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        Abstract



        
          

          Objective


          The current investigation was conducted to examine the alterations in oral conditions and panoramic image parameters that occur with age.

        


        
          

          Methods


          The study sample consisted of 300 male participants and 300 female participants, ranging in age from 10 to 69 years. The age-related changes in intraoral circumstances and morphometric parameters, as observed in panoramic photographs, were explored. A two-way parametric analysis of variance was used to examine the effects of age group and sex. The frequencies and percentages were calculated and compared among groups using the chi-squared test for category variables. A p-value below 0.05 was considered to be statistically significant.

        


        
          

          Results


          The prevalence of intraoral conditions showed a positive correlation with advancing age. Males exhibited significantly higher crown, root, and tooth lengths in both the upper and lower canines. There was a significant difference between males and females in terms of the pulp area, the pulp-tooth ratio of the upper first molars, and the pulp area of the lower first molars (p < 0.05). The study found a substantial correlation between the radiomorphometric parameters and age, with similar trends observed in both males and females.

        


        
          

          Conclusion


          The findings of our research have the potential to contribute to the evaluation of an individual's age category and offer insights into the patterns of several observable factors on panoramic radiographs.
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      1. INTRODUCTION


      Radiography is an essential, non-invasive approach in forensic dentistry. It is utilized to find evidence that is not manifested during physical examinations [1, 2]. In recent years, the scientific literature has presented various skeletal and dental methodologies aimed at clarifying age. The majority of them incorporate several skeletal age markers. In recent years, there has been a growing interest in dental procedures that can be utilized for the purpose of age estimation. These procedures include adjustments in various anatomical features, such as the pubic symphysis [3], sternal rib ends [4], the auricular surface of the ilium [5], as well as radiographic examinations of the proximal femur and clavicle [6, 7].


      Nevertheless, it is common for these skeletal elements to be vulnerable to physiological and metabolic phenomena, often resulting in their non-retrieval or significant degradation that hinders their usefulness in an osteological analysis. Therefore, it is imperative to assess the validity of more accurate techniques that are less susceptible to the influence of extraneous factors. These factors include the quantity of age-related data present in particular skeletal characteristics, the tactics employed for sampling, and the statistical approaches utilized to construct age estimation methodologies [8-11]. The teeth are considered to be the most resilient anatomical feature within the human body. They exhibit resistance to a wide range of environmental factors, including mechanical, chemical, and thermal impacts. Consequently, they can be employed in diverse research settings and circumstances, particularly when alternative bodily organs are impaired or inaccessible [12]. Age-related changes to the teeth encompass several alterations, such as attrition, periodontal disease, deposition of secondary dentin, translucency of the root, apposition of cementum, resorption of the root, changes in color, and increasing roughness of the root surface. Macroscopic dental changes are commonly seen as a natural aspect of the aging process. Tooth surface loss, tooth loss, and periodontitis are all age-related irreversible processes [1]. Several studies have been undertaken to investigate the identification of an individual's age by examining the secondary changes associated with the aging process. The formation of secondary dentin occurs within the pulp cavity, serving as both an indicator of aging and a reaction to pathological conditions such as dental caries. The process of secondary dentin formation occurs in the pulp chamber, leading to a decrease in its overall volume and dimensions. This phenomenon can be utilized as a means to estimate the age of an individual [13, 14]. Accurate localization of various anatomical features holds significant importance in the field of clinical dentistry, especially in the field of age estimation. A variety of mandibular characteristics, including the mandibular canal and mental foramen, experience alterations over an individual's lifespan that are influenced by factors, such as age, gender, and dental-related factors [15]. The determination of an individual's age group holds significant importance in the context of medical and forensic investigations. The current investigation was conducted with the aim of examining the alterations in oral conditions and panoramic image parameters that occur with advancing age, including canine morphology, mandibular canal (MC), mental foramen (MF) position, and pulp-tooth relationships of the first molars. As far as current information is concerned, the current study has not been examined within the context of Thais. The results of our study have the potential to contribute to the estimation of an individual's age category and offer insights into the patterns of several observable variables on panoramic radiographs.

