farklılık göstermezken (p>0,05), servikal vertebra olgunlaşması 

istatistiksel olarak farklıydı (p<0,01). Kronolojik yaş ile dental olgunlaşma ve servikal vertebral 

olgunlaşma seviyeleri arasında pozitif bir korelasyon vardı (p <0,01). Dental olgunlaşma ile 

servikal vertebral olgunlaşma seviyeleri arasında güçlü bir korelasyon vardı (p <0,01). 

Sonuç: Bu çalışmanın bulguları, iskelet olgunluğunun her iki cinsiyet için de kronolojik ve 

dental yaşın artmasıyla birlikte arttığını göstermiştir. Kadınlarda iskelet olgunlaşmasının her 

aşaması için tutarlı bir şekilde daha erken oluşum gözlenmiştir. İskelet ve diş olgunlaşmaları 

arasındaki tüm korelasyonlar istatistiksel olarak anlamlıydı. 
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INTRODUCTION 

The human growth and development 

trend is often expressed in chronological age. 

However, studies have shown that individuals 

of the same chronological age show 

developmental differences. In particular, the 

growth and development stages of individuals 

are important in orthodontic diagnosis and 

treatment planning and forensic sciences. For 

this reason, it has become increasingly popular 

to determine growth and development 

according to the maturation stage of the body's 

hard tissues and organs.1,2 

Age determination according to bone 

development is one of the most commonly used 

methods. Many factors such as endocrine 

disorders, congenital disorders, nutritional 

disorders, congenital syndromes, systemic 

disorders such as growth retardation, and 

environmental and geographical factors affect 

bone development. Due to their hard structure 

and low metabolic rate, teeth are less affected 

by these factors than other structures in the 

organism.3 For this reason, data from teeth can 

give more accurate results compared to other 

tissues.3 

Radiological examination plays a crucial 

role in the diagnosis of dental or forensic issues 

in dentistry.4 The radiological methods used to 

determine the growth and development period 

are classified as panoramic, cephalometric, and 

hand-wrist radiographs.5 Since the changes in 

teeth and bones belonging to each period can be 

easily observed in radiological images, this 

method is preferred more than other growth, 

development, and age determination 

applications6. In addition, radiological 

examinations are superior to biochemical and 

histological examinations because they are not 

invasive and do not damage the integrity of the 

material.7 Recently, cone-beam computed 

tomography (CBCT) has allowed for the 

acquisition of sagittal, coronal, and axial 

images, furnishing dentists with valuable 

insights into the anatomical structure and 

developmental stages.8-10 However, considering 

the radiation dose, it has been stated that 2-

dimensional diagnostic radiographs can also 

provide necessary information.11-13 

Studies have shown that growth and 

development differ according to ethnic groups. 

For this reason, researchers emphasized the 

importance of using data according to 

populations in age determination.14 Therefore, 

this study aims to reveal the relationship 

between dental age and skeletal age using 

panoramic radiography. The goal is to 

determine the optimal timing for initiating 

orthodontic treatment, to assist in age 

determination in forensic sciences, to minimize 

time loss, and to avoid additional radiation 

exposure from procedures like cephalometric 

radiography. 

MATERIAL AND METHOD 

Ethical approval was obtained for this 

study from the Necmettin Erbakan University 

Faculty of Dentistry Review Board (2022/190) 

and the study was conducted according to the 

criteria specified by the Helsinki Declaration.15 

In this retrospective investigation, lateral 

cephalometric and panoramic radiographs from 

the radiology archive of Necmettin Erbakan 

University Faculty of Dentistry, Department of 

Oral and Maxillofacial Radiology in Konya, 

Türkiye, were utilized. The study involved a 

total of 500 patients, comprising 304 females 

and 196 males, within the age range of 8 to 25 

years, who were selected randomly. 

