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            Abstract

            
               
Background: The aim of this study was to evaluate tooth coronal index, bicervical diameter in mesiodistal direction & modified kvaal’s
                  method of age estimation for age and gender determination.
               

               Materials and Methods: The digital panoramic radiographs of 200 subjects of aged 20-60 years were selected for the study. Tooth Coronal Index(TCI),
                  height of the crown i.e Coronal Height(CH) and the height of the coronal pulp cavity i.e Coronal pulp cavity height (CPCH)
                  of mandibular first molars was measured in millimeter(mm). Then TCI was calculated and calculated age was compared with chronological
                  age. For pulp/tooth ratio, the measurements of Pulp Chamber Height (PCH) and Crown Root Trunk Height (CRTH) were performed
                  on the mandibular first molar the pulp chamber crown root trunk height ratios (PCTHR) of selected tooth were calculated. Also
                  the bicervical diameter in mesiodistal direction was measured. The measurements were performed on these JEPG images by using
                  Digimizer 5.3 Software. The acquired data were subjected to Pearson correlation test, unpaired t test and Analysis of variance
                  (ANOVA) analysis.
               

               Results: Results suggested that statistically significant differences were observed between chronological and calculated age with TCI
                  for right mandibular molar, CPCH and Mesiodistal dimension where as CH shows negative correlation with chronological age.
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               Introduction

            Human teeth have proved to be the most reliable marker in forensic science. With the advancement of radiology in forensic
               science, radiographic images can be utilized for age estimation with the advantage of being non invasive.1 Tooth coronal pulp index (TCI) based on reduction in the size of dental pulp with advancing age as a result of secondary
               dentin deposition.2 TCI will be calculated by TCI = CPCH X 100 /CH where CPCH is coronal pulp cavity height and CH is coronal height.3  Kvaal et al. used deposition of secondary dentin by measuring pulp radiolucency and correlated it to age.1 Parameters measured were tooth length, pulp length and the root length from CEJ and calculated by specific regression formula.4 dimorphism in permanent tooth size, favouring males over females.5 The bicervical diameter in mesiodistal direction of posterior teeth is larger for males than females.6 The present study was done to assess the accuracy of age estimation from TCI, Modified kvaal’s method and bicervical diameter
               in mesiodistal direction by radiographic analysis.
            

         

         
               Materials and Methods

            A total of 277 digital panoramic radiographs were retrospectively screened, out of which 200 were selected for the study based
               on the inclusion and exclusion criteria.
            

            
                  Inclusion criteria

               Digital panoramic radiographs of dentate subjects aged between 20–60 years.

               Good quality images showing complete morphology of the tooth. 

            

            
                  Exclusion criteria

               Digital panoramic radiographs with distorted images, carious / grossly decayed or periapical pathology, prosthesis, severely
                  attrited or fractured teeth, rotated or malaligned teeth and teeth with any developmental anomalies were excluded from the
                  study.
               

            

            
                  Radiographic measurements

               The study was carried out in the Department of Oral Medicine & Radiology in Chhattisgarh Dental College & Research Institute,
                  Rajnandgaon. All 200 panoramic radiographs were subjected to radiographic measurements. They were exported as JPEG image format
                  by using SIDEXIS, Digital Image software (SIRONA). The measurements were performed on JEPG images by using Digimizer 5.3 Software.
               

            

            
                  Measurement of tooth coronal index (TCI)

               In the present study, for selected teeth (right mandibular molar) a straight line (cervical line) was drawn from the cemento
                  enamel junction, which is the division between anatomical crown and root. Coronal height (CH) was measured vertically straight
                  from the cervical line to the tip of the highest cusp according to Moss et al.7 Coronal pulp cavity height (CPCH) was measured vertically from the cervical line to the tip of the highest pulp horn according
                  to Ikeda et al.8 The measurements provided the TCI of each tooth, which was then calculated as follows. TCI = CPCH × 100/CH. (Figure  5)
               

            

            
                  Age assessment by pulp /tooth ratio of mandibular first molar by modified kvaal’s method

               The measurements were performed by method proposed by Mathew et al. For Right mandibular first Molar, Crown Root Trunk Height
                  (CRTH) was calculated which is the distance between the central fossa and the highest point on root furcation. Pulp chamber
                  Height (PCH) was calculated which is the distance between the roof and floor of the pulp of the pulp chamber in the same axis.
                  Resultant Pulp Chamber Crown Root Trunk Height Ratio (PCTHR) was calculated as: PCTHR= PCH/CRTH. (Figure  6)
               

            