    


    
      

      2. MATERIALS AND METHODS


      The study protocol complied with the Helsinki Declaration and was approved by the university’s ethics committee (IRB no. P1 - 0026/2565). Informed consent was acquired from all participants in the study.


      
        

        2.1. The Study Population


        Using power analysis with a significance level of .05 (alpha error probability), a corresponding confidence level of 95%, and a power of 0.95 (1-beta error probability), we determined the sample size using G*Power. During the study period, we randomly chose 7% of the eligible subjects. The sample comprised 600 individuals, with an equal distribution of 300 males and 300 females, ranging in age from 10 to 69 years. SAGER Guideline was followed in this study. The sample used in this study consisted of Thai individuals. We conducted a comparative analysis of the findings from our study with those from other racial groups. These individuals sought dental treatment at our University Dental Hospital between January 2017 and December 2021. Panoramic digital radiographs were taken to serve several diagnostic purposes. The determination of the chronological age of each participant was achieved by subtracting the date of birth from the date of radiography. Given that a deviation of ± 10 years from the estimated age is deemed permissible in forensic age estimation [16, 17], the participants were categorized into six distinct groups, each comprising 100 individuals: the second decade (ages 10-19), the third decade (ages 20-29), the fourth decade (ages 30-39), the fifth decade (ages 40-49), the sixth decade (ages 50-59), and the seventh decade (ages 60-69). The impact of aging on intraoral conditions and morphometric parameters, specifically focusing on panoramic photographs, were investigated. The study incorporated many participants, wherein panoramic photographs allowed for the visualization of all morphometric characteristics. Specifically, the teeth chosen for analysis were the canines and first molars, which exhibited complete root formation and full eruption. The exclusion criteria encompassed individuals with mixed dentition, systemic conditions that may impact tooth development, eruption, or bone growth, developmental, endocrine, or nutritional disorders, a past medical history of maxillofacial surgery or surgical procedures involving the maxilla or mandible, or temporomandibular disorders.

      


      
        

        2.2. Radiographic Evaluation


        The study assessed the prevalence of missing teeth, endodontically treated teeth, fixed prostheses, and implant prostheses. The typical number of permanent teeth observed in each participant was 28. All panoramic digital radiographs were assessed by two oral and maxillofacial radiologists who possess over a decade of experience in the assessment of radiographic images. A sample of one hundred panoramic digital radiographs was randomly chosen to assess the level of agreement between examiners, both within and between them, after a one month interval after the initial evaluation. The intraclass correlation (ICC) coefficient was used for this purpose.

      


      
        

        2.3. Radiomorphometric Parameters


        A panoramic radiograph was utilized to assess six linear and two area measurements. The linear and area measurements were obtained using picture archiving communication system (PACS) software.

      


      
        

        2.4. Morphology of the Upper and Lower Canines


        The canine crown length (distance from incisal edge to alveolar bone crest) and root length (distance from alveolar bone crest to root apex) were measured. These two measurements were added to be the tooth length of the canine.

      


      
        

        2.5. Position of MC


        The two points that constitute the most direct path from the crest of the alveolar bone to the lower border of the mandible were identified as being situated precisely at the middle position of the mandibular first molar. A line was drawn to establish a connection between these two points. Then, a tangential line was delineated at the point of intersection between the aforementioned line and the superior border of the MC. The distance from the superior border of MC to the alveolar bone crest was measured as the mandibular bone thickness (MBT) above MC.

      


      
        

        2.6. Position of MF


        A tangential line was established, running parallel to the inferior border of the mandible. Subsequently, a perpendicular line was made, intersecting the center of the MF. In order to determine the MBT both below and above the MF, measurements were taken of the distance from the center of the MF to the inferior border of the mandible, as well as the alveolar bone crest on a perpendicular line. In order to assess the vertical displacement of the MF in relation to the MBT, the proportion of the MBT situated below the MF was determined by dividing the vertical extent of the MBT below the MF by the total vertical extent of the MBT.

