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                                                                                    ABSTRACT                                                                                                                      

Background: Age estimation has an important role in forensic sciences, with dental radiographs serving as a reliable 

source. Conventional methods which are widely used such as Demirjian’s technique, may vary depending on examiner 

subjectivity. Artificial intelligence (AI) offers potential for speed and automation. This study compared the accuracy of 

dental age estimation using a modified Demirjian’s method and ChatGPT-based AI estimation. 

Methods: 50 digital orthopantomograms (25 males and 25 females, aged 10–20 years) were collected from digital OPG 

archives and analysed. Chronological age was calculated from the date of birth. Manual dental age estimation was 

estimated using the Indian modification of Demirjian’s method. ChatGPT was prompted to assign tooth development 

stages, calculate maturity scores, and estimate age based on the OPGs uploaded. Spearman’s correlation, Mann–

Whitney U test, mean absolute error (MAE), and root mean square error (RMSE) were applied for statistical analysis.                        

Results: All age datasets showed deviation from normality (Shapiro–Wilk, p < 0.05). Manual dental age showed strong 

correlation with chronological age (ρ = 0.871, p < 0.001), at the same time AI-based estimation showed weaker 

correlation (ρ = 0.394, p = 0.0047). A moderate correlation was observed between manual and AI estimates (ρ = 0.418, 

p = 0.0025). No significant gender-based differences were found. Accuracy was higher for the manual method (MAE 

= 1.22 years, RMSE = 1.55 years) compared to AI (MAE = 2.92 years, RMSE = 3.66 years). 

Conclusion: In this study it was found out that manual age estimation using the modified Demirjian method remains 

more accurate than ChatGPT based age estimation, confirming its role as the gold standard in forensic cases. While AI 

demonstrated speed and consistency, its current limitations are the absence of datasets. In the future  AI can be trained 

on wide radiographic datasets so that it can be an adjunct to.  conventional methods , but manual estimation method 

remain unavoidable at present. 
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INTRODUCTION  

Age determination of unidentified human remains is 

crucial in crime investigations and mass disasters, as 

information such as age at death, date of birth, year of 

death, and gender can help narrow down and identify the 

individual from a large pool of potential matches 1. 

Methods of age estimation utilize various parameters 

like developing dentition, skeletal development or age 

related changes2,3. Teeth are the most resilient tissue in 

the human body capable of withstanding extreme 

considerations. Teeth can provide valuable evidence 

including age , sex and ethnicity. When examining the 

skeleton of a mature individual, different methods are 

used to estimate the age at death during earlier stages of 

life—such as in a fetus, newborn, toddler, or other 

immature phases4. Age is a fundamental aspect of human 

identity, and in forensic science, biological age can be 

estimated through various indicators such as bones and 

teeth. Dental age estimation relies on parameters like 

tooth development and eruption, postformation changes, 

and third molar development. Numerous studies have 

proposed different methods for estimating dental age5,6,7. 

Dental age can be assessed using two main approaches: 

radiographic evaluation and clinical observation of tooth 

eruption. The methods are generally classified into three 

categories: (1) morpho-histological methods, (2) 

radiological methods, and (3) biochemical methods 8,9. 

Traditional methods have been extensively validated 

across diverse populations worldwide, the introduction 

of automated techniques based on deep learning has 

enhanced both performance and practical applicability. 

This marks a significant advancement in the field of 

chronological age estimation, as these methods offer 

faster processing and eliminate the subjectivity 

associated with human observation10. Demirjian’s 

method of tooth development is the most commonly 

used technique for estimating age in people with 

erupting teeth11. Demirjian’s 1973 staging system was 

originally developed using specific populations like 

FrenchCanadian children. As a result, their accuracy 

often declines when applied to individuals from different 

ethnic or regional backgrounds, frequently leading to age 

overestimation or underestimation12. The merging of 

artificial intelligence into dentistry provides 

opportunities for enhancing diagnostic accuracy, 

treatment planning and improving patient care.  But its 

application is subject to various types of bias including 

sampling, computational and observer bias, all of which 

should be addressed for reliable outcomes 13. AI based 

automated systems have been introduced to eliminate 

examiner subjectivity in age estimation. Among these, 

the Deep Learning Convolutional Neural Network 

(CNN) approach has shown the best performance, 

achieving accuracy comparable to that of trained 

researchers.  Artificial intelligence has also 

demonstrated significant utility in other areas of dental 

radiographic analysis. For instance, Subramanian et al. 