The inclusion criteria for the study were 

as follows: participants should not have any 

systemic diseases, conditions affecting bone 

development, or malnutrition, and should 

exhibit normal growth and development, as 

evidenced by quality radiographs. Radiographs 

of individuals who had orthodontic treatment 

before and any anatomical deformation in their 

cephalometric radiographs were not included in 

the study. Birth dates, radiography and sex of all 

selected lateral cephalograms were recorded. 

The chronological age of each individual was 

obtained by subtracting the date of birth from 

the date the image was taken. 
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Lateral cephalometric and panoramic x-

rays were consistently captured using a uniform 

method on the same device (Morita 

Veraviewepocs 3D R100-P, J Morita MFG 

Corp., Kyoto, Japan), operating at settings of 65 

kVp, 7mA, and a duration of 7.4 seconds. These 

images were saved in the TIFF format, and 

anonymized to obscure the subjects' age and 

gender from evaluators. An experienced 

observer (G.M.), with a background of twelve 

years in the field, reviewed a set of 50 

radiographs twice, spaced one month apart, 

using a computer equipped with an Intel® 

Xeon® i5 processor, 2.5 GHz; NVIDIA Quadro 

2000; a display resolution of 1366 x 768 pixels, 

4 GB of RAM, and running on Microsoft 

Windows 10. 

The CVM stages 1 to 6 on cephalometric 

X-rays, based on Baccetti et al.’s 16 system. This 

focuses on the shape and concavity of the lower 

borders of the second to fourth cervical 

vertebrae (C2-C4). Briefly, stages 1 and 2 

feature flat and concave lower borders in C2-C4 

with trapezoidal C3 and C4. In stages 3 and 4, 

concavities appear in C2-C4, with varying 

shapes from trapezoidal to rectangular. Stages 5 

and 6 show concavities in all vertebrae, with C3 

or C4 being either square or rectangular. 

In the evaluation of radiographs, based on 

the classical method published by Demirjian et 

al.17 in 1973, which is divided into 8 stages from 

A to H (stages A-D, crown development, E-H 

root development, stages 0 and 1 are added. The 

modified Demirjian method was used.18 

For the statistical evaluation, various 

methods were employed, including Descriptive 

Statistics, Cohen's Kappa, the Kolmogorov-

Smirnov test, the Chi-square test, the Mann-

Whitney U test, and Linear Regression analysis. 

The analyses were conducted using SPSS 

version 22.0 by IBM, located in Armonk, NY, 

USA. A significance threshold was established 

at a p-value of 0.05. 

RESULTS 

Table I presents the average 

chronological and dental ages of patients at each 

stage of CVM, broken down by gender. 

Additionally, this table includes the distribution 

frequency of patients across the various CVM 

stages. Notably, the largest concentration of 

patients was observed in stages CVM5 and 

CVM6. 

While DM levels did not differ 

statistically by gender (p>0.05) (Figure 1), 

CVM was statistically different (p<0.01) 

(Figure 2). The frequency of CVM 3, 5, and 6 

was more predominant in females (Figure 2). 

Figure 1. The distribution of 

Demirjian dental maturation levels 

according to gender and age. 

 
 

Figure 2. The distribution of cervical 

vertebrae maturation levels according to gender 

and age 
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Table 1. The mean chronological age and dental age of patients at each cervical vertebra 

maturation (CVM) stage separately for females and males 

CVM  Female Male Total 

Number Mean Number Mean Number Mean 

CVM1 

Chronological age 

20(37.0%) 

10.35±1.53 

34(63.0%) 

11.52±1.94 

54(100.0%) 

11.09±1.87 

Dental age 12.00±1.69 12.35±1.47 12.22±1.55 

Difference of chronological and 

dental age 
0.14±0.051 0.13±0.044 0.13±0.047 

CVM2 

Chronological age 

29(46.8%) 

12.00±1.16 

33(53.2%) 

12.76±1.20 

62(100.0%) 

12.40±1.23 

Dental age 13.46±1.22 13.44±1.18 13.44±1.19 

Difference of chronological and 

dental age 
0.101±0.02 0.10±0.02 0.101±0.02 

CVM3 

Chronological age 

35(64.8%) 