      


      
        

        2.7. Relationship of Pulp-tooth in First Molars


        The pulp and tooth areas of the maxillary and mandibular first molars were measured using the PACS software. The calculation of the pulp-to-tooth ratio involved determining the ratio between the regions of the pulp and the tooth. A two-way factorial analysis of variance was used to analyze the effects of age group and sex. The frequencies and percentages were computed and compared between groups with the chi-squared test for categorical variables. SPSS statistical software (version 22.0; IBM, Armonk, NY) was used for all statistical analysis. A p-value of less than 0.05 was considered statistically significant (Fig. 1).

      

    


    
      

      3. RESULTS


      The prevalence of intraoral conditions exhibited a positive correlation with advancing age (Table 1). However, there was no significant difference in the prevalence of these conditions based on sex. Fixed prostheses were not found in the 10s; in addition, implant prostheses were not observed in the 10s and 20s.


      [image: ]
Fig. (1)


      Measurements of 18 radiomorphometric parameters. Morphology of the upper canine: (1) crown length of the upper right canine, (2) root length of the upper right canine, (3) crown length of the lower right canine, (4) root length of the lower right canine. Position of the mandibular canal: (5) mandibular bone thickness above the right mandibular canal, (6) mandibular bone thickness above the left mandibular canal. Position of the mental foramen; (7) mandibular bone thickness below right mental foramen, (8) mandibular bone thickness above right mental foramen, (9) mandibular bone thickness below left mental foramen, (10) mandibular bone thickness above left mental foramen. Pulp and tooth relationship of the upper and lower first molars; (11) tooth area of upper right first molar, (12) pulp area of upper right first molar, (13) tooth area of upper left first molar, (14) pulp area of upper left first molar, (15) tooth area of lower left first molar, (16) pulp area of lower left first molar, (17) tooth area of lower right first molar, (18) pulp area of lower right first molar (modified from Lee YH et al., 2021) [1].


      
        Table 1 Age and intraoral condition of the subjects according to age group.


        
          
            
              	-

              	Age Groups (n = 100 for each; male=female=50)

              	Significance*
            


            
              	Variable

              	10-19

              	20-29

              	30-39

              	40-49

              	50-59

              	60-69

              	Sex

              	Age groups
            

          

          
            
              	Mean age

              (Years)

              	17.14±2.54

              	22.15±2.32

              	33.87±2.97

              	44.51±2.83

              	54.95±3.08

              	64.25±2.77

              	< 0.001*

              	< 0.001*
            


            
              	Missing teeth

              	0.05±0.22

              	0.73±1.05

              	1.65±2.09

              	2.44±3.09

              	6.98±6.71

              	9.31±7.46

              	0.699

              	< 0.001*
            


            
              	Endodontically

              treated teeth

              	0.04±0.19

              	0.07±0.29

              	0.23±0.55

              	0.44±0.89

              	0.58±1.13

              	1.21±2.11

              	0.910

              	< 0.001*
            


            
              	Fixed prostheses

              	0.00±0.00

              	0.03±0.12

              	0.13±0.41

              	0.59±1.39

              	0.88±2.04

              	2.53±5.38

              	0.275

              	< 0.001*
            


            
              	Implant prostheses

              	0.00±0.00

              	0.00±0.00

              	0.05±0.24

              	0.04±0.20

              	0.12±0.59

              	1.08±4.18

              	0.406

              	0.001*
            

          
        


        
          Note: * Two-way analysis of variance was used to determine significant differences between the group.
        


      


      
        Table 2 Radiomorphometric parameters with respect to sex and side.