(2022) highlighted the effectiveness of AI-based systems 

in orthodontics, particularly in automating 

cephalometric landmark identification using CNNs.  

Their review emphasizes the growing role of AI in 

enhancing diagnostic precision and reducing 

interobserver variability in dental imaging. These 

advancements in cephalometric analysis underscore a 

shared potential for AI applications across both 

orthodontic and forensic disciplines[14]. This study 

aims to evaluate and compare the accuracy of age 

estimation using artificial intelligence tools such as 

ChatGPT with traditional manual methods, using 

chronological age as the reference. A total of 50 

orthopantomograms(OPGs), iCloud including 25 males 

and 25 females aged between 10 and 20 years, were 

analyzed. The manual method applied was the modified 

Demirjian’s 8 teeth approach proposed by Ashish 

Acharya.   

The purpose of this study was to determine whether 

ChatGPT, a form of artificial intelligence, could 

improve dental age estimation's objectivity and 

reproducibility when compared to the extensively used  

Demirjian's approach. Although Khanagar et al. 

emphasized the benefits of using AI for age estimation 

in order to reduce examiner bias and enhance 

consistency in radiograph interpretation, the majority of 

the research in their analysis used CNN-based models. 

The present study is innovative because it uses a 

general-purpose AI (ChatGPT) to directly perform tooth 

staging and age estimation using Modified Demirjian's 

method—a fresh approach that hasn't been documented 

in the literature before15.  
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MATERIALS AND METHODS   

Study Design and Sample  

This study involved 50 digital OPG’s from individuals 

aged 10 to 20 years. The sample included 25 males and 

25 females. Inclusion criteria: availability of 

highresolution OPGs, complete eruption or visibility of 

left mandibular permanent teeth including the third 

molar (teeth 31 to 38), and known date of birth. OPGs 

with missing mandibular teeth, cases without date of 

birth of the patient were excluded.  

Chronological Age Calculation  

Chronological age was calculated by subtracting the date 

of birth from the date of OPG acquisition.   

Manual Dental Age Estimation  

Two independent evaluators, blinded by the patients’ 

chronological ages, performed manual age estimation 

using the Indian version of Demirjian’s method by 

Ashish Acharya, which includes all eight left lower teeth 

(31 to 38), including the third molar. Each tooth was 

staged (0 to 9) based on its radiographic development, 

using a standardized tooth development chart(Figure1). 

                                                                                                                       
Figure 1. Orthopantomogram illustrating the developmental staging and corresponding Modified Demirjian scores 

assigned to each mandibular tooth (31–38)  

The respective maturity scores were derived from sex-specific scoring tables (Table 1). The scores were summed to 

obtain a total maturity score (S), which was substituted into the following formulas:                                                                                    

Table 1. Tooth development stages and corresponding maturity scores used for dental age estimation  
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● For Males:  

Age = 27.4351-(0.0097xS2) + (0.000089xS3)  

● For Females:  

Age = 23.7288-(0.0088xS2)+(0.000085xS3)  

                   This research was carried out following STROBE guidelines to ensure methodological precision.  

AI-Based Dental Age Estimation  

The same OPGs were uploaded into ChatGPT (OpenAI), along with the reference development stages and maturity 

score tables. ChatGPT was first prompted to evaluate each of the eight mandibular teeth (31 to 38) and assign a 

developmental stage (0 to 9) by comparing with the visual reference chart. Using the provided scoring table, ChatGPT 

then assigned maturity scores, calculated the total maturity score (S), and finally substituted this value into the 

respective gender-specific regression equation to estimate dental age. Thus, the entire process — from stage assignment 

to age estimation — was performed by AI using the same validated method.   

