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Abstract 
Introduction: Human radiography plays a major role for personal and gender identification in case of natural disasters such as 

earth quacks, tsunamis, etc. when human remains are decayed or deceased. The uniqueness in dimensions and patterns of the 

frontal sinus (FS) lead to advances in forensic dentistry. 

Aim: To evaluate the dimensions and patterns of FS as observed on posterior-anterior (PA) cephalogram for personal and gender 

identification. 

Materials and Methods: A total of 700 PA Cephlograms, 350 males and 350 females were selected. The mean dimensions and 

patterns of the FS in males and females were determined and evaluated. 

Results: On intergroup comparison, the difference in dimensions of males and females were statistically significant with p-value 

of 0.000. The present study revealed that out of 700, FS symmetry and asymmetry was observed in 386 (55.14%) and 165 

(23.57%) individuals respectively. The FS aplasia was seen in 149 (21.2%) individuals. 

Conclusion: The morphometric analysis of FS can serve as an adjunct to other methods of personal and gender identification. 
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Introduction 
Frontal Sinus, Sella turcica, Nasal Septum, 

vascular groove patterns etc., are unique human 

anatomical structures for personal and gender 

identification in forensics on the fully developed 

skeleton.1 The growth and development of FS manacle 

the manifestation of sexually dimorphic features and is 

unique even in monozygotic twins.2 The dead and 

deceased human remains identification forms cardinal 

element in medico-legal cases.3 

Personal identification includes establishing the 

identity of an individual. In forensics, human skull 

radiographs can be compared for personal identification 

in living, decayed or deceased individuals or in cases of 

mass calamities (such as earth quakes, tsunamis, 

landslides, bomb blasts).4  

Investigations, in which ante mortem and 

postmortem radiographic records are compared, are 

commonly used for personnel identification both in 

human remains and in living individuals. For forensic 

identification of unknown decomposed or deceased 

individuals, the singulatity of anatomical structures and 

their variations plays a significant role.5 

Therefore, the present study was conducted to 

assess FS dimensions and patterns as observed on 

posterioanterior (PA) cephalogram, for personal and 

gender identification.  

 

Materials and Methods 
PA cephalograms of 700 individuals visiting the 

Department of Oral Medicine and Radiology, College 

of Dental Sciences, Davangere city, between the age 

group of 18-45 years were enrolled in the study. Ethical 

clearance was taken from the institutional committee 

before commencing the study. Individuals with 

developmental defects or pathologies, craniofacial 

syndromes, endocrinal or metabolic disorder or with 

history of craniofacial trauma or surgery were not 

included in the present study. The PA cephalograms 

were assessed for the morphometric evaluation of FS. 

Measurements were done using ROMEXIS 

software. The width of the FS was calculated as the 

maximum lateral limits from central septum and height 

was measured from frontonasal suture to the superior 

most point of the FS. (Fig. 1).6 

Anatomically, FS was classified as symmetrical, 

asymmetrical (right or left dominant), unilateral or 

bilateral aplasia. The difference between right and left 

side dimensions of FS was divided by their greatest 

dimension and was multiplied by 100. FS was 

considered as symmetrical, in case the obtained 

percentage is less than 20, and if it is more than 20, FS 

was classified as asymmetrical (Fig. 2).  

The results were analyzed using Statistical Package 

of Social Sciences (SPSS) software version 21. The 

dimensions of FS between males and females were 

compared using paired t-test. The p-value less than 0.05 

was considered as significant. 
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Fig. 1: Dimensions for measuring height and width 

of FS 

 

 
Fig. 2: Method for determining symmetrical or 

asymmetrical frontal sinus pattern 

 

Results 
The mean age of males and females enrolled in the 

study was 31.42 ± 5.62 years and 25.86 ± 6.93 years 

respectively. The mean width of FS with SD in males 

and females was 57.83 ± 5.59 mm and 36.27 ± 6.62 

mm respectively while the mean height with SD in 

males and females was 24.76 ± 3.48 mm and 18.83 ± 

2.82 mm Therefore, the differences of males and 

females dimensions were statistically significant in both 

the genders with p-value of 0.000. (Table 1 and Graph 

1) 

Out of 700, FS symmetry, left dominant 

asymmetry and right dominant asymmetry was 

observed in 386 (55.14%), 119 (15.57%) and 56 (8.0%) 

individuals respectively. Out of 149 (21.28%) 

individuals with aplasia, unilateral aplasia was seen in 

86 (left- 52 and right-34) while bilateral aplasia was 

observed in 63 individuals. 