        
          
            
              	-

              	Male

              	Female

              	Significance
            


            
              	Parameters

              	Left

              	Right

              	Left

              	Right

              	Sex

              	Side
            

          

          
            
              	Upper canine

              	(n= 264)

              	(n= 267)

              	(n= 273)

              	(n= 265)

              	-

              	-
            


            
              	Crown length (mm)

              	8.32±3.56

              	9.03±3.45

              	8.45±2.89

              	8.31±3.24

              	0.004*

              	0.887
            


            
              	Root length (mm)

              	14.04±5.40

              	13.26±4.23

              	12.95±4.51

              	12.38±4.92

              	0.035*

              	0.302
            


            
              	Tooth length (mm)

              	22.12±8.52

              	22.29±8.21

              	21.40±7.06

              	20.69±7.80

              	0.011*

              	0.553
            


            
              	Crown-root ratio (%)

              	61.35±36.61

              	62.28±28.77

              	60.98±24.92

              	61.70±32.25

              	0.705

              	0.568
            


            
              	Lower canine

              	(n= 278)

              	(n= 283)

              	(n= 288)

              	(n= 288)

              	-

              	-
            


            
              	Crown length (mm)

              	7.85±2.72

              	7.96±2.60

              	7.71±2.07

              	7.68±2.14

              	0.131

              	0.778
            


            
              	Root length (mm)

              	12.46±4.16

              	12.60±3.76

              	11.89±3.06

              	11.88±3.08

              	0.002*

              	0.753
            


            
              	Tooth length (mm)

              	20.31±6.28

              	20.56±5.69

              	19.60±4.48

              	19.55±4.50

              	0.005*

              	0.735
            


            
              	Crown-root ratio (%)

              	61.25±33.37

              	61.71±25.69

              	64.64±25.39

              	64.57±25.70

              	0.249

              	0.484
            


            
              	Upper first molars

              	(n= 226)

              	(n= 231)

              	(n= 230)

              	(n= 227)

              	-

              	-
            


            
              	Tooth area (cm2)

              	1.03±0.61

              	1.00±0.82

              	1.01±0.58

              	0.91±0.54

              	0.123

              	0.097
            


            
              	Pulp area (cm2)

              	0.05±0.04

              	0.05±0.04

              	0.04±0.03

              	0.04±0.03

              	< 0.001*

              	0.750
            


            
              	Pulp-tooth ratio (%)

              	3.62±3.08

              	3.96±3.24

              	2.99±3.04

              	3.47±5.14

              	0.009*

              	0.057
            


            
              	Lower first molars

              	(n= 189)

              	(n= 195)

              	(n= 198)

              	(n= 196)

              	-

              	-
            


            
              	Tooth area (cm2)

              	0.95±0.75

              	0.91±0.69

              	0.98±0.72

              	0.89±0.67

              	0.974

              	0.144
            


            
              	Pulp area (cm2)

              	0.09±0.10

              	0.09±0.10

              	0.08±0.07

              	0.08±0.07

              	0.015*

              	0.928
            


            
              	Pulp-tooth ratio (%)

              	6.21±9.93

              	6.12±6.47

              	5.14±4.50

              	6.04±9.41

              	0.204

              	0.372
            


            
              	Position of mental foramen

              	(n= 296)

              	(n= 296)

              	(n= 288)

              	(n= 290)

              	-

              	-
            


            
              	MBT above MF (mm)

              	16.58±3.40

              	16.63±3.31

              	14.43±3.80

              	14.58±3.40

              	< 0.001*

              	< 0.001*
            


            
              	MBT below MF (mm)

              	13.61±2.56

              	13.56±2.46

              	12.50±2.97

              	12.62±2.74

              	< 0.001*

              	0.818
            


            
              	Percent of MBT below MF (%)

              	44.64±8.02

              	44.49±7.76

              	44.76±10.58

              	45.27±10.28

              	< 0.001*

              	< 0.001*
            


            
              	Position of mandibular canal

              	(n= 200)

              	(n= 201)

              	(n= 198)

              	(n= 199)

              	-

              	-
            


            
              	MBT above MC at lower

              first molar (mm)

              	12.19±8.85

              	12.00±8.71

              	11.00±8.09

              	10.64±7.80

              	0.008*

              	0.575
            

          
        


        
          Abbreviations: MBT: mandibular bone thickness; MC: mandibular canal; MF: mental foramen, * Two-way analysis of variance.
        