12.42±0.85 

19(35.2%) 

13.15±1.46 

54(100.0%) 

12.68±1.14 

Dental age 13.33±1.25 13.81±1.22 13.50±1.25 

Difference of chronological and 

dental age 
0.10±0.038 0.09±0.023 0.10±0.033 

CVM4 

Chronological age 

19(54.3%) 

13.26±1.69 

16(45.7%) 

14.06±1.06 

35(100.0%) 

13.62±1.47 

Dental age 14.05±1.11 13.63±1.89 13.86±1.51 

Difference of chronological and 

dental age 
0.09±0.017 0.11±0.048 0.10±0.035 

CVM5 

Chronological age 

98(68.5%) 

14.38±1.60 

45(31.5%) 

15.22±1.42 

143(100.0%) 

14.65±1.59 

Dental age 14.36±1.29 14.85±1.66 14.52±1.43 

Difference of chronological and 

dental age 
0.09±0.024 0.10±0.036 0.09±0.029 

CVM6 

Chronological age 

103(67.8%) 

16.66±1.98 

49(32.2%) 

17.08±1.94 

152(100.0%) 

16.80±1.97 

Dental age 15.62±1.29 16.00±1.75 15.74±1.46 

Difference of chronological and 

dental age 
0.11±0.031 0.12±0.037 0.11±0.034 

Total 

Chronological age 

304(60.8%) 

14.37±2.56 

196(39.2%) 

14.33±2.56 

500(100.0%) 

14.35±2.56 

Dental age 14.41±1.66 14.27±2.00 14.35±1.80 

Difference of chronological and 

dental age 
0.10±0.033 0.11±0.039 0.10±0.035 

 

As shown in Table I, dental age was 

higher than chronological age between CVM 1 

and 4 in females, while CVM was higher 

between 1 and 3 in males. The largest difference 

between chronological age and dental age in 

males and females was recorded in CVM1. 

Table 2 shows the relationship between 

age, CVM, and DM levels as assessed by the 

Spearman correlation test. According to this 

test, correlations between all parameters were 

statistically significant (p<0.01). As shown in 

Table II, the highest correlation was found 

between CVM and chronological age. The 

correlation coefficient between CVM and DM 

was also found to be 0.659. In addition, the 

correlation coefficient of the relationship 

between chronological age and DM was 0.744. 

While there was a very high correlation (0.814) 

between CVM and chronological age in males, 

this value was 0.794 in females. Correlations 

between CVM and dental age were high in both 

genders (Table 2). 

Table 2. The relationship between age, 

cervical vertebra maturation (CVM), and dental 

maturation (DM) levels as assessed by the 

Spearman correlation test 

CVM CVM 
Dental 

Age 

Chronological 

age 

Spearman's 

rho 

Correlation 

coefficient 
1,000 0.659** 0.786** 

Number 500 500 500 

Female 

Correlation 

coefficient 
1,000 0.636** 0.794** 

Number 304 304 304 

Male 

Correlation 

coefficient 
1,000 0.695** 0.814** 

Number 196 196 196 
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The correlations between dental age and 

chronological age according to CVM stages for 

males and females separately are shown in 

Table 3. Accordingly, the strongest correlation 

was seen in the CVM2 stage (0.617) in males. 

In females, the strongest correlation was in 

CVM 4 stage (0.633). The correlation between 

dental age and chronological age in males was 

weakest (0.115) at CVM4, while it was weakest 

at CVM3 (0.097) in females. 