Data analysis   

All statistical analyses and data management were performed using the Statistical Package for Social Sciences (SPSS 

Inc., Chicago, IL, USA) for Windows and MS-Excel[Table 2 ]. Normality of all the three data were assessed. A pvalue 

less than 0.05 was considered as statistically significant deviation from a normal distribution.   

 Table 2. Chronological age, manual dental age, and AI-based dental age estimations of the study participants  

Sl No.  PID  
CHRONOLO 

GICAL AGE  DENTAL AGE 

MANUAL  

DENTAL AGE AI  

M  
19122138010  11  

11.2  
11.99  

F  19122338192  18  17.8  15  

F  20110573463  17  19  14.5  

M  21020286659  12  13.3  12.3  

F  

24103037749 

8  10  
12.24  

14.5  
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F  

21071911334 

9  13  
16.7  

11.8  

F  

21092012641 

1  11  
9.7  

11.8  

F  

23051625297 

9  14  
15.3  

17.2  

M  

23060125742 

6  18  
18.5  

13.4  

F  

23102629323 

2  17  
15  

19.07  

M  

22111421159 

0  14  
12.36  

12.5  

 

M  

22121721769 

5  10  
11.4  

9.8  

F  

23020422803 

7  13  
13.13  

13.6  

F  

23060225775 

4  17  
19  

14.4  

F  

23030123374 

1  10  
9.7  

8  

F  

23030423457 

8  15  
16  

13  

F  

23040524232 

4  16  
16  

14  
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M  

23041124371 

6  16  
18.5  

13.5  

M  

23041224387 

8  16  
17.3  

13  

M  

23041324409 

1  16  
18.2  

14.4  

M  1907027887  19  19.4  14  

M  1907119955  18  18.5  14.5  

F  

23041924532 

4  19  
17.16  

11  

F  

23042124578 

7  20  
20.7  

13  

M  

23042124581 

9  12  
11.1  

12  

M  

23060625880 

7  19  
18.5  

14.9  

M  

23050224825 

4  13  
12.04  

12  

F  

23050324858 

2  17  
17.8  

11.5  

F  

23050324863 

7  12  
13.8  

13  
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F  

23061025988 

6  18  
19.07  

18.6  

M  

23062226267 

0  19  
19.43  

17.6  

M  20030951559  20  19.4  17.5  

M  20060355755  18  18.5  18.5  

M  20091565425  20  19.4  16.5  

F  

23100328783 

4  14  
9.7  

14.7  

M  

23050925064 

2  12  
10.56  

9.8  

M  

23051125119 

3  19  
19.4  

12.66  

F  

23051125143 

1  12  
11.96  

16.24  

F  

23051225160 

2  12  
15.1  

17.48  

F  

23051325191 

9  17  
14.07  

25.81  

M  

23051325192 

2  17  
18.5  

21.13  
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F  

23051325192 

7  20  
19.07  

11.3  

F  

23051325195 

8  15  
13.8  

13.5  

F  

23051325209 

5  17  
18  

12  

F  

23051525231 

3  17  
19.07  

13  

M  

23061726190 

9  18  
16.68  

15.3  

M  

23052425536 

5  10  
10.3  

10  

M  

23052725609 

6  15  
14.6  

14  

M  

23060125742 

6  18  
18.5  

16  

M  

24032532489 

7  19  
19.43  

17.4  

Since it showed non-normal distribution of the data, non-parametric statistical tests were employed: Spearman’s rank 

coefficient (ρ) was done to assess the strength and direction of associations between chronological and manual dental 

age, chronological and AI predicted dental age, manual and AI based dent al age estimated. Mann-Whitney U test was 

done to assess whether any statistically significant differences in dental age estimation based on gender for both manual 

and AI methods. Mean Absolute Error(MAE)  and Root Mean Square Error(RMSE) were performed to compare the 

performance of manual and AI based age estimation methods against chronological age.  