      


      
        

        3.1. Sex and Side Differences in Radiomorphometric Parameters


        Table 2 shows radiomorphometric parameters concerning sex and side, including morphology of the upper and lower canines, position of MC and MF, and pulp-tooth relationship of the upper and lower first molars.

      


      
        

        3.2. Morphology of Canines


        Males had considerably longer lengths of the upper canine crown, root, and tooth. Nevertheless, there was no significant difference in the crown-to-tooth ratio between males and females. There was no significant difference observed between the sexes in terms of lower canine crown length and crown-to-tooth ratio. However, the root and tooth lengths were significantly greater in females than in males. The significant difference in canine root and tooth lengths and the position of MBT below MF between females and males can be attributed to the combined effects of hormones and diet, which contribute to the craniofacial morphological differences between the sexes. For each sex, the crown-to-root ratio of the upper canine was higher than that of the lower canine in males. In contrast, the ratio of lower canines was higher than that of upper canines in females. However, there were no statistically significant differences between the ratios of the left and right sides.


        
          Table 3 Correlation between age and radiomorphometric parameters.


          
            
              
                	-

                	Correlation with Age
              


              
                	Variable

                	Male

                	Female
              

            

            
              
                	Upper canine
              


              
                	Crown length (mm)

                	-0.153**

                	-0.191**
              


              
                	Root length (mm)

                	-0.390**

                	-0.372**
              


              
                	Tooth length (mm)

                	-0.310**

                	-0.315**
              


              
                	Crown-root ratio (%)

                	0.027

                	-0.036
              


              
                	Lower canine
              


              
                	Crown length (mm)

                	-0.079

                	-0.126*
              


              
                	Root length (mm)

                	-0.279**

                	-0.322*
              


              
                	Tooth length (mm)

                	-0.220**

                	-0.268**
              


              
                	Crown-root ratio (%)

                	0.076

                	0.064
              


              
                	Upper first molars
              


              
                	Tooth area (cm2)

                	-0.375**

                	-0.498**
              


              
                	Pulp area (cm2)

                	-0.781**

                	-0.699**
              


              
                	Pulp-tooth ratio (%)

                	-0.786**

                	-0.711**
              


              
                	Lower first molars
              


              
                	Tooth area (cm2)

                	-0.700**

                	-0.685**
              


              
                	Pulp area (cm2)

                	-0.714**

                	-0.657**
              


              
                	Pulp-tooth ratio (%)

                	-0.714**

                	-0.455**
              


              
                	Position of mental foramen
              


              
                	MBT above MF (mm)

                	0.078

                	0.195**
              


              
                	MBT below MF (mm)

                	0.085

                	0.182**
              


              
                	Percent of MBT below MF (%)

                	0.142*

                	-0.023
              


              
                	Position of mandibular canal
              


              
                	MBT above MC at lower first molar (mm)

                	-0.560**

                	-0.598**
              

            
          


          
            Abbreviations: MBT: mandibular bone thickness; MC: mandibular canal; MF: mental foramen.

            Note: * Pearson correlation is significant at 0.05, ** Pearson correlation is significant at 0.01.
          


        

      


      
        

        3.3. Pulp-tooth Relationship of the First Molars


        The pulp area, the pulp-to-tooth ratio of the upper first molars, and the pulp area of the lower first molars were significantly greater in males. In contrast, the other parameters, including tooth area of the upper and lower first molars and pulp-tooth ratio of the lower first molars, did not differ by sex.

