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Abstract: 

Aims and objectives: A comparative study was 

conducted in the field of forensic odontology for sex 

determination in south eastern Punjab population to 

evaluate the reliability and accuracy of frontal and 

maxillary sinus in gender determination using 

conventional radiography.  

Methodology: The study was conducted in the 

department of oral medicine and radiology on 200 

participants (100 males and 100 females) with an age 

range of 20– 35 years. Caldwell’s radiographic technique 

was applied to view frontal sinus and lateral cephalogram 

for maxillary sinus. Both methods were applied on each 

participant, and the data were collected. After obtaining 

the data, it was coded, analysed, decoded, interpreted, and 

statistically analysed. The data were entered into MS 

Excel and then analysed with IBM SPSS Statistics 20.0 

Data Editor software using chi square, independent 

sample test.  

Results: In the present study, on comparing, it was found 

that in case of frontal sinus there was no significant 

difference between the means of frontal sinus area and the 

gender of the subjects and the corresponding p value was 

found to be 0.679 which is non-significant. On the other 
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hand, classification results of area of maxillary sinus 

(82%) of original grouped cases were correctly classified 

with a significant P value (P < 0.001), with males having 

larger area as compared to females. 

Conclusions: Maxillary sinus area parameter is an 

accurate and reliable method as compared to forensic 

sinus for sex determination 

Key words: Forensic odontology, maxillary sinus, frontal 

sinus, sex determination 

Introduction 

Human body has 4 pairs of Para-nasal sinuses which are 

connected to the nasal cavity by a small canal. They are 

air-filled spaces that is, they are hollow and are found 

within the bones of the face and base of the skull 

surrounding the nasal cavity namely; frontal, ethmoidal, 

maxillary and sphenoid sinuses. The paranasal sinuses 

perform varied functions, which include:(1) to lighten the 

weight of the head, (2) to improve nasal function, (3) to 

humidify and heat inhaled air, (4) to increase the 

resonance of speech, (5) to aid the immune defences of 

the nasal cavity and (6) to serve as “shock absorbers” to 

protect vital structures in the event of facial trauma. The 

sinuses have shown to be affected by environmental 

stress, for example, people living in warmer climates 

have larger volume of the sinuses.1,2,3,4 

Plain film radiography for the sinuses includes: (i) 

Water’s (occipitomental view), (ii) lateral 

(cephalometric), (iii) Caldwell (occipitofrontal view), (iv) 

basal and oblique view and (v) submentovertex view. 

These conventional techniques are still frequently used 

for the evaluation of paranasal sinuses. This form of 

radiography comes with its own set of advantages: 

decreased radiation dose, easy availability and 

examination, simple, rapid and safe tests, non-invasive 

and economical.5, 6 

Sex determination of an unidentified person is of 

paramount importance to disclose his/her identity. When 

it comes to forensics, sinuses especially, maxillary and 

frontal sinus plays a vital role as many times only a 

fragment of the skull is found. Anthropologic, medical 

and dental forensic studies have shown that no two people 

have same sinus especially frontal sinus and secondly, 

maxillary sinus remains intact in fragmented specimen of 

the skull.7,9,8,10 

This study was intended to access the diagnostic value of 

conventional radiography for gender determination using 

frontal and maxillary sinus. This can serve as an aid in 

future forensic odontology studies. 

Subjects and Methods 

The present study was conducted on the population of 

south eastern Punjab, north western India, after the 

required approval from the ethical committee. The study 

included 200 participants, including 100 males and 100 

females, with age ranging from 20 to 35 years. After 

explaining the entire procedure to the patients, a written 

consent was obtained. A thorough detailed oral 

examination was conducted, and the data were collected 

as per the pro forma. The individuals were selected on the 

basis of the inclusion and exclusion criteria.  

Inclusion criteria: Both sexes were considered randomly, 

subjects above 20 years of age. 

Exclusion criteria: Chronic sinusitis (maxillary and 

frontal) and other maxillary sinus pathologies, facial bone 

fracture and aplasia of frontal sinus. 

