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Introduction: Dental age estimation using third molars is a reliable method for estimating the age of individuals. Recently, magnetic 
resonance imaging (MRI) of the head and neck has been found to be applicable for age estimation of third molar teeth. In the present 
study, we aimed to apply the Modified Demirjian method of age estimation to magnetic resonance (MR) image sections for dental age 
estimation by determining the mineralization patterns of the maxillary third molars.
Methods: MRI scans of the patients were performed using SIGNA™ 3.0Tesla MRI GE Healthcare (Chicago, USA) with a moving, 
multifunctional coil. Two expert radiologists with more than three years of experience independently analyzed the image sections 
using the open-source Digital Imaging and Communications in Medicine (DICOM) viewer software. The age and sex of the patients 
whose images were included in the study were recorded using a specially designed proforma. The stage of development of the 
maxillary third molars was determined using the modified Demirjian method. Inter observer agreement was calculated using the intra 
class correlation coefficient. Simple linear regression analysis was used to predict the actual age at the third molar development stage.
Results: There was excellent agreement between observers (ICC =0.99 (95% CI = 0.98–0.99)). There was also a significant 
association between the maxillary third molar tooth development stage and chronological age of the individual (P=0.001; B=1.54; 
95% CI = 0.71–2.37).
Discussion: The findings from the present study establish that the Modified Demirjian method can also be reliably applied for dental 
age assessment in MR sections.
Keywords: third molars, forensic science, age estimation by teeth, odontogenesis

Introduction
Dental age estimation is vital for identifying individuals. Tooth selection is an important aspect of age estimation because 
of its unique features of resilience, calcification, and age-associated progressive changes. Age estimation is of paramount 
importance in routine forensic and judicial practices. The increasing number of unidentified cadavers and human remains 
necessitate accurate and reliable methods for human identification. Various clinical and radiographic methods are 
employed in the process of age and sex estimation based on dental tissue and tooth structure, such as morphological, 
radiographic, histological, and biochemical methods.1–4 Morphological and radiographic methods (Schour and Massler’s 
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method, Demirjian’s method, and Kvaal’s method) are useful for living adolescents and adults, whereas histological and 
biochemical methods (Gustafson’s and Johanson’s method, Bang and Ramm’s method, aspartic acid racemization, and 
the cemental annulation technique) are useful for dead victims.5,6 Among these, radiographic techniques are reliable and 
accurate tools. Tooth development patterns have made a breakthrough in forensic science owing to systematic pro
grammed development, calcification, and maturation processes. This unique phenomenon can be readily visualized on 
radiographs, rendering forensic odontology more reliable and reproducible. Radiographs of various tooth-like incisors, 
canines, first molars, and second molars were evaluated to assess the age of an individual. Third molars have been used 
most extensively and accurately.7–9 The process of root formation and completion was used for dental age estimation 
using the Modified Demirjian method.10

Individual identification using medical and dental health records has evolved as a significant source of information, 
owing to the digital availability of imaging records. Archiving of images may be employed for applications in forensic 
studies, particularly in the absence of incomplete clinical and on-site records. Panoramic radiography is the most 
commonly recommended screening radiograph and a reliable tool for dental age estimation.11 However, the accuracy 
of the evaluation and calculation of age estimation may vary owing to the magnification of panoramic radiographs. 
Though dental radiographs are a valuable tool for age estimation they have the disadvantage of being an ionizing imaging 
modality.

Imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MR) provide accurate details 
without deterioration of important information. Hence, the data from these images may serve as valuable aids for accurate age 
estimation.12 Recently, magnetic resonance imaging (MRI) of the head and neck has been found to be applicable for age 
estimation of third molar teeth which is a non-ionizing imaging modality. This non-ionizing imaging technique reduces the 
risk of stochastic mutations and its effects. Teeth or sections of teeth that are seen in proximity to the cranial structures on MR 
images taken for craniofacial trauma or intracranial pathologies can be easily analyzed for age estimation.13,14

Studies that have evaluated the reliability of MRI for dental age estimation have used the mineralization patterns of 
the teeth.15 The use of MRI for dental age estimation was reported by Baumann et al15 and Guo Y et al16 using the 
Demirjian and Olze method. Given this background, we aimed to evaluate the applicability of mineralization patterns 
obtained by MRI of the maxillary third molars to predict age by applying the modified Demirjian method. The 
assessment of maxillary third molars for sex and age estimation necessitates an understanding of their proximity to 
the maxillary sinus and the developmental morphological variations present in the roots of these teeth.

With advancements in forensic odontology, third molar teeth have emerged as one of the most reliable sources for 
dental age estimation.4,17 Dental age and sex estimation and prediction has been sparsely performed using maxillary third 
molar teeth using magnetic resonance image sections. Since the MRI imaging is frequently employed for visualization of 
the brain and associated structures, the images obtained can be extrapolated for age and sex prediction due to the 
enhanced visibility of the maxillary molars in those sections. Hence, we aimed to apply the Modified Demirjian method 
of age estimation to MR image sections for dental age estimation by determining the mineralization patterns of the third 
molars.

Materials and Methods
This retrospective pilot study was conducted in the Department of Oral Medicine and Radiology, in coordination with the 
Department of Radiodiagnosis, between January 2014 and October 2019. Kasturba Medical College and Kasturba 
Hospital Institutional Ethics Committee approved the conduct of this study (IEC 952/2019). This study complies with 
the Declaration of Helsinki. 1100 brain MRI images were retrieved from the archives of the Radiodiagnosis Wing 
attached to the Department of Trauma and Emergency where the images are saved with complete demographic data of 
the patients. 110 MRI scans of the patient’s head and neck region, which clearly depicted the third molars, were screened 
by both the radiologists and selected for the study. Approximately 60 MRIs of patients aged 13–65 years were considered 
for the third molar analysis after excluding images with artifacts that obscured imaging of the third molars, maxillary 
third molars with developments anomalies were excluded. 37 MRI images that clearly showed the maxillary molars at 
various stages of development were included as the final sample for the study. All scans were performed using 
a SIGNA™ 3.0Tesla MRI scanner (GE Healthcare, Chicago, IL, USA) attached to 12 channel head coil incorporated 
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with a high resolution T1- weighted turbo-spin-echo 3D scan. The subjects were scanned in the supine position without 
anesthesia and instructed to breathe from the nose, close their mouth, and restrict their movement. Field view was kept 
large with isotropic resolution maintained at 0.80 cycles in 4 minutes. The MRI data were transferred to a Digital 
Imaging and Communications in Medicine (DICOM) viewer to visualize the velum, and the 3D data were sliced along 
the midsagittal plane. Image sections were obtained at an interval of 3 mm. Written informed consent was obtained from 
the patients and patients’ guardians (in cases where their age was less than 18 years). Consent states that the images may 
be utilized for future research purposes. To ensure patient anonymity, images were completely decoded by a person who 
was not part of the study. The nationality, age and sex of the patients whose images were included in the study were 
recorded using a specially designed proforma. Image sections (axial, coronal, and sagittal) revealing the molar teeth were 
used for the study. The sagittal sections of all images best depicted the various calcification stages from crown formation 
to root completion.15,18 Hence, it was decided that the sagittal sections of all the images shall be analyzed for the staging 
of tooth development.

The images were anonymized. Two Radiologists with more than three years of experience independently evaluated 
the left and right sagittal sections to assess the developmental stage of maxillary third molars using the modified 
Demirjian method.10 Calcification of the third molar tooth (stages 0–9) was observed in the MR image. A schematic 
representation of the stage of development of third molar teeth is shown in Figure 1.