Table 3. The correlations between dental age and chronological age according to cervical vertebra 

maturation (CVM) stages for males and females separately 

        Dental Age 

Female 

CVM1 
Chronological age Spearman's correlation 0.503* 

 Number 20 

CVM2 
Chronological age Spearman's correlation 0,252 

 Number 29 

CVM3 
Chronological age Spearman's correlation 0,097 

 Number 35 

CVM4 
Chronological age Spearman's correlation 0.633** 

 Number 19 

CVM5 
Chronological age Spearman's correlation 0.580** 

 Number 98 

CVM6 
Chronological age Spearman's correlation 0.629** 

 Number 103 

Male 

CVM1 
Chronological age Spearman's correlation 0,252 

 Number 34 

CVM2 
Chronological age Spearman's correlation 0.617** 

 Number 33 

CVM3 
Chronological age Spearman's correlation 0.476* 

 Number 19 

CVM4 
Chronological age Spearman's correlation 0,115 

 Number 16 

CVM5 
Chronological age Spearman's correlation 0.471** 

 Number 45 

CVM6 
Chronological age Spearman's correlation 0.574** 

  Number 49 

 

DISCUSSION 

Various research has been carried out 

globally to identify growth, development, and 

age estimation. A significant correlation has 

been observed between skeletal, sexual, and 

somatic growth stages. However, there is a lack 

of studies that link dental maturity (DM) with 

skeletal development.17 This prompted our 

investigation into the connection between CVM 

and DM stages within the Turkish population. 

Panoramic radiographs are a common 

tool in dental practices. The DM assessment 

technique, as proposed by Demirjian17, focuses 

on the teeth's calcification stages, examining the 

shape and proportion of the teeth's root length. 

This approach minimizes the impact of 

radiographic projection. On the other hand, 

cephalometric radiographs, essential for CVM 

assessment, are not typically used due to the 

additional radiation exposure they entail. Thus, 

understanding the relationship between CVM 

and DM becomes crucial. Should a positive 

correlation be established, patients could 

potentially use a single, routinely conducted 

panoramic radiograph for predicting skeletal 
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maturation stages. This would serve as a safer 

alternative to other methods that involve higher 

radiation exposure. 

According to the CVM method, it was 

stated that the pubertal growth spurt occurred 

between CVM3 and CVM4.16 At the CVM3 

stage in this study, the mean chronological age 

was 12.42 ± 0.85 in girls and 13.15 ± 1.46 in 

boys. These findings were consistent with the 

age of onset of pubertal growth spurt for 

adolescents in the literature.19-21 The mean 

chronological age in girls was lower at each 

CVM stage. This indicates that, within the 

measured age range and the preferred vertebral 

framework, girls are more mature than boys. 

These findings are consistent with previous 

studies that found differences in skeletal 

maturation by gender.19,21 Consistent with our 

previous study22, no significant difference was 

found between DM and gender in this study 

(p<0.05). 

In the present study, we observed 

significant correlation coefficients between 

CVM and chronological age, with values of 

0.814 for males and 0.794 for females. These 

findings suggest a potential variance between 

skeletal maturity and chronological age. 

Notably, in females, the link between skeletal 

and chronological ages was more pronounced 

than the correlation between skeletal age and 

dental age. Literature typically reports positive 

correlations among chronological age, dental 

age, and skeletal age. In a study which 

conducted in 200623 conducted on a similar 

population to ours indicated a lower correlation 

coefficient of 0.720 between chronological age 

and CVM, compared to our finding of 0.786. 

Contrastingly, the study by Al-Balbeesi et al.24 

highlighted a stronger relationship between 

chronological age and CVM, especially in 

females. However, current study found a more 

significant correlation in males. 

The literature contains few studies that 

examine the connection between the maturation 

of third molars and skeletal development stages. 

Cho and Hwang25 observed a marginally 

stronger association between skeletal 

maturation and the Demirjian index (with a 

correlation coefficient of 0.640) compared to 

the correlation between CVM and DM, which 

was 0.590. This is in line with the findings of 

Chertkow and Fatti26, Engstrom et al.27, and 

Krailassiri et al.28. However, this differs from 

the results of Uysal et al.23, who identified a 

weak link between the development of the third 

molar and skeletal maturation. In a 2016 study 

involving Indian individuals aged 9 to 14, 

researchers found correlations of 0.683 in males 

and 0.704 in females between dental and 

skeletal ages.29 In agreement with these 

findings, our study also recorded a high 

correlation between CVM and DM, with a 

correlation coefficient of 0.659. 