RESULTS   

Normality of Data                                                                                                                                                                              

The Shapiro-Wilk test demonstrated that the distribution of chronological age (W=0.922,p=0.0028), manual dental 

age (W=0.890, p=0.0059) significantly deviated from normality. Therefore non-parametric statistical methods were 
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used for further analysis.                                                                                                                                                          

Correlation Between Methods                                                                                                                                                          

A moderate positive correlation was observed between manual and AI-based dental age estimates (Spearman’s ρ =  

0.418, p = 0.0025), indicating partial agreement between the two approaches .                                                                   

Correlation with Chronological Age                                                                                                                                                

The manual method shows a strong positive correlation with chronological age (ρ=0.0871, p<0.001) and the AI method  

(Figure2) showed a weaker yet statistically significant correlation(ρ=0.394,p=0.0047).                                                                 

This suggests that manual estimation closely aligns with the actual age (Figure 3). 

   

                                  

Figure 2. Bland–Altman plot illustrating the agreement between chronological age and estimated dental age using 

manual and AI-based methods.  

Gender-Based Differences  

There was no statistically significant difference in dental age estimates between male and female subjects using either 

method:  

Manual method: Mann–Whitney U = 310.0, p = 0.8488  

AI method: Mann–Whitney U = 319.5, p = 0.7037  

Accuracy of Estimations  

Accuracy was assessed using MAE and RMSE:  

This suggests that manual estimation closely aligns with the actual age (Figure 3)   
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Figure 3. Scatter plot showing the correlation between chronological age and AI-predicted dental age among study 

participants  

Gender-Based Differences  

There was no statistically significant difference in dental age estimates between male and female subjects using either 

method:  

Manual method: Mann–Whitney U = 310.0, p = 0.8488  

AI method: Mann–Whitney U = 319.5, p = 0.7037  

Accuracy of Estimations                                                                                                                                                                   

Accuracy was assessed using MAE and RMSE:  

  

                                        
  Figure 4. Bar chart illustrating the MAE and RMSE values for manual and AI-based dental age estimation methods  

  

The manual method demonstrated significantly lower error values, indicating higher accuracy in estimating 

chronological age compared to the AI-based approach (Figure 4).   
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Scatter Plot Observations   

AI tends to over and underestimate ages, reducing precision. Whereas the manual method showed much closer 

alignment. This indicates manual estimation method is reliable and precise compared to AI based prediction.  

                              

Figure 5. Scatter plot showing the correlation between chronological age and manually calculated  dental age 

among study participants. 

DISCUSSION  

Anthropometry holds significant importance in human 

identification and serves a crucial role in medico-legal 

investigations related to death. Age estimation is a key 

part of anthropometric studies and helps identify 

individuals by their age in situations like legal cases, 

research studies, medical treatments, and other health-

related evaluations. Radiographic imaging plays a vital 

role in forensic odontology for identifying individuals16. 

Another commonly used method for estimating age 

involves assessing skeletal maturity and bone age 

through the evaluation of cervical vertebrae, which has 

been well established in research17. Using dental 

developmental stages, particularly calcification stages 

seen on radiographs, is currently the most reliable and 

efficient approach for estimating age in children and 

adolescents, especially when documentation is absent. It 

also advocates for an integrated, method-combined  

strategy to improve precision18.  

 

 

Arumugam et al (2020) describes several 

standardized dental techniques used to estimate age, 

especially in infants and adolescents, in her review 

article "Different Dental Aging Charts or Atlas 

Methods Used for Age Estimation." These methods 

mainly depend on the predictable sequence of tooth 

development and calcification stages. Demirjian's 

method that uses radiographic staging of tooth 

development , Nolla's method that divides stages 

based on crown initiation to apex closure and 

Moorrees’ method that analysed 13 stages for single 

rooted and 14 for multi-rooted  teeth are few of 

various methods for age estimation19.   