Statistical Analysis
All the analysis was done using SPSS version 20 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 
20.0. Armonk, NY: IBM Corp). Statistical significance was set at p <0.05. Interobserver agreement was calculated using 
the intraclass correlation coefficient. Simple linear regression analysis was used to predict the actual age at the third 
molar development stage.

Results
A total of 110 head and neck magnetic resonance imaging (MRIs) scans were retrieved from the Department of Radiology 
Diagnosis Archives. Of these, 37 MRIs scans revealed the presence of a maxillary third molar in sagittal sections. There was 
excellent agreement between observers (ICC =0.99 (95% CI = 0.98–0.99)). The mean age of the participants was 18.03 (±4.5). 
The distribution of the stages of third molar development among the participants is shown in Table 1. The graph showing 
correlation between the stage of development of third molar teeth and the chronological age (in years) is depicted in Figure 2.

Two simple linear regression models were formulated from the study population.

Figure 1 Diagrammatic representation of the various stages of development of third molar tooth. The black and yellow arrows indicate the stages of tooth development.
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● Model 1 showed a significant association between the maxillary third molar tooth development stage and age of the 
individual (P=0.001; B=1.54; 95% CI = 0.71–2.37). The model explains only 28.6% (0.286) of the variance. (Table 2)

● In Model 2, the age and sex of the individuals were included. There was a significant association between the 
maxillary third molar tooth development stage and the age of the individual (P=0.001; B=1.45; 95% CI = 
0.64–2.28) while no significant association was observed with the sex of the individual. The variance explained 
by the model was 34.2% (0.342) (Table 3)

Table 1 Table Showing the Distribution 
of Stages of Development of the 
Maxillary Third Molars of the Study 
Subjects

Stage of  
development  

of 3rd molar

N %

3 1 2.7

4 2 5.4

5 4 10.8

6 13 35.1

7 6 16.2

8 5 13.5

9 6 16.2

Figure 2 Graph showing correlation between the stage of development of third molar teeth and the chronological age.
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The equation that can be used to estimate age using maxillary third molar stage is as follows:
Age = 7.84 + (Stage X 4.71).

Discussion
Radiological methods for age estimation are widely employed in forensic odontology. Various stages of mineralization 
and calcification of the tooth and surrounding structures are considered to predict the dental age of an individual. There 
seems to be a variation in the third molar development in the male and the female gender and between the maxillary and 
the mandibular arches.18 Numerous studies have tested the predictability of the different age estimation methods with 
varying outcomes.2,10,19,20 In the present study, we adopted a higher imaging modality (MRI) that can help visualize the 
maxillary third molar tooth development stage. MRI is a preferred imaging modality owing to its non-ionizing nature, 
image enhancing tools which help to attain high precision data. Furthermore, the International Olympic committee also 
recommends using MRI of the third molars for age estimation in fraudulent cases.14

The tooth bud undergoes sequential calcification and mineralization processes at specific times in an individual. The 
tooth bud and adjacent structures undergo a gradation of changes until they are ready for eruption. This involves 
a dynamic interaction between the enamel organ and the adjacent ecto-mesenchymal tissue, which leads to the formation 
of a mature tooth bud. To visualize these changes, radiographs are important tools that are highly reliable and predictive 
of calcified structures. This cannot adequately reflect the actual changes in the developing tooth buds. Higher imaging 
modalities, such as MRI, have been tested for accurate assessment of tooth development. Moreover, the usefulness of 
MRI in fetal tooth bud visualization has been demonstrated in a study by Kunzendorf et al.21 Radiographs are ionizing 
imaging modality with increased availability. Though MR imaging is non-ionizing in nature, the cost and the accessi
bility is limited. Hence, very few studies have assessed the reliability and efficacy of MR in predicting dental age. Dental 
age prediction using third molars is well established in literature.4,10,19,22 Hence, in this study, we aimed to integrate the 
modified Demirjian method for maxillary third molars with MR for age estimation.

