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Abstract: 
Introduction: Nolla's method evaluates dental age in permanent teeth, classifying it on a scale from 0 to 10; 
The objective of this study is to determine the chronological age and Nolla stages in the first permanent molars 
through radiographic observation of pediatric dental patients treated at the Dental Clinics of San de Portoviejo 
University, from January to December 2023.  
Materials and methods: This study is observational, cross-sectional, and retrospective. A non-probabilistic 
sample was selected for convenience, including 301 panoramic radiographs from ages 4 to 9 years. The 
maturation stages were assigned to the first permanent molars according to Nolla's method of recording dental 
age. The relationship between chronological age and the Nolla stage of dental mineralization was calculated 
using a Pearson Chi-square test. 
 Results: There was a significant relationship (p<0,05) between chronological age and dental age, according 
to Nolla.  
Conclusions: From the study results, it can be concluded that the Nolla method classification can be used for 
the estimated chronological age of the target population. Furthermore, at the age of 8 years, a higher frequency 
of stage 9 was evident. However, the significant relationship between chronological age and dental 
mineralization highlights the validity of this method in clinical practice. 
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Introduction 
Dental development in childhood is a fundamental process that influences oral health throughout life, making 
it essential in pediatric dentistry for optimal diagnosis and treatment (1). In 1960, Dr. Carmen Nolla developed 
the Nolla stages method, which determines dental age, aiming to comprehensively analyze permanent 
dentition through X-rays. The morphology of the root is also evaluated to detect dilacerations and other 
possible alterations. This method classifies tooth maturation on a scale from 0 to 10, considering the phases 
of mineralization of permanent teeth, from the crypt to the closure of the root apex. Consequently, the first 
permanent molars, which erupt at around six to seven years of age, are key indicators in the evaluation of 
dental growth in children (2),(3),(4). 
 Stage 0 indicates the absence of formation of the tooth germ, stage 1 presence of the tooth germ, stage 2 
beginning of crown calcification, stage 3 one-third of the crown, stage 4 two-thirds of the crown, and stage 5 
almost all the crown, stage 6 entire dental crown, stage 7 one-third of the root, stage 8 two-thirds of the root, 
stage 9 almost the entire root, stage 10 complete fusion of the dental roots (5). According to the determined 
calcification phases, each of the teeth obtains a score according to the degree of maturity that is present. 
Therefore, the sum of the points has become a fundamental technique for estimating dental age (6). Likewise, 
this classification studied by Nolla is used in teaching and clinical practice in various populations, allowing the 
estimation of chronological age, established by the day a person is born and the time elapsed since that date 
( 2),(7),(8).  
However, it is essential to consider the factors that affect the chronology of dental eruption since problems 
may arise in patients when a delay in the emergence of teeth occurs. This situation can result in incorrect 
occlusion, meaning that a child's teeth do not erupt at the expected time or within the time range established 
as normal for their age (9),(10).  
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Therefore, discrepancy is generated when trying to establish a precise chronology of permanent tooth eruption, 
because it is influenced by various factors, such as; sex, diet, age, geographical location, race, and present 
health problems (11).                                                                                                                                                                       
The objective of this research was to determine the chronological age and Nolla stages in the first permanent 
molars through radiographic observation of pediatric dental patients treated at the Dental Clinics of San 
Gregorio de Portoviejo University during the period from January to December 2023. It has been hypothesized 
that there is a direct relationship between chronological age and the stage of dental mineralization of Nolla in 
the investigated population. 
 
Material and methods 
Study design 
The present study is observational, non-experimental, descriptive, cross-sectional, and retrospective. The 
inclusion criteria included radiographs of patients between the ages of 4 and 9 years who had panoramic 
radiographs with good contrast and clarity. On the other hand, the exclusion criteria were considered, ruling 
out low-quality radiographs that did not allow correct identification of tooth germs and incomplete 
sociodemographic data. Sampling was applied in a non-probabilistic way for convenience.  
 
Data collection. 
  The target population of this study consisted of panoramic radiographs of patients between 4 and 9 years old 
who were treated at the dental clinics of San Gregorio de Portoviejo University, Manabí, Ecuador, in 2023. The 
sample included a total of 301 patients of both sexes with X-rays attached to their medical records. To review 
the radiographic images, a negatoscope was used where the degree of mineralization of the first permanent 
molars was evaluated according to the method proposed by Nolla (2). Each of the teeth 16, 26, 36, and 46 
were assigned the corresponding stage, and with the sum of the values, the dental age estimated by the 
method was obtained. 
The data obtained were recorded in the data collection form, and the following aspects were considered; sex, 
date of birth, date of radiographic taking, chronological age, and Nolla's stage of dental formation. To determine 
chronological age, the date of birth and the age at the time of radiographic recording were reviewed in the 
clinical history of each patient. However, for the Nolla method, a certain stage from 0 to 10 was established for 
each first permanent molar. 
 