The research conducted by Boraiah Shivakumar and 

colleagues shows a strong link between dental age and 

chronological age, confirming the use of Demirjian's 8 

teeth method in the Indian population. This modified 

technique yields accurate results with minimal 
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discrepancies 20. The primary objective of this study 

was to evaluate and compare the accuracy of dental age 

estimation using ChatGPT with that of the manually 

applied modified Demirjian’s method. The findings 

revealed that manual estimation more closely matched 

the chronological age in individuals aged 10 to 20 years, 

indicating that conventional techniques currently 

provide greater accuracy within this age range. 

Although AI tools like ChatGPT demonstrate potential 

in supporting dental age assessment by delivering quick 

and consistent evaluations, they are not yet a substitute 

for the knowledge and clinical judgment of experienced 

pathologists or forensic experts. AI should be regarded 

as an adjunctive tool that complements, rather than 

replaces, professional expertise.  

The present study found that manual dental age 

estimation methods outperformed AI-based models, 

with MAE of 1.22 years and a RMSE of 1.55 years for 

the manual approach, compared to a substantially 

higher MAE of 2.92 years and RMSE of 3.66 years for 

the AI-based method. These results contrast with the 

findings reported by Kumagai et al., where 

conventional methods also showed slightly better 

accuracy than AI models, but the differences were 

minimal—MAE differences of only 0.21 years and 

RMSE differences of less than 0.24 years (equivalent to 

44–77 days and 62–88 days, respectively). Despite 

these differences in magnitude, both studies share key 

similarities: they consistently demonstrate the superior 

performance of manual methods over AI and utilize 

comparable evaluation metrics (MAE and RMSE)21. 

These observations are further supported by the 

systematic review conducted by Vila-Blanco et al. 

(2023), which examined a wide range of traditional and 

AI-based approaches. While AI models, particularly 

CNNs, showed promising results in specific age groups 

(notably under 15 years), their accuracy tended to 

decline across broader age ranges, with reported MAEs 

reaching up to 2.84 years. The consistently strong 

performance of traditional methods such as Demirjian 

and Cameriere, noted across all three studies, 

underscores their reliability, reproducibility, and 

interpretability. The relatively poor AI performance in 

the present study, especially when compared to more 

favorable AI results in Vila-Blanco’s review, may be 

attributed to factors such as dataset size, image quality, 

population variability, or differences in model training 

architecture 22. The results of this study are further 

supported by a study conducted in the Turkish pediatric 

population that compared a deep learning-based 

methodology with conventional approaches, such as 

Willems, Cameriere-European, and London Atlas. The 

study showed that the traditional methods demonstrated 

high intraclass correlation coefficients (ICCs) ranging 

from 0.92 to 0.95, while the deep learning model 

showed a slightly lower ICC of 0.89. The performance 

of AI was close to that of manual methods in their 

dataset; the discrepancy observed in the present study 

where AI demonstrated significantly higher error 

implies that the efficiency of AI-based models may vary 

considerably depending on factors such as model 

architecture, population characteristics, and dataset 

quality. These differences highlight the current 

limitations of AI in this field. Research consistently 

shows that traditional dental age estimation methods are 

reliable, repeatable, and dependable, emphasising their 

relevance in both forensic and clinical applications 23. 

In contrast, the study by Han et al. (2022) comparing the 

performance of manual, semiautomated, and fully 

automated dental age estimation models using 

panoramic radiographs showed that a fully automated 

deep learning model (ADAE), operating without any 

human input, showed a low MAE of 0.83 years, 

approximately half that of traditional manual estimation 

(MAE ≈ 1.66 years). Their ADSE which utilized 

manually defined features, produced an MAE of 1.63 

years, closely aligning with manual outcomes. These 

results differ from those of the present study, where 

manual estimation (MAE = 1.22; RMSE = 1.55) 

significantly outperformed the AI-based model 

(MAE = 2.92; RMSE = 3.66). The heterogeneity in 

outcomes could be due to variations in AI model design, 

dataset characteristics, image quality, and differences in 

participant demographics 24. The study by Koch et al. 