      


      
        

        3.4. Position of Mental Foramen and Mandibular Canal


        The MBT above and below the MF were greater in males than females. The MBT above MF and percentage of MBT below MF were more significant on the right side. One possible explanation for the substantial positioning of the MBT below the MF on the right side could be the change in the patient’s position before the panoramic radiography examination. However, the MBT below MF was not significantly different between the left and right sides. The percentage of MBT below MF was significantly greater in females.

      


      
        

        3.5. Pulp-tooth Relationship of the First Molars


        The tooth and pulp area and the pulp-tooth ratio of the upper and lower first molars did not differ by side. However, the pulp area of the upper and lower molars and the pulp-to-tooth ratio of the upper molars were greater in males than females.

      


      
        

        3.6. Correlation between Age and Radiomorphometric Parameters


        The results of the Pearson correlation analysis revealed a significant relationship between the radiomorphometric parameters and age, with the same trends observed in both males and females (Table 3). There was a negative correlation observed between age and the crown length, root length, and tooth length of both the upper and lower canines in individuals of both sexes. A negative correlation was seen between age and the measurements of tooth area, pulp area, and pulp-to-tooth ratio in the upper and lower first molars, regardless of gender. There were positive correlations between age and the MBT above and below MF in females and the percentage of the MBT above MF in males. Negative correlations were found between age and the MBT above MC at the lower first molar in both sexes.

      

    


    
      

      4. DISCUSSION


      The process of age determination holds significant importance in the fields of forensic dentistry and anthropological science, as it facilitates the identification of unidentified individuals with greater ease. Despite the existence of several age estimation methodologies, there is currently no universally applicable method for estimating age across all age groups [18, 19]. The assessment of dental morphological characteristics on radiographic images is often considered to be a more precise method compared to many other ways of establishing an individual's age. In the current investigation, the authors observed a positive correlation between age and the prevalence of missing and treated teeth, including endodontics, fixed prostheses, and implant prostheses. Our finding was in accordance with the study by Lee et al. [1], who analyzed age-related anatomical changes using panoramic radiographs of South Korean subjects. Numerous clinical situations have been observed that have an influence on or exhibit a correlation with post-eruptive changes in dentin, resulting in increased mineralization [20]. Regarding the post-eruptive changes in dentin, the secondary dentin could be identified from tertiary dentin. Secondary dentin is a slower and more intermittent deposition of dentin, which continues throughout life. It results in a reduction of the pulp chamber size. Tertiary dentin is a reparative dentin that is produced in response to adverse external stimuli, e.g., advancing caries or tooth breakage. This dentin is characterized by poorly mineralized dead tracts since odontoblasts in the affected region die, and the tubules remain empty [21]. The utilization of implant prostheses can serve as a viable and reliable treatment alternative to conventional restorations, especially in the senior population, where the prevalence of missing teeth has increased [22]. Radiographic assessment of crown-to-root ratios in normal dentition can serve as a valuable point of reference for a range of dental examinations, including prosthetic treatment, orthodontic treatment, and surgical procedures [23]. However, the processes of tooth abrasion, root resorption, malposition, or inclination are known to advance with age, and hence, they may be considered in the method for age estimation.


      There were no statistically significant variations observed in the crown-to-root ratios between the upper and lower canines among individuals of both sexes. Ilayaraja et al. [18] conducted an analysis of the morphological characteristics of the maxillary canine and mandibular first molar in order to estimate age. This investigation utilized panoramic radiographs from a population residing in South India. There were no statistically significant differences observed between the average chronological age and the average estimated age. On the other hand, Yun et al. [23] reported a statistically significant difference in these ratios in mandibular canines. The possibility of the difference in results between ours and Yun et al.'s may be the difference in the age variation of subjects. It is well acknowledged that there is a notable disparity in the average lengths of both the crown and the root between males and females. Nevertheless, it should be noted that discrepancies in the crown-to-root ratios based on gender are only observed in a limited number of tooth types. These results indicate the presence of racial disparities, as well as a distinction between the anatomical and clinical crown-to-root ratio [23, 24]. The ratio between the pulp and tooth area decreases gradually as individuals age, indicating a decline in the size of the pulp cavity from the cervical pulp chamber to the root canal apex, which is associated with the aging process. The region of the root pulp located in the coronal third of canines is characterized by a high degree of stability, as it demonstrates minimal morphological variability and is less susceptible to post-developmental changes, such as dental caries. The evaluation of the ratio between the pulp and tooth area offers an indirect means of measuring the deposition of secondary dentin. Secondary dentin is not only surrounded by harder tissues like enamel and cementum but also by primary dentin [16]. Due to the typically close alignment of the root and crown along a vertical plane, the magnification factor does not significantly impact the crown-to-root ratio [25].