Once the information was collected, the data was imported into a Microsoft Office spreadsheet (Excel 2021) 
and then transported to the program (IBM SPSS version 26) (Statistical Package for the Social Sciences). For 
the analysis, descriptive statistics of the sociodemographic variables were applied; age and sex, as well as the 
frequency of Nolla stages by age in the first permanent molars, obtaining the percentages of these categories. 
Finally, the Pearson Chi-square test was used, achieving a level of significance lower than the 0,05 level 
(p=0,02), which indicated a significant association between chronological age and the stages of dental 
maturation of the first permanent molars. 
Once the information was collected, the data was imported into a Microsoft Office spreadsheet (Excel 2021) 
and then transported to the program (IBM SPSS version 26) (Statistical Package for the Social Sciences). For 
the analysis, descriptive statistics of the sociodemographic variables were applied; age and sex, as well as the 
frequency of Nolla stages by age in the first permanent molars, obtaining the percentages of these categories. 
Finally, the Pearson Chi-square test was used, achieving a level of significance lower than the 0,05 level 
(p=0,02), which indicated a significant association between chronological age and the stages of dental 
maturation of the first permanent molars. 
 
Ethical aspects. 
This study was approved by the Human Research Ethics Committee (CEISH-Comité de Ética de Investigación 
en Seres Humanos) of the Technical University of Manabí, with the code (CEISH-UTM-EXT_24-04-05_MFFY). 
Likewise, it was based on to the established principles of the 1964 Helsinki Declaration, guaranteeing the right 
to privacy protection and confidentiality in data handling (12). 
 
Results 
The total sample was made up of 301 panoramic radiographs of pediatric dental patients aged 4 to 9 years, 
with a distribution of 172 females and 129 males. In both sexes, the age group with the highest percentage 
was 8-year-old children, followed by 9-year-old children. The age groups with the lowest percentage were 4 
and 5 years old. 
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Table II shows the frequency of Nolla stages by age in the first permanent molars, ranging from stage 3 to 
stage 10, evaluating a total of 1.204 teeth. In all cases, teeth 16, 26, 36, and 46 presented the Nolla stage 
corresponding to the complete root with open apices (stage 9). Specifically, in tooth 16, this stage was more 
frequent at 8 years, with 49 cases, while in tooth 26, it predominated at 9 years in 47 cases. In tooth 36, stage 
9 occurred most frequently at 8 years, in 79 cases, and in tooth 46, also at 8 years, with 76 cases. However, 
at the age of 4 years, a lower frequency of cases was observed. 

 
In Table III, Pearson's Chi-square test was applied to analyze the relationship between chronological age and 
dental age according to the Nolla stages. The results showed statistical significance since the p value (0,02) 
is less than 0,05. This suggests that chronological age significantly influences dental age using the Nolla 
method in the study population. 

 
Discussion 
The evaluation of dental development through Nolla stages is considered an elementary factor in determining 
chronological age in pediatric dentistry, providing important information for correct diagnosis and treatment 
planning, allowing the identification of late or early maturation, and, likewise, understanding the formation of 
permanent dental (13),(14). However, the accuracy of the dental age estimation method can be influenced by 
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sample size, variability of age groups, statistical approaches, and their precision (15). As in other similar 
investigations, this research work is widely discussed in the literature showing its validity and usefulness in the 
dental field. 
Of the 301 panoramic radiographs, the first permanent molars 16, 26, 36, and 46 were analyzed. It was evident 
that tooth 36 showed the highest frequency in stage 9 at the age of 8 years, with a prevalence of 62,2% and 
an absolute frequency of 79. This was followed by tooth 46, at the same age and stage, with 59,8% and a 
frequency of 76, which coincides with other investigations (16),(17).  In a similar study, in which the first molars 
were analyzed to evaluate their dental maturation and development through the Nolla method according to 
age, it was found that tooth 26 showed the highest frequency in stage 8 (18).  
However, in an investigation carried out on Korean children who visited the Yonsei University Dental Hospital, 
it was determined that Nolla stage 6 was present on tooth 16, corresponding to the complete formation of the 
crown, at the ages of 5 and 6 years (19). This result indicates that there could be differences in dental 
development between different populations.   
Regarding the Pearson Chi-square statistical test with a 95% confidence interval, a significant relationship was 
found between chronological age and the stage of dental mineralization according to Nolla, with a value of 
(p=0,02), these results are consistent with other studies carried out where there is a significant association 
between these variables (20),(21),(22).   
Also, a study that was developed at the Faculty of Pediatric Dentistry of Tokat Gaziosmanpaşa University 
shows a statistically significant relationship between chronological age and the Nolla mineralization stage (p = 
0,02) (23). Furthermore, in research carried out in the KwaZulu-Natal region of South Africa, a highly significant 
difference was found between the chronological age and the dental age of Nolla, giving a value (p = <0,001) 
(24).  
 