In present study, a stronger relationship 

was observed between dental age and 

chronological age at the CVM2 stage for males 

and at the CVM4 stage for females. Rozylo-

Kalinowska et al.19 identified the highest 

correlation between dental and chronological 

ages at the CVM1 stage for both genders. Litsas 

and Lucchese30, in 2016, noted the strongest 

link between chronological and dental ages for 

both males and females at the CVM4 stage. 

Conversely, Mollabashi et al.31. discovered a 

more pronounced correlation at the CVM5 stage 

for males and the CVM4 stage for females. The 

variability in these results across different 

studies could potentially be attributed to ethnic 

variations. 

Consistent with our results, the literature 

shows a strong correlation between DM and 

CA.32-35 The correlation coefficient was 0.744. 

In a study that included Hispanic individuals 

aged 4-13 in 2020, a very high correlation was 

found between dental age and chronological age 

(r = 0.86).36 In a study evaluating the third molar 

teeth of 832 Turkish individuals aged 6-16 years 

in 2013 37, a correlation coefficient of 0.63 and 

0.61 was found between DM and age in males 

and females, respectively. In another study 

conducted in a Turkish population38, a 

correlation coefficient of 0.77 in males and 0.69 

in females was found between age and DM. 
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The limitations of the study are that 

factors such as climate, environment, ethnic 

diversity, socioeconomic status, genetics, and 

hormones, which are effective on the growth of 

children, were not evaluated in this study. 

Another limitation is that this study was 

conducted in only one subpopulation of 

Türkiye. Therefore, further research on a larger 

sample with new population groups is needed. 

Additionally, a limitation that can be added is 

that the radiographic images included in the 

study were obtained from a single brand of 

device. 

CONCLUSION 

The findings of this study showed that 

skeletal maturity increased with the increase in 

chronological and dental age for both genders. 

Earlier formation was consistently observed for 

each stage of skeletal maturation in females. All 

correlations between skeletal and dental 

maturations were statistically significant. 

Although a strong relationship between skeletal 

and dental age has been reported, it cannot be 

considered the only reliable indicator for 

evaluating growth. However, dental 

calcification stages can be useful in addition to 

skeletal maturity in assessing an individual's 

growth. More research is needed to reach 

stronger results. 

Acknowledgment 

This study was presented as an oral presentation 

at the 4th International Congress of Oral 

Diagnosis and Maxillofacial Radiology in 

Izmir, Türkiye, October 19-22, 2022. 

Ethical Approval 

The required ethical approval for this study was 

received by Necmettin Erbakan University 

Non-Pharmaceutical and Medical Device ethics 

committee (2022/190). 

Financial Support 

No financial support was received from any 

institution or organization for this study. 

Conflict of Interest 

The authors declare that they have no 

competing interests. 

Author Contributions 

Design: GM, Data collection or data entry: GM, 

Analyzing and interpreting: GM, Literature 

review: GM, Writing: GM. 

REFERENCES 

1. Murthy KK, Srinivas CN, Lakshmi V, Kumar 

CV, Krishnaveni M. Assessment of skeletal 

and dental maturity levels for a given 

chronological age among Indian children. J 

Contemp Dent Pract. 2012;13:310-5. 

2. Günen Yılmaz S, Harorlı A, Kılıç M, 

Bayrakdar İŞ. Evaluation of the relationship 

between the Demirjian and Nolla methods and 

the pubertal growth spurt stage predicted by 

skeletal maturation indicators in Turkish 

children aged 10–15: investigation study. Acta 

Odontol Scan. 2019;77:107-13. 

3. Thilak JT, Manisha KM, Sapna DR, Nivedita 

C. Evaluation of third molar maturity index 

(I3M) in assessing the legal age of subjects in 

an Indian Goan population. J Forensic 

Odontostomatol. 2021;39:16-24. 