Caldwell’s projections were taken using Kodak 

intensifying screen (Eastman Kodak Company, 

Rochester, New York, United States) image receptor 

(8x10’ digital cassette) on stationary bucky. Radiographs 

were taken using Adonis 500 mA machine (Adonis 

Medical Systems Private Limited, Mohali, India, 1998) 

with mA300, KvP 70 and mAs 60. The lateral 
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cephalograms were obtained using 8 × 10’ digital cassette 

image receptor which was a Kodak intensifying screen 

(Eastman Kodak Company, Rochester, New York, United 

States). Standard radiographic technique was applied for 

this form of extra-oral radiography using Allengers-

Alldent HF machine (Allengers, passion for excellence, 

Derabassi, Punjab, India 2011) for extra-oral radiography 

set at 850W, 76 kVp, 10 mA, and 2 s. Both the X-ray 

films were developed with FCR PRIMA Console 

Software V1.1 automatic processing unit. After taking 

radiograph, it was digitally processed. Each X-ray was 

assessed for maxillary and frontal sinus area respectively 

with AutoCAD 2010 software (AUTODESK, California, 

United States) (Figure 1, 2). Both right and left and total 

area of frontal sinus was evaluated along with maxillary 

sinus. Each picture was saved in JPEG format and data 

was coded. All the collected data was analysed using the 

IBM SPSS Statistics 20.0 Data Editor software 

(Microsoft Corporation Inc., Chicago, IL, USA) using chi 

square, independent sample test.  

Results 

The average area of Frontal sinus in males and females 

was recorded according to the particular side. In males, 

total average area of frontal sinus was 1.016396mm. In 

females, the total average area of frontal sinus was 

0.976170mm (Table I).  This table shows that there was 

no significant difference between the means of frontal 

sinus area and the gender of the subjects as the F statistic 

was 0.824 and the corresponding p value was found to be 

0.679 which is non-significant. 

A significant sex difference was found in relation to 

maxillary sinus area. The mean area for males (1.65260) 

was larger than females (1.36674) (Table II). In group 

centroids, if someone’s DF score is above −0.052, then 

the person belongs to female category, whereas if DF 

score is <−0.052, the person belongs to male category. 

The classification results of area of maxillary sinus (82%) 

of original grouped cases were correctly classified with a 

significant P value (P < 0.001) (Table III). Hence, males 

showed larger area of maxillary sinus as compared to 

females. 

On statistically comparing frontal and maxillary sinus, it 

was found that frontal sinus area did not show any 

significant difference between males and females whereas 

maxillary sinus area showed a significant P value and 

hence, is useful in sex determination and can be used in 

future studies. 

Discussion 

Sex determination is one of the main aspects of human 

identification. It has been reported that if the entire 

skeleton is available, then sex of the unidentified subject 

can be assessed with 100% accuracy. But when skeletal 

remains are found, after pelvis, skull is the second most 

important part which aids in gender determination. It 

should be noted, that studies have also found that if both 

skull and pelvis are retrieved from a site, gender can be 

determined with an accuracy of 98%. Besides well 

documented parts of the skull used for sex estimation, 

sinuses play a very important role. Out of the 4 paranasal 

sinuses, frontal and maxillary sinus are being studied 

extensively in the present scenario to assess their role in 

forensics.11-14  

Growth and development of the frontal sinus is regulated 

by genetic and environmental factors and hence it is 

unique for each individual. Because of this it plays an 

important role in identification.15 With the advent of 

technology, the use of radiography to confirm the identity 

of individual has really aided in the field of forensics. 

Frontal sinus radiography has been used since long and 

till date various radiographic techniques along with 

different methods is being used in forensics. 16  
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Kawarai et al.17 in 1999 conducted a study on 20 Japanese 

subjects to volumetrically assess healthy paranasal 

sinuses using 3-dimensional CT imaging modality and 

found that individually and as a whole, paranasal sinuses 

are larger in case of males than females.  