Conclusion 
The results indicate that chronological age has a considerable impact on dental mineralization in pediatric 
dental patients aged 4 to 9 years, and that Nolla stages are a valid tool for assessing dental maturity in this 
population. 
 
Funds 
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors. 
 
Conflict of interest 
The authors of this manuscript have no conflicts of interest to declare. 
 
Regulatory statement 
This study was conducted following all provisions of the guidelines and policies of the local human subjects 
oversight committee of the Human Research Ethics Committee (CEISH) of the Technical University of Manabí. 
This study protocol was reviewed and approved by [Human Research Ethics Committee (CEISH) of the 
Technical University of Manabí], approval number [CEISH-UTM-EXT_24-04-05_MFFY] 
 
References 
1. Kuremoto K, Okawa R, Matayoshi S, Kokomoto K, Nakano K. Estimation of dental age based on the 

developmental stages of permanent teeth in Japanese children and adolescents. Sci Rep. febrero de 
2022;12(1):3345. doi: 10.1038/s41598-022-07304-2. PMID: 35228622; PMCID: PMC8885679. 

2. Nolla CM.The development of the permanent teeth. J Dent Child. 1960;27:254-66. 
3. Yassin SM, Almai BAM, Huaylah SH, Althobati MK, Hamdi FMA, Togo RA. Accuracy of  Estimating 

Chronological Age from Nolla's Method of  Dental Age Estimation in a Population of Southern Saudi Arabian 
Children. Revista Nigerian Journal of Clinical Practice. diciembre de 2020;23(12):1753-1758. doi: 
10.4103/njcp.njcp_648_19 

4. Subramaniam P, Pagadala R. Association of Eruption Timing of First Permanent Molars and Incisors with 
Body Mass Index of Children in Bengaluru City. Revista Journal of Indian Association of Public Health 
Dentistry. enero-marzo de 2020;18(1):70-76. doi: 10.4103/jiaphd.jiaphd_81_19 

5. Mohamed R, Abirami A. Age Estimation with Permanent First Molar Using Nolla’s Method In Indian 
Population. Journal of Population Therapeutics and Clinical Pharmacology. 2023;30(6):195-199. doi: 
https://doi.org/10.47750/jptcp.2023.30.06.026 

6. Quinto SM, Gómez VJ. Avances en Antropología Forense. Primera edición. Mexico: Universidad Nacional 
Autónoma de Mexico; 2022 

https://doi.org/10.47750/jptcp.2023.30.06.026


`

1 
  3   5     

  
  

 Ferrín Melanie, Miranda Angélica, Murillo Ángela. 

 
Chronological Age and Nolla’s stages in first permanent molars in children: radiographic observation 

 
 

Cuest.fisioter.2025.54(5):319-323 323 

 

7. Alotaibi NN, Alqahtani SJ. Performance of different dental age estimation methods on Saudi children. J 
Forensic Odontostomatol. abril de 2023;30(41):27-46.  PMID: 37149752; PMCID: PMC10319098. 

8. Sankhyan D, Sehrawat J, Talwar M. Forensic Dental Age Estimation of North Indian Children Using Three 
Radiological Scoring Methods. AJFSFM. mayo de 2022;4(1):16-27. doi: 
https://doi.org/10.26735/LUDY4097 

9. Kotsanos N, Sarnat H, Park K. Pediatric Dentistry. Primera edición. Springer International Publishing; 2022. 
doi: https://doi.org/10.1007/978-3-030-78003-6 

10.  Noaman B, Abdullah A. Validity of Nolla’s Method for Age Estimation for Children in Kurdish Iraqi 
Population - A Retrospective Study. Revista Indian J Dent Res. 2022; 33(4): 393-396. doi: 
10.4103/ijdr.ijdr_1181_21 

11.  Benavente TR, Benites JK, Olaya CE, Zavala VA, Valenzuela RM. Chronology of permanent teeth 
eruption. Revista World Health Journal. 2021;2(1):7-11. doi: https://doi.org/10.47422/whj.v2i1.9 

12.  Asociación Médica Mundial. Declaración de Helsinki de la AMM- Principios éticos para las investigaciones 
médicas en seres humanos. AMM. 2017.  