      Panoramic radiographs are frequently used for assessment purposes within the field of general dentistry. In the field of forensic research, these tools possess significant worth because of their cost-effectiveness, reproducibility, and ability to be acquired with minimal amounts of radiation exposure. However, panoramic radiographs exhibit lower accuracy compared to periapical radiographs in terms of length measurements, and they also include inherent limitations, including tooth overlap and reduced vision in the lateral portions of the maxilla [26, 27]. The reliability of the horizontal variables in panoramic radiographs was found to be questionable. However, the repeatability of the vertical and angle variables was deemed good, provided that the patient's head was properly positioned in a holder [23]. The observed phenomena are a consequence of the horizontal scanning movement of the panoramic unit, and its characteristics are influenced by various elements, including the distance between the focal plane and the rotational center, as well as the distances between the source-receptor and source-focal plane [25, 28].


      A number of researchers have conducted studies to determine the extent to which variations in pulp chamber size and pulp-to-tooth ratio can serve as indications of an individual's age. The application of this age estimation technique exhibits considerable potential in the canines and molars, as observed in panoramic radiography [29-33]. The authors recommended that future studies should examine the impact of race and culture on the parameters. Lee et al. [34] investigated the shape and length of the maxillary canine, the position of the MC, the position of the MF, the pulp-to-tooth relationship of the upper and lower first molars, the number of treated teeth and missing teeth, and the presence of periodontitis in Korean participants using digital panoramic radiographs. They examined which factors are the most related to age and whether there are sex differences. The population-specific formula was derived based on regression analysis to estimate age. The results of their study showed higher rates of all factors in males than in females. A negative correlation coefficient indicates that the magnitude of these parameters decreased with age. They also suggested that a new tool could be developed using a generalized linear model to predict age based on dental findings. In addition, studies involving new technologies, such as artificial intelligence, may be necessary to allow the automatic identification of large amounts of panoramic radiographs [34]. The results of our present study indicated that the MC and MF both migrate upwards towards the alveolar bone crest as age increases. The MC gradually approaches the alveolar border based on the degree of bone resorption. As the relative vertical movement of the MF occurs, it then lies closer to the inferior border of the mandible and moves upwards closer to the alveolar border in old age due to tooth loss and bone resorption [15, 35]. The location and size of the MF both vary with sex and race.34 Within the field of forensic science, the MF serves as a significant anatomical reference point for the purpose of human remains identification. Numerous forensic anthropological investigations have been undertaken to examine the characteristics pertaining to the shape, size, and location of the MF [36]. Nevertheless, anatomical variations that may occur with respect to the location of the MF and MC should always be taken into account [1]. To the best of our knowledge, this is the first study in Thais. Our findings may aid in the estimation of a person's age group and provide information on the trends of many variables readily detectable on panoramic radiographs.

    


    
      

      CONCLUSION


      It may be concluded that the intraoral conditions have been found to increase with age. There were sex differences in the size and length of anatomical factors. The radiomorphometric changes evaluated on panoramic radiographs were found to be practical and easy to use. Therefore, a panoramic radiograph is very useful in forensic dentistry and related fields. Additional research could be conducted on different age groups, including children and adolescents who have primary or mixed dentitions. Therefore, it is essential to include other pertinent criteria, including socioeconomic standing, nutritional status, and health status.
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