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Abstract
Background: The importance of frontal sinuses in Forensic Radiology has been well documented. Literature revealed 
few studies on the morphometric analysis of frontal sinuses on paranasal radiographs in sex determination. This initiated 
this radiographic study with the aim of analysing the dimensions of the frontal sinuses through digital PNS radiographs 
for gender determination. Materials and Methods: The study group comprised 150 healthy adults of either gender 
over the age of 20 years. One paranasal sinus radiograph was made for each patient using the standardized radiographic 
technique. Digital measurements of the height, width and area of the frontal sinuses were recorded using AutoCAD 2014 
software. The data collected was subjected to statistical analysis. Results: This study found an accuracy rate of 68.6% 
for sex determination through paranasal sinus radiographs. It was noted that the right height of the frontal sinus was a 
better predictor than any other parameter assessed for identifying the gender. Conclusion: From the present study, we 
conclude that the dimensions of frontal sinuses on PNS views can be used as an essential tool for gender determination in 
forensic sciences.

Introduction
Forensic Radiology encompasses the performance, 
interpretation, and reporting of those radiological 
examinations and procedures that deal with the courts 
and/or the law1. Radiographic identification is beneficial, 
as radiographs are simple, easy and quick modes of 
procuring information. They are also economical when 
compared to DNA techniques2. 

The frontal sinus is one of the four paranasal sinuses 
that are present within the frontal bone. It is very useful in 
forensic identification as its structure is highly variable and 
unique to each individual3,4. Schuller in 1921 for the first 
time compared ante mortem and post mortem radiological 
images of the frontal sinuses for personal identification5. 
This paved the way for numerous radiographic studies on 
the frontal sinuses in forensic sciences.

The majority of the radiographic studies in the past 
have employed Caldwell views, PA views and CT scans 
to assess the morphology of the frontal sinuses3,6-12. 
These studies have concluded that there is a remarkable 

variation in the size and shape of the frontal sinuses 
based on gender. The frontal sinus has been found to be 
larger in males than in females, reasserting the inimitable 
characteristics and importance of these sinuses in the 
identification of an individual’s gender7,13,14.

Very few studies have been performed to determine 
the gender of an individual through morphometric 
analysis of the frontal sinuses on the frequently prescribed 
paranasal sinus view. The lack of such noteworthy 
research prompted this radiographic study with the 
aim to analyse the dimensions of the frontal sinuses 
through digital paranasal sinus radiographs for gender 
determination.

Materials and Methods
The study group comprised 150 healthy adult patients 
of either gender above 20 years of age who were selected 
by simple random sampling. Patients with a history of 
trauma, orthodontic treatment, or cranio maxillofacial 
surgery, systemic diseases, endocrine disorders and 
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patients with known intrinsic or extrinsic paranasal 
sinus diseases were excluded from the study. The 
institution’s ethical clearance was obtained prior to 
the conduct of the study. Following a brief clinical 
examination, one digital paranasal sinus view for each 
of the study subject was made with the PLANMECA 
Proline XC machine using standard technique. The 
exposure parameters were standardised at 68kvp, 5ma 
and 17sec. The height, width and area of frontal sinus 
were digitally assessed using AutoCAD 2014 software. 
In order to standardise the morphometric assessment of 
the sinuses on the images acquired, a radiographic base 
line at the supraorbital ridge was used to determine the 
height and the margins of the frontal sinus were used to 
define the maximum width (Figure 1). The observations 
pertaining to the frontal sinuses were entered in the 
subjects’ proformas. The data collected was tabulated 
and subjected to statistical analysis namely Shapiro 
Wilk, Mann Whitney U, Wilcoxon Sign Rank test and a 
logistical regression study using with Statistical Package 
for Social Science (IBM SPSS version 22) for Windows 
to obtain the results.
•	 Orange line - Base line for measurement of both right 

and left frontal sinus (supra orbital ridge)
•	 Yellow line - Maximum Height of Right Frontal sinus
•	 Green line - Maximum Width of Right Frontal sinus
•	 Red line - Area of the Right Frontal sinus

Results
The total sample size of the study was 150, consisting 
of 75 males and 75 females. It was observed that out of 
150 patients, 140 (93.3%) had bilateral frontal sinuses, 
8 (5.3%) had unilateral frontal sinuses and 2 (1.3%) 
had a complete absence of frontal sinuses. Of the 150 
radiographs procured, 10 were thus excluded from this 
study due to unilateral or bilateral absence of the frontal 
sinuses (Graph 1).

