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            Abstract

            
               
The present study was aimed to evaluate the importance of combined use of frontal sinus dimensions and evaluating possible
                  implications. The study was retrospective and intended to measure dimensions on 60 digital radiographs (PA Caldwell's View)
                  of age group 20 to 50 years. The Institutional Ethical Committee approved the research protocol. Inclusion Criteria was taken
                  as radiographs with good image quality and absence of any artefact. Radiographs of individuals with bilateral complete frontal
                  sinus development were included while radiographs are exhibiting pathology like, e.g. mucous retention within the frontal
                  sinus, aplasia (unilateral and bilateral) or rudimentary frontal sinus excluded from the study. Parameters measured were maximum
                  height, width on both sides and symmetry of frontal sinus. Out of 60 radiographs five were excluded from the study (2 frontal
                  sinus aplasia and 3 unilateral frontal sinuses). The final study involved 55 radiographs (N=55) which constituted 28 males
                  and 27 females. The mean values of maximum height and width were obtained. Symmetry was calculated using width. There were
                  significant differences in average width and height of frontal sinus of males and females. The results of the study favour
                  the radiographic evaluation and frontal sinus dimensions for identification in forensics and also it is useful for the management
                  of sinus-related ailments. 
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               Introduction

            Frontal sinuses are air-filled cavities inside the fontal bone with lobulations on the margins. Although the frontal sinus
               exists in pairs, the cavities develop independent of each other, leading to different sizes of cavities and show an asymmetrical
               pattern  (Christensen, 2005; Rossouw, Lombard, & Harris, 1991). In the initial years of life frontal sinus grows gradually, but at puberty, the cavities grow considerably both in males
               and females  (Ruiz & Wafae, 2004). However, the growth and development of frontal sinus are complete by the second decade of life  (Pandeshwar, Kumar, Shastry, Ananthaswamy, & Markande, 2017; Prossinger & Bookstein, 2003). There may be an observed failure in the development of frontal sinus cavity in the bone, and the condition is called as
               aplasia. Aplasia may be unilateral or bilateral.
            

            Radiography is the conventional method of investigation. Plain radiographs are nowadays replaced by digital radiographs providing
               better image quality  (Bansal, 2006). Frontal sinuses are best visible in Caldwell's view, and dimensions of sinus cavities can be measured easily. Detailed
               information on anatomy and size of frontal sinus is crucial for the management of sinus  (Cashman, Macmahon, & Smyth, 2011)  related ailments and dimension based personal identification in forensics  (Krishan, 2013).
            

            

            
                  
                  Table 1

                  Average height of right and left frontal sinus cavity

               

               
                     
                        
                           	
                              
                           
                           Gender

                           
                        
                        	
                              
                           
                           Rt. height (in cm)

                           
                           Mean ± SD

                           
                        
                        	
                              
                           
                           Lt. height (in cm)

                           
                           Mean ± SD

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Males

                           
                        
                        	
                              
                           
                           3.19±1.04

                           
                        
                        	
                              
                           
                           3.17±1.01

                           
                        
                     

                     
                           	
                              
                           
                           Females

                           
                        
                        	
                              
                           
                           2.70±0.77

                           
                        
                        	
                              
                           
                           2.69±0.74

                           
                        
                     

                     
                           	
                              
                           
                           Statistical analysis

                           
                        
                        	
                              
                           
                           0.05

                           
                        
                        	
                              
                           
                           0.04

                           
                        
                     

                     
                           	
                              
                           
                           Significance

                           
                        
                        	
                              
                           
                           Significant (p < 0.05)

                           
                        
                        	
                              
                           
                           Significant (p < 0.05)

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Average widths of Right and Left frontal sinus cavity

               

               
                     
                        
                           	
                              
                           
                           Gender

                           
                        
                        	
                              
                           
                           Rt. width (in cm)

                           
                           Mean ± SD

                           
                        
                        	
                              
                           
                           Lt. width (in cm)

                           
                           Mean ± SD

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Males

                           
                        
                        	
                              
                           
                           2.40±0.92

                           
                        
                        	
                              
                           
                           2.89±0.84

                           
                        
                     

                     
                           	
                              
                           
                           Females

                           
                        
                        	
                              
                           
                           2.98±1.14

                           
                        
                        	
                              
                           
                           2.36±1.08

                           
                        
                     

                     
                           	
                              
                           
                           Statistical analysis

                           
                        
                        	
                              
                           
                           0.04

                           
                        
                        	
                              
                           
                           0.04

                           
                        
                     

                     
                           	
                              
                           
                           Significance

                           
                        
                        	
                              
                           
                           Significant (p < 0.05)

                           
                        
                        	
                              
                           
                           Significant (p < 0.05)

                           
                        
                     

                  
               

            

             

            
                  
                  Figure 1

                  Measurement of width and height of frontal sinus cavity
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                  Figure 2

                  Comparison of mean Age
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                  Figure 3

                  Comparison of patterns of frontal sinus
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                  Figure 4

                  Distribution of symmetry/ asymmetry in total subjects (n=55)
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               Materials and Methods

            The present study was based on retrospective design and was proposed to measure dimensions on 60 digital radiographs (PA Caldwell’s
               View) of age group 20 to 50 years, consisting of 30 males and 30 females. The research protocol was approved by the Institutional
               Ethical Committee of SGT Medical College, Gurugram. Only useful quality radiographs were included which were found free from
               any error. Also, the radiographs of individuals with bilateral complete frontal sinus development were included while radiographs
               are exhibiting pathology like, e.g. mucous retention within the frontal sinus, aplasia (unilateral and bilateral) or undeveloped
               frontal sinus excluded from the study. Parameters measured were maximum height, width on both sides and symmetry of frontal
               sinus. Out of total 60 (30 males, 30 females) participants, 55 were found to be suitable as per inclusion criteria, and thus
               5 were excluded from the study and analysis.
            