For the present study, 100 males and 100 females with the 

age group above 20 years was taken into consideration 

because frontal sinus attains its full maturity after the age 

of 20 years. Skeletal changes are expected with aging so 

age above 35 years was not considered.  Similar studies 

were conducted by Verma S et al18, Belaldavar C et al19, 

Camargo et.al.20, Maria Priscilla David and Runjhun 

Sexena21. Caldwell’s radiographic view was the choice of 

radiograph for this study because of the following 

reasons:  

(a) Less magnification- forehead (frontal sinus area) is 

kept in close approximation with the film receptor. 

(b) This view gives a clear image of the frontal & 

ethmoidal sinuses without loss of definition by super 

imposition with the petrous ridge of temporal bone.22 

AutoCAD 2010 software was used to calculate an area of 

frontal sinus because it is the most accurate in calculating 

area of irregular shapes, easy, less time consuming and its 

functions are well adapted to any form of shapes and 

structures. The mathematical formula which can be used 

to calculate the area of an irregular shape (Frontal Sinus) 

is the one in which the figure is divided into squares, 

triangles and rectangles and then area of these specific 

shapes is determined to get the final result.23  

Eboh DE et al24 conducted a radiographic anthropometric 

study on 216 X-ray films in Benin city, South-South 

Nigeria. In this study, frontal sinus of subjects aged 20–

91 years was assessed for sex determination. It was found 

that all dimensions were higher in males than in females. 

It was also found that the left side height and width were 

statistically significant (P < 0.05). Verma S et al18 

conducted a radio-morphometric analytical study of 

frontal sinus for gender determination on 50 women and 

50 men aged 20 years and above using 100 Caldwell 

views. Vernier callipers were used for measurements. The 

mean values of variables were greater in men, with total 

area, gender prediction of females as 55.2%, of right area 

and of left area as 55.2%.  

Belaldavar C et al19 in 2014 studied Indian adult 

population for sex determination using frontal sinus 

dimensions. 150 males and 150 females aged between 

18-30 years were considered using 300 digital 

postero-anterior view radiographs. The measurements 

were carried out Adobe® Photoshop® CS3 extended. The 

results depicted that the mean values of the frontal sinus 

height, width and area are greater in males as compared to 

females with right frontal sinus area larger than the left 

sinus area. 

In this study mean frontal sinus area was found to be 1.01 

in males and 0.976 in females which was found to be 

statistically insignificant with p value of 0.679. Studies by 

Eboh DE et al24, Belaldavar C et al19, Camargo et.al.20 

Rubira-Bullen et.al.22 Cristiane Regina Ruiz and Nader 

Wafae25 measured area of frontal sinus using Caldwell’s 

radiograph. All these studies showed males had larger 

frontal sinus area as compared to females, which was not 

in accordance with the present study. This variation in 

results could be because of geographic variations, 

standardization of Caldwell’s radiograph and also 

nonspecific mathematical formula which has been used in 

other studies. 

Maxillary sinus, although a hollow space found in our 

skull, is extensively being studied in field of forensics. It 

has been concluded that in fragmented remains, if 

maxillofacial area is found, this sinus remains intact and 

is helpful in determining sex of the unknown entity. 

Nowadays, various radiographic techniques are being 
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used to study and assess volumetric measurements 

(height, length, breadth) of the sinus, namely, 

conventional techniques, Computerized tomography, 

Cone beam CT etc. For measurements, vernier callipers, 

ADOBE, photoshop, AutoCAD software etc are being 

used. In the present study a routine extra-oral radiograph, 

lateral cephalogram, was used. All the lateral 

cephalometric radiographs were taken using a 

standardized technique. This technique included patient’s 

sagittal plane parallel to the film with the teeth in centric 

occlusion and lips relaxed. The head position was 

stabilized by gently inserting bilateral ear rods into the 

external auditory meatus. The Frankfort horizontal plane 

of the patient was adjusted parallel to the floor. 