            
                  Bicervical diameter in mesiodistal direction

               Bicervical diameter in mesiodistal direction was measured by a vertical line drawn from contact point in mesial and distal
                  aspect of lower right mandibular molar. Distance measured between these two vertical lines was the bicervical diameter in
                  mesiodistal direction (recorded in mm).(Figure  7)
               

            

         

         
               Results

            Digital panaromic radiographs of 200 subjects between age 20-60 years were retrospectively  analyzed of which 119 were males
               and 81 females [Table  1]. By using TCI there was statistically significant positive correlation between chronological age and TCI of mandibular first
               molar (r =0.977) and correlation coefficient (0.23). By using unpaired t test there was highly significant difference (P=0.001)
               observed between mean chronological age and mean estimated age for mandibular first molar for males (32.9916± 9.05491) and
               for females (28.8395± 5.66007). No significant correlation was derived between PCTHR with gender (P=0.24). Positive correlation
               was observed between the PCTHR and chronological age for mandibular first molar, statistically significant difference was
               observed (30.9800± 8.556), (r=0.48) & P value 0.001[Table  2]. Regression analysis on the test sample produced the following linear regression equation.
            

            In present study sample regression equation; y = 47.866x + 17.996 where x is dependent variable (age) & y is independent variable
               (PCTHR). The R2  value for regression equation is 0.23. No significant difference was found between the actual age and calculated age (P =0.853).
               [Table  3]. Mean absolute error was estimated by applying equation on the test sample and was found to be 7.51 years. In present study,
               age estimates in 80.5% was within the Mean absolute error, ˂ ±10 years i.e. acceptable error limit in Forensic Age Estimation.
               Bicervical diameter in mesio distal direction showed statistically highly significant difference (p ≤ 0.001) between male
               and female subjects. Bicervical diameter shows positive correlation with chronological age (P value = 0.043).
            

            

            
                  
                  Table 1

                  Distribution of study subjects according to age categories & gender (N=200)

               

               
                     
                        
                           	
                              
                        	
                              Gender
                        
                        	
                              Total
                        
                     

                     
                           	
                              Male
                        
                        	
                              Female
                        
                     

                     
                           	
                              Age Category
                        
                        	
                              20-29
                        
                        	
                              55
                        
                        	
                              50
                        
                        	
                              105
                        
                     

                     
                           	
                              30-39
                        
                        	
                              38
                        
                        	
                              25
                        
                        	
                              63
                        
                     

                     
                           	
                              40-49
                        
                        	
                              16
                        
                        	
                              6
                        
                        	
                              22
                        
                     

                     
                           	
                              50-59
                        
                        	
                              8
                        
                        	
                              0
                        
                        	
                              8
                        
                     

                     
                           	
                              60 & above
                        
                        	
                              2
                        
                        	
                              0
                        
                        	
                              2
                        
                     

                     
                           	
                              Total
                        
                        	
                              119
                        
                        	
                              81
                        
                        	
                              200
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Correlation between chronological age & PCTHR  

               

               
                     
                        
                           	
                              
                        	
                              Mean
                        
                        	
                              Std. Deviation
                        
                        	
                              Pearson Correlation
                        
                        	
                              P value
                        
                     

                     
                           	
                              Age
                        
                        	
                              30.9800
                        
                        	
                              8.55603
                        
                        	
                              0.48
                        
                        	
                              0.001*
                        
                     

                  
               

               

            

            

            
                  
                  Table 3

                  Mean difference between actual age & estimated age

               

               
                     
                        
                           	
                              
                        	
                              Mean Chronological Age
                        
                        	
                              Mean Estimated Age
                        
                        	
                              Mean Difference
                        
                        	
                              P value
                        
                     

                     
                           	
                              Age
                        
                        	
                              31.10
                        
                        	
                              31.00
                        
                        	
                              0.10
                        
                        	
                              0.853
                        
                     

                  
               

            

            

            
                  
                  Table 4

                  Comparison of MD, CH, CPCH, TCI, RTH & PCTHR with respect to gender

               

               
                     
                        
                           	
                              Gender
                        
                        	
                              No of samples
                        
                        	
                              Mean±SD
                        
                     

                     
                           	
                              CPCH
                        
                        	
                              CH
                        
                        	
                              TCI
                        
                        	
                              PCTHR
                        
                        	
                              MD
                        
                     

                     
                           	
                              Male
                        
                        	
                              119
                        
                        	
                              3.49±0.8
                        
                        	
                              10.59±2.42
                        
                        	
                              32.99±9.05
                        
                        	
                              0.277±0.07
                        
                        	
                              11.98±1.33
                        
                     

                     
                           	