4. Sirli Yilmaztürk S, Yarbaşı Ö, Bozdemir E. Bir 

diş hekimliği fakültesine başvuran hastaların 

radyasyonun zararları ve biyolojik etkileri 

hakkındaki bilgi düzeylerinin 

değerlendirilmesi. NEU Dent J. 2020;2:1-8. 

5. Lamparski DG, Nanda SK. Skeletal age 

assessment utilizing cervical vertebrae. 

Craniofacial growth series. 2002;39:171-84. 

6. İzgi MS, Hatice K. Kemik yaşı ve maturasyon 

tespiti. Selcuk Dent J 2020;7:124-33. 

7. Karadayı B, Afşin H, Ozaslan A, Karadayı Ş. 

Development of dental charts according to 

tooth development and eruption for Turkish 

children and young adults. Imaging Sci Dent. 

2014;44:103-13. 

8. Yousefi F, Mohammadi Y, Ahmadvand M, 

Razaghi P. Dental age estimation using cone-

beam computed tomography: A systematic 

review and meta-analysis. Imaging Sci Dent. 

2023;53:91-9. 

9. Kaya S, Eskin K, Koç A. Radiologic evaluation 

of inverted teeth. NEU Dent J. 2023;5:47-53. 

10. Güler AY, Göksel S. Assessment of the 

volumetric features of nasolacrimal canal on 

patients with unilateral cleft lip and palate: a 

cone-beam computed tomography study. NEU 

Dent J. 2023;5:54-9. 

11. Akbaş M, Akbulut MB. Seçilmiş bir genç Türk 

popülasyonunun molar dişlerinde apikal 

periodontitis prevalansı ve kanal tedavisi 

kalitesinin değerlendirilmesi. NEU Dent J. 



Necmettin Erbakan University Dental Journal (NEUDentJ) 
 

 

    
 
 

29 

2020;2:52-8. 

12. Altindag A, Yüksel İB. Panoramik 

radyografide yumuşak doku kalsifikasyon ve 

ossifikasyonları. NEU Dent J. 2021;3:62-69. 

13. Soğanci AE, Esen A, Metli ŞN. Ortognatik 

cerrahi vakalarında ameliyat öncesi 2 boyutlu 

görsel tedavi hedefi sonuçlarının tedavi sonrası 

ile karşılaştırılması. NEU Dent J. 2022;4:24-9. 

14. Bolaños MaV, Moussa H, Manrique MaC, 

Bolaños MJ. Radiographic evaluation of third 

molar development in Spanish children and 

young people. Forensic Sci Int. 2003;133:212-

9. 

15. Association WM. World Medical Association 

Declaration of Helsinki: ethical principles for 

medical research involving human subjects. 

Jama. 2013;310:2191-4. 

16. Baccetti T, Franchi L, McNamara JA Jr. An 

improved version of the cervical vertebral 

maturation (CVM) method for the assessment 

of mandibular growth. Angle Orthod. 

2002;72:316-23. 

17. Demirjian A, Goldstein H, Tanner JM. A new 

system of dental age assessment. Hum Biol. 

1973;45:211-27. 

18. Demirjian A, Goldstein H. New systems for 

dental maturity based on seven and four teeth. 

Annals of Hum Biol. 1976;3:411-21. 

19. Różyło-Kalinowska I, Kolasa-Rączka A, 

Kalinowski P. Relationship between dental age 

according to Demirjian and cervical vertebrae 

maturity in Polish children. Eur J Orthod. 

2010;33:75-83. 

20. Felemban NH. Correlation between cervical 

vertebral maturation stages and dental 

maturation in a Saudi sample. Acta Stomatol 

Croat. 2017;51:283-9. 

21. Başaran G, Özer T, Hamamcı N. Cervical 

vertebral and dental maturity in Turkish 

subjects. Am J Orthod Dentofacial Orthop. 

2007;131:447.e13-20. 

22. Magat G, Ozcan S. Age estimation based on the 

third molar development in a Turkish 

population: A radiographic study. Ann Med 

Res. 2021;26:1178–83. 