(2025) introduced a deep learning model for forensic 

age estimation using a dataset of 21,814 

orthopantomograms from individuals aged 1 to 25 

years. Their custom CNN, trained extensively over 

1,000 epochs, demonstrated strong predictive accuracy 

on an independent test set of 1,814 images, achieving a 

MAE of 0.93 ± 0.81 years and a mean signed error 
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(MSE) of –0.06 ± 1.23 years. 63% of the AI-based age 

predictions fell within one year of the actual age, and 

95% were within 2.5 years. These results reinforce the 

significance of AI-based systems when developed using 

large, high-quality datasets and optimized architectures. 

In contrast, the AI model employed in the present study 

demonstrated significantly lower accuracy, with an 

MAE of 2.92 years and an RMSE of 3.66 years, 

highlighting the impact of factors such as smaller 

dataset size, image resolution, and model learning 

accuracy on AI performance. While Koch et al.’s 

findings demonstrate that AI has the potential to 

outperform  traditional  methods  under 

 ideal circumstances, the current results  validate the 

dependability of manual approaches in practical and 

resource-limited settings. Though combined results of 

several studies indicate that although AI models can 

perform better than manual estimation in ideal 

circumstances, conventional techniques are still more 

dependable in situations where AI systems are limited 

by inaccurate training protocols, lack of  imaging 

quality , or a lack of data 25.  

LIMITATIONS AND FUTURE SCOPE  

The diversity of the population might not have been 

suitably reflected by the small sample size of 50 

OPGs in this research. The AI tool employed 

(ChatGPT) is a general-purpose model, not one that 

is particularly trained on dental radiographs; this 

constrained its ability to properly analyze imaging 

features. The research only investigated one ethnic 

group and age group (10–20 years), thereby limiting 

the relevance of the conclusions to other populations 

and age ranges. Moreover, the only comparison was 

the modified Demirjian's method; adding other 

proven methods might provide a more thorough 

assessment.   

Future research should focus on directly training 

artificial intelligence models on large, labeled 

radiographic datasets to improve accuracy and 

flexibility. More complete results would come from 

comparative studies including a range of populations, 

wider age ranges, and many approaches for 

estimating dental age. Incorporation of multimodal 

data, including skeletal and biochemical markers, 

will help artificial intelligence models become more 

reliable. The development of understandable, 

specific AI systems has the potential to eventually 

complement expert-driven techniques and promote 

the general application of such systems in clinical and 

forensic contexts.  

CONCLUSION  

This study provides a comparative analysis of dental 

age estimation accuracy using a widely accepted 
manual method and an AI-based approach, ChatGPT 
for  the  evaluation  of 

 orthopantomograms  in individuals aged 
10 to 20 years. Manual age estimation, based on the 

modified Demirjian method, was significantly more 
accu rate, with lower MAE and RMSE values 

compared to the AI-based model. These results are in 
line with other recent studies that support the accuracy 

and dependability of traditional techniques, 
specifically in forensic and clinical context. Although 

AI tools like ChatGPT offer the advantage of speed 
and automation, their performance is currently limited 

by factors such as lack of imagetrained data, reliance 
on text-based inference, and absence of direct feature 

learning from radiographs. In contrast, deep learning 
models trained on large, annotated datasets have 

shown promising results, indicating that with further 
refinement and validation, AI has the potential to 

complement or even surpass manual approaches in 
select scenarios. Nonetheless, until such models are 

widely validated and standardized, manual methods 
remain the gold standard in dental age estimation. The 

present findings underscore the importance of 
maintaining expertdriven techniques while continuing 

to explore AI advancements that could improve 
objectivity, efficiency, and scalability in forensic 

dental practice.  
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