                              Female
                        
                        	
                              81
                        
                        	
                              3.25±0.8
                        
                        	
                              11.19±2.24
                        
                        	
                              28.83±5.66
                        
                        	
                              0.26±0.09
                        
                        	
                              10.20±1.16
                        
                     

                     
                           	
                              T
                        
                        	
                              
                        	
                              2.069
                        
                        	
                              1.77
                        
                        	
                              3.66
                        
                        	
                              1.053
                        
                        	
                              9.73
                        
                     

                     
                           	
                              P Value
                        
                        	
                              
                        	
                              0.040*
                        
                        	
                              0.077
                        
                        	
                              0.001*
                        
                        	
                              0.294
                        
                        	
                              0.001*
                        
                     

                  
               

               

            

            

            
                  
                  Table 5

                  Correlation of chronological age with TCI, CPCH, CH & Mesio distal dimension

               

               
                     
                        
                           	
                              
                        	
                              
                        	
                              r (Correlation Coefficient)
                        
                        	
                              P value
                        
                     

                     
                           	
                              Chronological Age
                        
                        	
                              TCI
                        
                        	
                              0.977
                        
                        	
                              0.001*
                        
                     

                     
                           	
                              CPCH
                        
                        	
                              0.584
                        
                        	
                              0.001*
                        
                     

                     
                           	
                              CH
                        
                        	
                              -0.394
                        
                        	
                              0.001*
                        
                     

                     
                           	
                              Mesio- Distal
                        
                        	
                              0.143
                        
                        	
                              0.043*
                        
                     

                  
               

               

            

            

            
                  
                  Figure 1

                  Scattered plot showing regression line correlation between crown root trunk ratio when compared to subject’s chronological
                     age
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/8ce3aa0b-9372-4482-9fbd-5c8964953431-uimage.png]

            

            
                  
                  Figure 2

                  Scattered plot showing regression line correlation between crown pulp chamber height with chronological age

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/2ca1a87d-a768-4eb1-9a67-7fbc50dcbdc0-uimage.png]

            

            
                  
                  Figure 3

                  Scattered plot showing regression line correlation between  crown height and chronological age

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/93e455b0-d348-4a1f-944a-b49b5576c635-uimage.png]

            

            
                  
                  Figure 4

                  Scattered plot showing regression line correlation between tooth coronal index with chronological age

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/93d99f66-cee7-4e02-92e3-eb735bd9cb34-uimage.png]

            

            
                  
                  Figure 5

                  Panoramic Image showing measurements on right mandibular first molar. To calculate Tooth Coronal Index, Coronal Height (CH)
                     was measured vertically straight from the cervical line to the tip of the highest cusp [represented by Red Line]. Coronal
                     Pulp Cavity Height (CPCH) was measured vertically from the cervical line [Red Line] to the tip of the highest pulp horn [Yellow
                     Line].
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/0bbbf7ee-4521-43e6-9cb6-b20c6a4e3358-uimage.png]

            

            
                  
                  Figure 6

                  Panoramic Image showing measurements on right mandibular first molar. To calculate Pulp Chamber Crown Root Trunk Height (PCTHR),
                     Crown Root Trunk Height (CRTH)[vertical red line] was calculated by measurement of distance between the central fossa and
                     the highest point on root furcation [represented by red lines]. Pulp chamber Height (PCH) was calculated which is the distance
                     between the roof and floor of the pulp of the pulp chamber in the same axis [represented by yellow lines]
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/cdea689c-6752-4641-88f5-e22aa061c3dc-uimage.png]

            

            
                  
                  Figure 7

                  Panoramic Image showing measurements on right mandibular first molar. To calculate Bicervical diameter in mesiodistal direction(MD)
                     was measured by a line drawn from contact point in mesial and distal aspect of lower right mandibular molar. [represented
                     by red lines]
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6506cd3e-d8d3-4e7e-85ce-495174f1c971/image/49e3906c-348d-4c92-96d5-7ceaf93c03c1-uimage.png]

            

            

         