Vidya et al.26 in 2013 conducted a gender determination 

study on 30 dry skulls of south Indian origin using 3D 

computerized tomography. The study depicted height, 

length, width and volume of maxillary sinus of males 

were slightly more compared to females.  

Kanthem RK et al27 in 2015 studied 17 male and 13 

female patients who visited outpatient department by 

making patients undergo plain CT and using SYNGO 

software for measurements of maxillary sinus. It was 

concluded that maxillary sinus volume showed 

statistically significant results with a higher percentage of 

sexual dimorphism, 

Cristhiane Leão de Queiroz et al28 in 2016 conducted a 

study on the panoramic radiographs of 32 male and 32 

female subjects for sex determination and to evaluate 

dimensions of adult human maxillary sinuses on these 

radiographs. Subjects included in the study were 20 years 

or older in age. A statistically significant difference in the 

height and width of maxillary sinuses between males and 

females concluded that panoramic radiographs can be 

used to determine the gender.  

Dangore-Khasbage S, and Bhowate R29, in 2018 analyzed 

CT scans of 200 patients (100 males, 100 females). The 

mean of the mediolateral, supero-inferior and 

anteroposterior dimensions, volume and antero-lateral 

angle of the right and left maxillary sinuses had 

statistically significant difference between males and 

females with an overall accuracy of 86%.  

Hence, the results of the present study are in accordance 

with those of Vidya et al.26, Kanthem RK et al27, 

Cristhiane Leão de Queiroz et al28 and Dangore-Khasbage 

S, and Bhowate R29. On the other hand, Praveen et al30 

and Urooge and Patil31 conducted studies and found that 

maxillary sinus did not show any statistically significant 

difference in measurements and therefore cannot be used 

for gender determination. Various studies show that 

different growth rates result in increased cranial 

measurements in males as compared to females.10  

Conclusion 

Varied studies have been caried out in the field of 

forensic odontology keeping in consideration the sinuses. 

In the present study maxillary and frontal sinus were 

compared and studied to check their accuracy for 

determination of sex. It should be noted that this type of 

comparative analysis has not been done previously. But 

when the present study was compared with other 

individual studies, it was observed that their results 

showed variation because of geographic and sample 

quantitative differences. Maxillary sinus area, was found 

to be statistically significant while frontal sinus area did 

not show any sexual dimorphism. However. further 

studies should be carried out on larger sample to quote 

more definitive values and for a strong base for future 

research. Our study is added to set a definitive trial to 

compare sinuses for sex determination and to justify the 

role of each in forensic odontology. 
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Legend Figures and Tables  

 
Fig 1: Frontal sinus morphometric analysis. 

 
Fig 2: Maxillary sinus morphometric analysis. 

Table 1: Showing descriptive statistics of Right, Left and Total area of frontal sinus 

Group statistics 

 Sex  N Mean Std. Deviation 

Frontal Sinus-Right side Area Male 100 .506271 .3423067 

Female 100 .500989 .2826165 

Frontal Sinus-Left side Area Male 100 .510125 .2436356 

Female 100 .475181 .2698732 

Frontal Sinus-Total Area Sqcm Male 100 1.016396 .5859423 

Female 100 .976170 .5524897 

        p value -0.679; Non-Significant 
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Table 2: Showing Discriminant functional analysis: Area Of Maxillary Sinus. 

Group statistics 

Sex code Mean S D 

Female 100 1.36674 .220101 

Male 100 1.65260 .224418 

Total 200 1.50967 .263332 

p value-0.0001; Significant 

This table shows the gender wise descriptive statistics of parameter Area (cm2), Where SD = Standard Deviation 

Table 3: Showing Classification Results of Area of Maxillary Sinus 

Classification Results 

  Sex code Predicted Group Membership Total 

  Female Male 

Original Count Female 88 12 100 

Male 24 76 100 

% Female 88 12 100.0 

Male 24 76 100.0 

a.  82.0% of original grouped cases correctly classified. 

Where % = Percentage

 