Graph 1.  Percentage of presence of bilateral, unilateral or 
absence of frontal sinus.

Males had larger dimensions of frontal sinuses (right 
and left) than females. The mean values of the left frontal 
sinus in males were higher than the mean values of the 
left frontal sinus in females. The mean dimensions of the 
left frontal sinus in males for height, width and area were 
30.75mm, 18.51mm and 620.11mm2 respectively, and for 
the right sinus, the values were 20.82mm, 24.96mm and 
508.67mm2 respectively. The mean dimensions of the left 
frontal sinus in females for height, width and area were 
27.79mm, 15.28mm and 533.39mm2 respectively, and for 
the right sinus, the values were 16.93mm, 22.01mm and 
432.83mm2 respectively (Table 1).

Overall, the height of the left sinus is significantly 
greater as compared to the right sinus (p < 0.05%). The left 
sinus had a mean height of 29.34mm (8.75) whereas the 
right sinus had a mean height of 18.96mm (6.45) Overall, 
the width of the right sinus is significantly greater than 
that of the the left sinus (p < 0.05%). The left sinus had a 
mean width of 16.96mm (6.36) whereas the right sinus 
had a mean width of 23.55mm (10.62) Overall, the area 
of the left sinus is significantly larger as compared to the 
right sinus (p < 0.05%). The left sinus had a mean area of 
578.61mm2 (238.50) whereas the right sinus has a mean 
area of 472.38mm2 (198.03) (Table 2).Figure 1.  Measurements of frontal sinus.
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Table 3. �Logistic regression combining all the variables

B P-value Odds Ratio
95% C.I. for Odds ratio Percentage of correct 

classificationLower Upper

Left height -.03(0.05) 0.55(NS) 0.97 0.87 1.07

68.6%

Left width -.08(0.05) 0.12(NS) 0.92 0.83 1.02

Left area .002(0.002) 0.46(NS) 1.00 0.99 1.01

Right height -.13(0.04) 0.007* 0.88 0.80 0.97

Right width -.01(0.03) 0.75(NS) 0.99 0.92 1.06

Right area 0.002(0.002) 0.39(NS) 1.00 0.99 1.01

Constant 3.06(.94) 0.001* 21.27

Variable(s): left height, left width, left area, right height, right width, and right area. Model chi- square value = 19.54, p = 0.003; -2 Log 
likelihood- 174.28; Cox and Snell R Square = 0.13; Nagelkerke R Square = 0.17; *P < 0.05 statistically significant p > 0.05 non-significant, NS

Table 1. � Gender wise comparison of the frontal sinus measurements (Mann Whitney U test)

Sex Mean (SD) Mean 
difference

95% CI of difference
U statistic p-value

Lower Upper
Left height Male 30.75(7.90)

2.96 0.06 5.85 1816.00 0.009*
Female 27.79(9.41)

Left width Male 18.51(5.66)
3.23 1.17 5.30 1627.00 0.001*

Female 15.28(6.69)
Left area Male 620.11(211.86)

86.72 7.98 165.45 1850.00 0.01*
Female 533.39(258.56)

Right height Male 20.82(6.47)
3.89 1.83 5.96 1647.00 0.001*

Female 16.93(5.83)
Right width Male 24.96(10.19)

2.95 -0.57 6.48 2026.00 0.08(NS)
Female 22.01(10.94)

Right area Male 508.67(188.94)
75.84 10.59 141.09 1882.00 0.01*

Female 432.83(201.50)

*P < 0.05 statistically significant, P > 0.05 non-significant, NS

Table 2. �Overall differences in measurements of frontal sinus (Wilcoxon Sign Rank test)

N Mean(SD) Mean difference
95% CI of difference

Z p-value
Lower Upper

Overall Left height 140 29.34(8.75)
10.37 8.75 11.99 -9.12 <0.001*

Right height 140 18.96(6.45)
Left width 140 16.96(6.36)

-6.58 -8.15 -5.011 -6.62 <0.001*
Right width 140 23.55(10.62)
Left area 140 578.61(238.50)