         
               Discussion

            Tooth is considered as a reliable body part for forensic age estimation since environment has minimal influence on it. Age
               estimation by radiographic evaluation of secondary dentin deposition is an established non- invasive procedure for adults.9 Gustafon was the first to introduce secondary dentin measurement method for age estimation.10 “Secondary dentin” is the calcified nontubular substance deposited by the pulp on the walls of the pulp chamber and root
               canal and it continues throughout the life. As regular secondary dentin is laid down on the pulpal surface of the primary
               dentin, the pulpal cavity decreases in size with age.3 It has been reported that secondary dentin apposition is not uniform all over the pulpal cavity i.e. in case of molars, it
               is more over the roof and floor, thus reducing the height rather than width of the pulpal chamber.11 Various studies have been done for age estimation using measurements of anterior teeth. But in elderly anterior teeth are
               often lost making age estimation difficult.12 In kvaal’s method six anterior teeth (three maxillary and three mandibular teeth) were taken in to consideration and length
               and width measurements of teeth and dental pulp cavities were carried out. It was not possible to study the maxillary teeth
               due to the fact that digital radiographic images did not meet quality criteria because of overlap of adjacent tissues and
               lack of sharpness of the images. The following ratios were calculated :pulp/root length (P), pulp/tooth length(R), and pulp/root
               width at three levels(A,B and C) were also complicated.13 Bossman et al. in 2005 applied the technique of kvaal on digital orthopantomograms and obtained age estimation comparable
               to those based on original technique found no significant differences between chronological age and estimated age when all
               six teeth or all three mandibular teeth were included.14 Drusini et al in 1997 measured the highest point on the pulp chamber and the cervical line of posterior teeth to estimate
               age. But superimposition of adjacent pulp horns and thin cemento enamel junctions had lead to inaccuracy of measurements.15 Paewinsky et al. revealed that width ratios at different root levels showed significant correlations with chronological age.
               Although this investigation consisted the application of the method of Kvaal et al. On panoramic radiographs, results were
               calculated according to specific equations developed, This method require complicated calculations not give reliable results.16

            In present study we used modified method of Kvaal’s et al. in 2011. He concluded that better accuracy in age prediction were
               obtained subjects based on linear measurements of pulp. The present study was done to develop an independent procedure to
               estimate age using digital radiographs of multirooted posterior teeth with acceptable margins for forensic age prediction
               (10± years). We have used a new procedure where in the height of the pulp chamber and height of the crown root trunk was measured
               and ratio; PCTHR was calculated. PCTHR was correlated with chronological age of the study subjects with a positive correlation
               (r =0.48; P= 0.001). Regression equation derived from PCTHR ratio were used to estimate the age difference between actual
               age and calculated age was found to be statistically non significant (P= 0.853). The MAE in our study was 7.51 years which
               was under the acceptable error limits in forensic age estimation.
            

            The mesiodistal diameter of the posterior teeth is larger for males than females.17  Dentin was significantly thicker in males than females, and is 3.5-4.0mm thicker in molars, which accounts for the dimorphism
               in the mesiodistal diameter. Enamel thickness which is 0.4-0.7mm greater for the molars than premolars shows no significant
               sex differences. Alvesalo et suggested  that the Y chromosome increases the mitotic potential of developing tooth germs and
               promotes dentin growth. Amelogenesis, on the other hand, appears to be promoted by the X chromosomes.18 According to Stroud sexual dimorphism in Mesiodistal tooth sizes is due to differences in dentin thickness not enamel thickness.5 Present study sample showed that Mesiodistal dimension of posterior teeth is larger in males than in females. Mean standard
               deviation of Mesiodistal dimension in males (11.98±1.33) more than females (10.20±1.16).
            

             The length of the coronal pulp cavity shows a significant correlation with chronological age Calculated as TCI. The reduction
               in the size of the pulp cavity resulting from a deposition of secondary dentine with aging can be assessed by radiographs.11 Assessment of the pulp/tooth index is an indirect quantification of secondary dentin deposition.19 Various studies were conducted on periapical and panaromic radiographs using TCI and its correlation with age. Kvaal et al.
               had established significant correlation between TCI for molars. 
            

            The results obtained in the present study prove that there is a positive correlation with age i.e. as the age advances TCI
               increases.12 Prapanpoch et al. found no significant correlation between the age of an individual and the width and height of the pulp
               chamber evaluated on dental radiographs, and suggested that these measurements should not be used as a reliable method of
               age determination.20  Igbigbi and Nyirenda mentioned that due to influence of estrogen on the formation of secondary dentin, gender has a significant
               influence on age estimation using TCI.21 The results of present study show significant gender differences inTCI.TCI of males is larger than females. This was in favour
               of the study by Shrestha in 2014 shows TCI is higher in males than in females.3 
            

         

         
               Conclusion

            TCI and PCTHR are simple non destructive, cost effective methods for morphometric analysis of reduction in size of pulpal
               cavity with individual’s age. This modified kvaal’s method can be used for forensic determination of age using digital OPG.
               From the results of study it could be concluded that chronological age has positive correlation with both TCI & PCTHR. Mandibular
               first molar was found to be most reliable marker to determine age. Mesiodistal dimension of molar is greater in males than
               females also have been proved.
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