 

 

 

Table 1: Dimensions of Frontal Sinus among males and females 

 Males (mm) Females (mm) p Valve 

Width 57.83 ± 5.59 36.27 ± 6.62 0.000 * 

Height 24.76 ± 3.48 18.83 ± 2.82 0.000 * 

P value less than 0.05 was considered as significant 

 

Table 2: Distribution of frontal sinus patterns 

Classification Number of individuals Total (percentage) 

 Males Females  

Symmetry 206 180 386 (55.14%) 

Left Dominant Asymmetry 74 45 119 (15.57%) 

Right Dominant Asymmetry 22 34 56 (8.0%) 

Left Unilateral Aplasia  36 16 52 (7.42%) 

Right Unilateral Aplasia  16 18 34 (4.85%) 

Bilateral aplasia  38 25 63 (9.0%) 

 

Graph 1: Dimensions of frontal sinus among males and females 
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Graph 2: Distribution of frontal sinus patterns 

 
 

Discussion 
Frontal sinus analysis has proven to be a very 

useful tool for identification purposes in forensic 

dentistry.7 The singularity of FS is due to its 

asymmetrical morphology which was first stated by 

Zukerkandl (1875).8 The present study was intended to 

measure dimensions of FS and to analyze its pattern 

using a single radiograph with minimal distortion and 

maximal details. 

The individuals above the age of 18 were taken 

into consideration due to variations in size and shape of 

FS during growth and development of individual which 

can be influenced by genetic, hormonal or 

environmental elements which is in accordance with 

studies conducted by Libersa and Faber (1957), 

Krogman (1962), and Porbonikova (1974).9 In the 

present study, individuals till the age of 45 were 

enrolled as with the advancing age, variations such as 

bone resorption are the common findings.10 

In the present study, equal number of males and 

females were taken into consideration which is in 

compliance with the studies published in 2007 (Camrgo 

RJ et al), 2010 (Maria PD et al), 2013 (Mathur H et al), 

2014 (Hamed SS et al), 2016 (Tiwari P et al), 2017 

(Verma K et al).1,9,11-14 While in some studies published 

in 2015 (Verma P et al) and 2017 (Nagaraj T) includes 

unequal distribution of males and females.6,15 Similarly, 

another study published in 2010 includes 116 males and 

29 females.16 

The mean width of FS in males and females was 

57.83 ± 5.59 mm and 36.27 ± 6.62 mm respectively 

while the mean height with SD in males and females 

was 24.76 ± 3.48 mm and 18.83 ± 2.82 mm Therefore, 

the differences of males and females dimensions were 

statistically significant in both the genders with p-value 

of 0.000. The above data suggested that mean width 

and height of FS is greater in males as compared to 

females and can be used as a criterion for gender 

determination in forensics which was in accordance 

with the studies published by Yoshino M (1987)17 and 

Verma K et al (2017).1 

The present study is in accordance with the studies 

conducted by Nagaraj T et al (78% and 11.4%)15 and 

Verma K et al (77.5% and 22.5%)1 stating that FS 

symmetry and asymmetry were found to be 55.14% and 

23.57%, respectively. Unilateral absence of FS was 

seen in 86 (12.2%) of 700 individuals. These findings 

are in accordance with the studies done by Verma K et 

al (2017)1 and Tiwari P et al (2016)14 with 8.7% and 

13.75% cases respectively and in contrast to the studies 

done by David M P et al (2010),9 Gopal et al (2017)18 

and Nagaraj T (2017)15 who observed 6%, 2.5% and 

5.7% respectively.  

In the present study, Bilateral aplasia was found to 

be 63 (9.0%) in our study which was in total contrast 

with the studies done by Gopal et al. (2017)18 who did 

not observe in any case, David M P et al (2010)9 with 

4%, Tiwari P et al (2016)14 with 5% and Nagaraj T et al 

(2017)15 with 4.6% cases and in favor of Taniguchi et al 

(2003)19 in which 10.8% cases were found. 

The present study was conducted using only one 

radiograph which adequately demonstrates FS 

morphology with minimal distortion and maximum 

detail. Similar studies published in literature which 

involving morphometric analysis using one radiograph 

were conducted by Reddy S et al (2014),20 Mohan V et 

al (2015),21 Nagaraj T et al (2017)15 and Verma K et al 

(2017).1 However, in contrast, Camargo RJ et al 

(2007),11 Rubira-Bullen IRF et al (2010)16 and Patil N 

et al (2012)5 used Caldwell view in their studies. 

Limitations of the study involves smaller sample 

size along with the age limits i.e. individuals in the age 

range of 18 to 45 were included in the study. Secondly, 

a better precise tool i.e. Cone beam computed 

tomography (CBCT) will reduces the chances of error. 

Therefore, larger sample size with age wise distribution 

with an advanced radiographic technique is 

recommended. 

 

Conclusion 
The morphometric analysis of frontal sinus 

involving its dimensions and patterns using a single 

radiograph with maximal details can be used as 
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an adjuvant for personal and gender identification in 

forensic dentistry. 
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