23. Uysal T, Ramoglu SI, Basciftci FA, Sari Z. 

Chronologic age and skeletal maturation of the 

cervical vertebrae and hand-wrist: is there a 

relationship? Am J Orthod Dentofacial Orthop. 

2006;130:622-8. 

24. Al-Balbeesi HO, Al-Nahas NW, Baidas LF, 

Huraib SMB, Alwadai G. Correlation between 

skeletal maturation and developmental stages 

of canines and third molars among Saudi 

subjects. Saudi Dent J. 2018;30:74-84. 

25. Cho SM, Hwang CJ. Skeletal maturation 

evaluation using mandibular third molar 

development in adolescents. J Forensic Dent 

Sci. 2016;8:112. 

26. Chertkow S, Fatti P. The relationship between 

tooth mineralization and early radiographic 

evidence of the ulnar sesamoid. Angle Orthod. 

1979;49:282-8. 

27. Engström C, Engström H, Sagne S. Lower third 

molar development in relation to skeletal 

maturity and chronological age. Angle Orthod. 

1983;53:97-106. 

28. Krailassiri S, Anuwongnukroh N, 

Dechkunakorn S. Relationships between dental 

calcification stages and skeletal maturity 

indicators in Thai individuals. Angle Orthod. 

2002;72:155-66. 

29. Palanisamy V, Rao A, Shenoy R, Baranya SS. 

Correlation of dental age, skeletal age, and 

chronological age among children aged 9-14 

years: a retrospective study. J Indian Soc Pedod 

Prev Dent. 2016;34:310-4. 

30. Litsas G. and Lucchese A. . Dental and 

Chronological Ages as Determinants of Peak 

Growth Period and Its Relationship with Dental 

Calcification Stages. Open Dent. J 2016;10:99-

108. 

31. Mollabashi V, Yousefi F, Gharebabaei L, 

Amini P. The relation between dental age and 

cervical vertebral maturation in orthodontic 

patients aged 8 to 16 years: A cross-sectional 

study. Int Orthod. 2019;17:710-8. 

32. Sisman Y, Uysal T, Yagmur F, Ramoglu SI. 

Third-molar development in relation to 

chronologic age in Turkish children and young 

adults. Angle Orthod. 2007;77:1040-5. 

33. Orhan K, Ozer L, Orhan AI, Dogan S, Paksoy 

CS. Radiographic evaluation of third molar 

development in relation to chronological age 

among Turkish children and youth. Forensic 

Sci Int. 2007;165:46-51. 

34. Meinl A, Tangl S, Huber C, Maurer B, Watzek 

G. The chronology of third molar 

mineralization in the Austrian population--a 

contribution to forensic age estimation. 

Forensic Sci Int. 2007;169:161-7. 

35. de Oliveira FT, Capelozza ALÁ, Lauris JRP, de 

Bullen IRFR. Mineralization of mandibular 

third molars can estimate chronological age—

Brazilian indices. Forensic Sci Int. 

2012;219:147-50. 

36. Paz Cortés MM, Rojo R, Alía García E, 

Mourelle Martínez MR. Accuracy assessment 



Evaluation of The Relationship Between Dental and Cervical Vertebrae Maturation in Terms of Age Determination 
    

 

30 

of dental age estimation with the Willems, 

Demirjian and Nolla methods in Spanish 

children: Comparative cross-sectional study. 

BMC Pediatrics. 2020;20:361. 

37. Karataş OH, Öztürk F, Dedeoğlu N, Çolak C, 

Altun O. Radiographic evaluation of third-

molar development in relation to the 

chronological age of Turkish children in the 

southwest eastern Anatolia region. Forensic Sci 

Int. 2013;232:238.e1-5. 

38. Nur B, Altunsoy M, Akkemik Ö, Ok E, Evcil 

M. Third-molar mineralization and eruption 

correlated to chronologic age in Turkish 

children and adolescents. Aust J Forensic Sci. 

2015;47:1-9. 

 