13. El-Desouky SS, Kabbash IA. Age estimation of children based on open apex measurement in the 
developing permanent dentition: an Egyptian formula. Clin Oral Investig.  2023;27(4):1529-1539. 
doi:10.1007/s00784-022-04773-7 

14. Martínez GV, Ortega PA. Comparación de los métodos de Nolla, Demirjian y Moorrees en la estimación 
de la edad dental con fines forenses. Revista Odontológica Mexicana. Julio-Septiembre de 2017;21(3):155-
164. doi: https://doi.org/10.1016/j.rodmex.2017.09.002 

15.  Mohammed RB, Sanghvi P, Perumalla KK, Srinivasaraju D, Srinivas J, Kalyan US, Rasool SM. Accuracy 
of four dental age estimation methods in southern Indian children. J Clin Diagn Res. Enero de 2015;9(1):1-
8. doi: 10.7860/JCDR/2015/10141.5495. PMID: 25738008; PMCID: PMC4347099. 

16.  Jia SX, Han MQ, Wang CX, Mou QN, Zhao JM, Chen T, Gao Q, Guo YC. Accuracy of Nolla Method for 
Age Estimation of Northern Chinese Han Children. Fa Yi Xue Za Zhi. Abril de 2021;37(2):181-186. doi: 
10.12116/j.issn.1004-5619.2020.200409. PMID: 34142478. 

17.  Gupta P, Shantala RN, Khaitan T, Shukla  AK. Comparison of Demerjian’s and Nolla’s Method for Dental 
Age Estimation in Children and Adolescents: A Systematic Review and Meta Analysis. Journal of Indian 
Academy of Oral Medicine & Radiology. Abril-Junio de 2023;35(2):279-283. doi: 
10.4103/jiaomr.jiaomr_31_22 

18.  Lee H, Lee K, Kim M, Nam O, Lee H-S, Choi S. Analysis of the Characteristics of First Permanent Molars 
with Delayed Eruption. The journal of the Korean Academy of Pediatric Dentistry. Korean Academy of 
Pediatric Dentistry. 2022;49(1):95–103. doi: http://dx.doi.org/10.5933/JKAPD.2022.49.1.95 

19.  Shin M, Je-Seon S, Jaeho L, Byung-Jai C, Seong-Oh K, Hyo-seol L. Evaluation of the Developmental Age 
of Permanent Teeth by the Nolla Method. The journal of the Korean Academy of Pediatric Dentistry. 
2016;43(1):1-7. doi: https://doi.org/10.5933/JKAPD.2016.43.1.1 

20.  Noaman B, Abdullah A. Validity of Nolla’s Method for Age Estimation for Children in Kurdish Iraqi 
Population - A Retrospective Study. Revista Indian J Dent Res. 2022;33(4): 393-396. doi: 
10.4103/ijdr.ijdr_1181_21  

21.  [ PubMed ] Al-Dharrab AA, Al-Sulaimani FF, Bamashmous MS, Baeshen HA, Zawawi KH. Radiographic 
evaluation of dental age maturity in 3-17-year-old Saudi children as an indicator of chronological age. J 
Orthod Sci. April-June 2017;6(2):47-53. doi: 10.4103/jos.jos_1_17. PMID: 28546957; PMCID: 
PMC5433104. 

22.  Wen D, Ding Z, Tian Z, Wu W, Qu W, He W, Wang C, Li J, Zha L, Liu Y. Comparing the accuracy of 
Demirjian and Nolla methods and establishing a new method for dental age estimation in northeastern 
Chinese children. Forensic Sci Res. febrero de 2023;7(4):685-693. doi: 10.1080/20961790.2021.2024655. 
PMID: 36817253; PMCID: PMC9930805. 

23.  Hato E, Coşgun A, Altan H. Comparative evaluation of Nolla, Willems and Cameriere methods for age 
estimation of Turkish children in the Central Black Sea Region: A preliminary study. J Forensic Leg Med. 
Octubre de 2022;91:102400. doi: 10.1016/j.jflm.2022.102400. PMID: 35870384. 

24. Ishwarkumar S, Pillay P, Chetty M, Satyapal KS. Applicability of the Nolla Classification Scheme within the 
KwaZulu-Natal population of South Africa. Translational Research in Anatomy. 2022;28(2):1-12. doi: 
https://doi.org/10.1016/j.tria.2022.100213 

https://doi.org/10.26735/LUDY4097
https://doi.org/10.4103/ijdr.ijdr_1181_21
https://doi.org/10.47422/whj.v2i1.9
https://doi.org/10.1007/s00784-022-04773-7
http://dx.doi.org/10.5933/JKAPD.2022.49.1.95
https://doi.org/10.5933/JKAPD.2016.43.1.1
https://doi.org/10.5933/JKAPD.2016.43.1.1
https://doi.org/10.1016/j.tria.2022.100213
https://doi.org/10.1016/j.tria.2022.100213