            Method of measurement of parameters: For the measurement of above said five parameters, a radiograph was placed on view box and following lines were drawn using
               fine marker and ruler as shown in the image given (Figure  1).
            

            All the measurements were calculated as per previous studies  (Gopal & Vijayan, 2016; Taniguchi et al., 2003). The difference between the width of two cavities was divided by sum of width of two cavities and multiplied by hundred
               provided the data for symmetry. A value less than or equal to twenty was taken as symmetrical cavities while exceeding the
               twenty per cent was taken as asymmetry of larger size cavity. 
            

         

         
               Results and Discussion

            Among the included 55 participants, there were28 males and 27 females. The mean age of both genders was comparable. The average
               age in the case of males and females are comparable, and data has been illustrated in Figure  2.
            

            It was observed that the average height of the right frontal sinus cavity was higher in males than in females and found to
               be statically significant (p = 0.05). Similar results were seen in the left frontal sinus cavity. The average height of both
               sides frontal sinus cavities were more in males than in females (Table  1).
            

            There were interesting observations in the width of frontal sinus cavities. The average width of the right frontal sinus cavity
               was higher in females, i.e. 2.98 ± 1.14 than in males which were 2.40 ± 0.92 (Table  2). On the contrary, the average left width was higher in males than females. The results were statically Significant (p <
               0.05).
            

            The pattern of frontal sinus cavity has shown significant results. Left asymmetry was highly significant (p=0.005 Significant)
               with a distribution of 14 cases among males and 4 among females. Right asymmetry was also statically significant (p=0.02 Significant)
               with more cases in females than males, i.e. 11 and 4, respectively. Figure  3 is showing the distribution of symmetry/ asymmetry of frontal sinus cavity in males and females. 
            

            The total number of cases having symmetry was 22; left asymmetry 18 and right asymmetry were 15. The distribution is shown
               in the graph below(Figure  4). The contribution of symmetry is 40%, left asymmetry 33% and right asymmetry 27%.
            

            Researchers have extensively studied frontal sinus, clinicians and academicians, taking into consideration various aspects
               of frontal sinus like height, width, symmetry, area, scallops, no of septa etc. The association of frontal sinus concerning
               age, gender, demography and weather has been established  (Camargo et al., 2007). There have been observed variation in different populations and locations.
            

            The present study was conducted in the southwest region of New Delhi, India. The age of participants included in the study
               was above twenty years as the growth of the frontal sinus cavity is supposed to be completed at this age  (Camargo et al., 2007). The average age of the study participants was found as 31.17 ± 10.52 years in males and 28.66 ± 11.76 in females. The average
               height of the right frontal sinus cavity was found to be 3.19 ± 1.04 cm in males and 2.70 ± 0.77 cm in females. The results
               had shown significance statistically. These results were also supported by previous studies  (Kotrashetti, Kale, Belaldavar, & Hallikerimath, 2014). On the left side height of the frontal sinus cavity was found to be 3.17 ± 1.01 cm in case of males and 2.69 ± 0.74 in
               case of females. In the present study, height on both right and left side of the frontal sinus cavity was higher in males
               than in females. Height on both sides has been reported to be higher in males than in females by  (Kanjani et al., 2018; Kotrashetti et al., 2014).
            

            Researchers have adopted different methods for measurement of the width of the frontal sinus cavity. Some have approached
               by taking the width as a whole measuring the distance between the width farthest lateral limits of the frontal sinus cavity
               (Tehranchi, Saedi, Motamedian, & Rohani, 2015; Verma, Nahar, Singh, Mathur, & Bhuvaneshwari, 2017). While others have measured the width separately for each side of sinus cavity taking reference of the inter-sinus septum
               to the farthest point on each side  (Kotrashetti et al., 2014; Soman, Sujatha, & Lingappa, 2016; Verma et al., 2015). The present study has followed the latter approach and width of the right and left sinus cavities were measured separately
               for both males and females. Right width was found to be 2.40 ± 0.92 cm in case of males while it was 2.98 ± 1.14 cm in case
               of females. The width of the right frontal sinus cavity was significantly higher in females. These results were contrasting
               to previous studies in which dimensions of right width were higher in males than that of females  (Kotrashetti et al., 2014; Soman et al., 2016). The average width of the left frontal sinus cavity was found to be 2.89 ± 0.84 cm while in females it was observed as 2.36
               ± 1.08 cm. The left frontal sinus cavity was significantly higher in males than that of females. These results were in congruence
               with the previous studies, which also favoured a higher value of left width in males  (Kotrashetti et al., 2014; Verma et al., 2017). 
            

            In this study, the symmetry was observed in a total of 22 cases, left asymmetry in 18 cases and right asymmetry in 15 cases
               contributing to 40%, 33% and 27 % respectively. These results were in accordance with a study conducted by  (Taniguchi et al., 2003) and rest cases of as reported by  (Saxena & David, 2010; Verma et al., 2015) reported 58% of cases with symmetry and 32% of cases with asymmetry. Other studies also have reported more than 50 % of
               cases with overall symmetry.

            The frontal sinus has shown versatile dimensions contingent on the circumstances and demography. The results also have been
               found in a wide range depending upon the sample sizes and methods of measurements. However, exploring the dimensions of a
               larger sample can produce a better picture of the pattern of that population. 
            

         

         
               Conclusions

            The knowledge of frontal sinus anatomy and the sizes of various parameters of its cavity is helpful in clinical practice for
               the management of minor to major sinus ailments. The results of the present study have shown significant differences in dimensions
               of male and female frontal sinus cavities favouring its application in forensics for personal identification. 
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