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Background: Frontal sinuses are pneumatic cavities that radiologically revealed in 5 or 6 years old and completed in 20 years old. 
Comparison of the frontal sinus has significant value to establish identification. The purpose of this study was to comparison of 
frontal sinus and assessment of right and left frontal sinus volume according to gender by using Multi Detector CT scan (MDCT).

With this background, this study was undertaken to examine and classify variations in frontal sinus and assessment of right and 
left frontal sinus volume according to sex by using CT scan.

Materials and Methods: Sixty five consecutive men’s and women’s patients who underwent paranasal CT scans from September 2014 
to April 2016 were identified from our institutional imaging database. Height, depth, and width of frontal sinuses were measured and 
a cubical approximation of volume determined by using Digimizer Image Analyzer.

Result: Right and left frontal sinus were observed in 44 individuals (67.8%). Right frontal sinus was absent in 6 individuals (9.2%) and 
left frontal sinus was absent in 3 individuals (4.6%). Both of frontal sinus were absent in 9 individuals (13.8%). Right and left frontal 
sinus were not separate (integration) in 3 individuals (4.6%). Lack of frontal sinus frequency was higher in men and sinus integration 
was seen only in women .The average volume in left sinus was significantly higher than the right (P=0.02).  Average volume of both 
the right (P=0.04) and the left (P=0.02) frontal sinus in males were significantly more than females. 

Conclusion: We found that the frontal sinus patterns had considerable individual variation. Right and left frontal sinus volumes were 
variable according to gender by using CT scan.

The paranasal sinuses begin development early in fetal life. The functions of these sinuses are not fully understood, but most 
anatomical literature suggests that they lighten the skull and add resonance to the voice [1-5]. Among the four major sinuses present 
in the human skull, namely, the maxillary, frontal, sphenoidal, and ethmoidal. Considerable forensic interest in identification has 
been shown in the frontal sinus [6-9]. Comparison of the frontal sinus has significant value to establish identification. Frontal 
sinuses are pneumatic cavities that become radiologically evident at the age of five or six years and develop fully by the age of 20 
years [10]. The definitive frontal sinuses are paired, irregular shaped, air-containing chambers, lined by mucoperiosteum and are 
located between the outer and inner tables of the frontal bone, posterior to the super ciliary arches and at the root of the nose [1-3].

Studies have suggested that the frontal sinuses are slightly bigger in males than in females, and the presence of a metopic suture is 
associated with the absence of the frontal sinuses [11,12].

It has been suggested that frontal sinus patterns have a potential to be used as aids for personal identification, age estimation, and 
sexual dimorphism [10,13-17].
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Patients and Methods

This prospective study was institutional review board approved and informed consent was obtained from all patients. Sixty six 
consecutive men’s and women’s patients (average age, 45 years; age range, 35–55 years) who underwent paranasal CT scans from 
September 2014 to April 2016 were identified from our institutional imaging database.

Inclusion criteria were patients with axial paranasal or facial CT scans. Exclusion criteria included patients with incomplete 
imaging, previous cranial injury or surgery, and penetrating trauma.  

All initial CT scans were performed on a 64-detector scanner (Siemens, model; sensation). Imaging of the paranasal CT was 
performed with helical axial reconstructions (140 kVp, 50 mAs): 1mm reconstructed slice thickness; 0.5 mm increment (WW 
3000, WL600) [18].  

Paranasal CT scans were used to measure the dimensions of the frontal sinus. At first, the patient’s upper extremities were kept 
adjacent to the body, Orbito Meatal Base Line (OMBL) was perpendicular to the bed. Area was measured in the axial plane. A 
cubical approximation of volume was determined for each frontal sinus in both gender by plus measurements of area in axial 
planes then plus thickness and increment for each plan then multiplying both sum. Right and left sinuses of each patient were 
compared, too. 