Recently, a study conducted by Bjork et al established a model for combining tissue volume measurements in MR 
images of the first, second and third molars for age prediction and concluded that third molars are the most reliable for 
dental age estimation.14

Table 3 Model 2 Depicting the Association of Maxillary Third Molar Tooth 
Development Stage with the Sex of the Individual

B Std. Error T P-value 95% CI

(Constant) 5.404 3.073 1.759 0.088 −0.84–11.65

Stage of development 1.456 0.403 3.614 0.001 0.64–2.28

Sex 2.163 1.272 1.700 0.098 −0.42–4.75

Notes: R2 (Variance)= 34.2% (0.342). Chronological age = 5.4+ (1.456 × stage of development) + 
(2.163 × sex).

Table 2 Model 1 depicting the Association of Maxillary Third Molar Tooth 
Development Stage with the Age of the Individual

B Std. Error T P-value 95% CI

(Constant) 7.841 2.791 2.809 0.008 2.18–13.51

Stage of development 1.538 0.411 3.746 0.001 0.71–2.37

Notes: R2 (Variance)= 28.6% (0.286). Chronological age = 7.841+ (1.538 x stage of 
development).
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Mincer et al used various combinations of radiographs to predict age with the help of the third molar development. 
Their models could explain a variance ranging from 37 to 46% and a composite model that explained 50% of the 
variance.17 Our study used only the maxillary third molars, which could explain only 29% of the variance.

Haglund et al systematically reviewed X-ray-based studies on fully formed third molars as indicators of adulthood. They 
concluded the need for additional methods to assess age.23 Similar findings were reported in the studies conducted by Lucas 
et al, who tested the reliability and accuracy of classification of individuals based on panoramic radiographic findings.24

There is a growing demand for the utilization of non-ionizing radiation imaging modalities such as MRI.25 Few 
studies have been done on the age estimation using third molars and MRI.15,25 Guo et al16 performed a study of 613 
young adolescents to test MR images of the lower third molars teeth can be used to predict the age of individuals. It was 
concluded that MR images can be an effective alternative to panoramic radiography for assessing mineralization of third 
molar teeth. Baumann et al established the utility of MRI for dental age assessment by using the Demirjian and Olze 
methods. They concluded that the classification system was as reliable as applicable to panoramic radiographs.15 De 
Tobel et al designed a technique for assessing MR image sections and found that MR images exhibited reproducibility 
comparable to that of radiographs for age estimation.25 Widek et al estimated the age with the help of third molar tooth 
developmental stages using MRI in an Austrian male population.26 The authors concluded that dental MRI is a suitable 
alternative to orthopantomography. The findings of our study establish that the Modified Demirjian method can be 
reliably applied for the assessment of MR images of maxillary third molar tooth development stages, which can then be 
used for dental age assessment.

This is the first ever study that has assessed the applicability of the Modified Demirjian method to MR image sections 
for dental age assessment taking maxillary third molar tooth into consideration. The findings from the present study 
establish that the Modified Demirjian method can also be applied for dental age assessment in MR sections.

The limitations of the present study include its retrospective nature in a hospital-based population and the limited 
validation of the Modified Demirjian method for MR image sections. Further, the limitations of MRI in dental age 
estimation are due to factors such as the accessibility and cost involved. Specialized Dental MRI with specific surface 
coils for dental imaging is valuable to achieve high image resolution but with limited availability and high cost.13 We 
suggest that further studies on larger populations focusing on different age groups can pave the way for a more accurate 
dental age estimation using third molar teeth in MRI.

Conclusion
The present study evaluated the efficacy of MR sections for dental age estimation using maxillary third molar teeth. This 
non-ionizing imaging modality may serve as a valuable tool in the field of forensic odontology and further the prediction 
of age and sex using third molar teeth can be employed as a reliable tool in future. A significant association was observed 
between the stage of development of the third molar and the age of the individual. A formula for estimating age based on 
the stage of development of the third molar was derived in this study.
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