106.23 71.29 141.16 -5.46 <0.001*Right area 140 472.38(198.03)

Wilcoxon Sign Rank test *P < 0.05 statistically significant, P > 0.05 non-significant, NS
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When logistical regressions for individual parameters 
were carried out, the accuracy rate for correct classification 
for left height, width area was 62.1%, 63.6% and 58.6% 
respectively, whereas for right height, and area was 64.3% 
and of 57.9% respectively. It was observed that the model 
including right width as a predictor does not provide 
a significant fit to the data (p > 0.05). For determining 
whether an individual is male or female, right height was 
a better predictor than any other parameter. After relating 
all the variables, an accuracy rate of 68.6% for the correct 
classification of an individual as male or female was 
achieved (Table 3).

Discussion
Numerous studies have highlighted the importance of 
the radiographic measurements of frontal sinus in gender 
determination. The radiographic techniques employed 
have ranged from conventional Caldwell views to the 
more advanced computed tomographic techniques. The 
majority of these studies have highlighted the uniqueness 
of the frontal sinuses in every individual.

In the present study, it was observed that out of 150 
patients, 140 (93.3%) had bilateral frontal sinuses, 8 
(5.3%) had unilateral frontal sinuses and only 2 (1.3%) 
had a complete absence of frontal sinuses and sex 
differences in size were also observed. On the contrary, 
a study conducted by Chrtstine. Hanson and Douglas w. 
Owsley on 143 Eskimo skulls showed variations in the 
results. There were no sex differences in the size of the 
sinuses, which were small and bilaterally absent, which 
could have resulted from variations in the population 
studied and the radiographic technique used15.

Although this study used the paranasal sinus view 
which has been less employed for gender determination 
purposes, the mean values of the measurements assessed 
were significantly higher in males (p < 0.05%) as compared 
to females which are in accordance with Comargo JR, et 
al.,10 Jose Marcos Pond, et al.,16 Mathew K Lee, et al.,17 
Twana Muhammad Raoof, et al.,18 Hemant Mathur, et 
al.,19 Chetan Belaldavar, et al.,20 and Neha Garg, et al21.

In the present study comparing left sinus dimensions 
between males and females, males had a significantly 
higher, wider and larger (p < 0.05) left sinus as compared 
to females. On comparing right sinus dimensions between 
males and females, males had a significantly higher and 
larger (p < 0.05) right sinus as compared to females, which 
is in accordance to Camargo JR, et al.,10 Rubira-Bullen, et 

al.,22 Twana Muhammad Raoof, et al.,18. Whereas another 
finding that was observed in the present study was that 
the difference in right sinus width in males as compared 
to females was not statistically significant (p > 0.05). This 
result is not in accordance with the inferences by, Chetan 
Belaldaver, et al.,20 and Neha Garg, et al21. This variation 
of results could be due to geographic variation, different 
radiographic projection, the age limit followed in their 
study, and the sample size. 

The logistic regression analysis in the present study 
showed that the accuracy rate in correct classification 
using all the variables was 68.6% and it ranged from 
57.9% to 64.3% when individual variables were used. Of 
all the variables used, right height was found to be a better 
regressor and provided an accuracy rate of 64.3%. These 
results are in accordance with the studies conducted by 
Camargo, et al.,10 Beladavar, et al.,20 Neha Garg, et al.,21 
which reported accuracy rates of over 50%.

In the present study, no emphasis was given on the 
shape of the frontal sinus; only its height, width and area 
were focused on for sex determination. As the study was 
exclusively conducted on the western UP population, 
inter-racial differences cannot be concluded. The 
current study demonstrates that in a specific population, 
obtaining an average range of morphometric values of 
the frontal sinus can be a useful tool for determining an 
individual’s sex. 

In conclusion, the results of this study indicate that 
the radiographic dimensions of the frontal sinuses can 
be utilised as a dynamic tool in determining the gender 
of an individual. The present study is distinctive in that 
a paranasal sinus view has been employed to study the 
height, width and area of the frontal sinus. In our study, 
however, emphasis was not laid on the shape of the 
frontal sinuses. Further studies on paranasal sinus views 
with additional parameters such as shape of the sinus, 
inter-racial differences, and a larger sample size would 
aid in justifying our findings and providing a simple, 
economical and unique system for gender identification.
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