Sixty six consecutive men’s (41 individuals, (63.1%)) and women’s (24 individuals were females (36.9%)) patients who underwent 
paranasal CT scans from September 2014 to April 2016 were identified from our institutional imaging database. Height, depth, 
and width of frontal sinuses were measured and a cubical approximation of volume was determined by using Digimizer Image 
Analyzer (MedCalc Software). At first, unit of measurement was defined then perimeters and areas were measured. We classified 
variations in frontal sinus according to gender by using CT scan:

Results

Right and left frontal sinus was observed in 44 individuals (67.8%) (73.2% of males and 58.3% of females).
Left frontal sinus was absent in 3 individuals (4.6%) (4.9% of males and 4.2% of females) and right frontal sinus was absent in 6 
individuals (9.2%) (4.9% of males and 16.7% of females). 

Likelihood Ratio Chi–Square test Showed that the frequency of the frontal sinus pattern was significantly different between women 
and men (P=0.04).

As the Table 1 shows a lack of frontal sinus frequency is higher in men and sinus integration was seen only in women (Table 2 and 
3).

Study design

Imaging Parameters

Measurement of Frontal Sinus Volume

Both of frontal sinus were absent (bilateral aplasia) in 9 individuals (13.8%) (17.1% of male and 8.3% of female). Right and left 
frontal sinus were not separate (integration) in 3 individuals (4.6%) (12.5% of female)

Total n (%)Females n (%)Males n (%)Frontal sinus patterns

44 individuals (67.8%)(58.3%)(73.2% )Right and left Frontal sinus

3 individuals (4.6%)(4.2%)(4.9% )Absence left Frontal sinus

6 individuals (9.2%)(16.7%)(4.9%)Absence right Frontal sinus

9 individuals (13.8%)(8.3%)(17.1%)bilateral aplasia

3 individuals (4.6%)(12.5 %)0integration

Table 1: Descriptive analysis of frontal sinus patterns

MaxMin Mean± SESide

7.7200.236 1.807±0.196Right sinus

9.4760.273 2.088±0.248Left sinus

Table 2: Average volume of the left and right frontal sinus

Paired t-test showed that the average volume in the left sinus was significantly higher than the right (P=0.02). Pearson correlation 
coefficients showed that there was a direct relationship between the right and left sinus (P<0.001, r=0.813)
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Like fingerprints, sinus patterns are unique for a person. Identification by comparing the frontal sinus radiographs dramatically 
valid because no two people are the same frontal sinus configuration. Apart from radiographs from normal traditional projection 
methods, CT scans of frontal sinus have also been used for identification [9]. However, there are possibilities that the frontal 
sinus being absent altogether. Furthermore, unlike fingerprints, frontal sinuses are affected by pathology such as acute or chronic 
inflammations, some endocrine dysplasia, osteitis, and trauma [6,19].

Discussion

Individuals were selected randomly between the ages 25 and 50 years, due to the fact that the development of the frontal sinus goes 
up to 20 years and comparison for identification must be restricted to persons over the age of 20 years when definite morphology 
is established after a rapid development during puberty [6,20]. In our study, right and left frontal sinus was found in 67.7% of the 
individuals. Only right frontal sinus was observed in 4.6% and only left Frontal sinus was seen in 9.2% of the individuals. Bilateral 
aplasia was found in 13.8%. The results were consistent with those of Krogman, who observed frontal sinus absence in 5% of the 
adults, while Gulisano, et al. observed its absence in 4.8% of the cases [19,21,22]. Frontal sinus was not separate (integration) in 
4.6% of the individuals in our sample. The frequency of the frontal sinus pattern was significantly different between women and 
men (P=0.04).

Lack of frontal sinus frequency was higher in men and Sinus integration was seen only in women.

Independent t- test showed that average volume of both the right (P=0.04) and the left (P=0.02) frontal sinus in males significantly 
more than females

P-valueFemales
Mean± SE 

Males
Mean± SESide

0.041.642±0.4581.884±0.197Right sinus

0.021.738±0.4762.284±0.281Left sinus

Table 3: Shows Average volume of the left and right frontal sinus according to gender

The average volume in the left sinus was significantly higher than the right (P=0.02).There was a direct relationship between the 
right and left sinus (P<0.001, r=0.813) .Average volume of both the right (P=0.04) and the left (P=0.02) frontal sinus in males were 
significantly more than females.
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