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ABSTRACT
Aim: To evaluate the efficacy of the frontal sinus as an indicator for personal identification
Objectives:
1)  To determine the presence or absence of symmetry of frontal sinus in each individual and draw comparison between males 

and females
2)  To determine the number of lobes of frontal sinus in each individual and draw comparison between males and females
3)  To determine the overall dimensions of frontal sinus in each individual and draw comparison between males and females
Materials and Methodology: Paranasal sinus view radiographs of sixty four volunteers visiting the hospital’s outpatient de-
partment were randomly selected and the frontal sinuses were analysed using GIMP (GNU Image Manipulation Program) 2.0 
software, based on Ribeiro Fde’s measurement criteria.
Results: The overall dimensions of the frontal sinus were greater in males as compared to females, with statistically significant 
difference. Bilateral symmetry of frontal sinus was seen in 55 individuals, while asymmetry was observed in 9 individuals, out of 
which right dominant asymmetry was found in 6 individuals and 3 volunteers had left dominant frontal sinus. Twenty seven indi-
viduals showed less than or equal to four number of lobes, while thirty seven individuals had greater than or equal to five lobes. 
No cases of unilateral aplasia or complete aplasia were observed.
Conclusion: The frontal sinus displayed uniqueness in different individuals and can be used as a valuable aid in terms of per-
sonal identification.
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INTRODUCTION

Forensic dentistry is the sub specialty of dentistry that merg-
es the science of dentistry with the subject of forensics to 
deal with matters pertaining to legal interest, be it cases of 
mass disasters or property related disputes. Forensic dentist-
ry initially involved exploiting the uniqueness of the human 
dentition, dental restorations, and other intraoral details for 
identification purposes, but is slowly evolving into a more 
comprehensive and detailed practice. Fingerprint analysis, 
DNA profiling, anthropological methods, and other tech-

niques can facilitate personal identification. 1 However, in 
cases where the soft tissues of human remains have decom-
posed, or where DNA is damaged, fingerprint analysis or 
DNA identification does not seem to be of much use. In such 
a scenario, anthropological methods are preferred, of which 
comparative radiography forms a major part.2

Uniqueness of anatomical structures and specific variations 
in their morphology provide the foundation stone for foren-
sic identification of unknown deceased persons. Among the 
four paranasal sinuses, namely, maxillary, frontal, ethmoidal, 
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and sphenoidal, frontal sinus has been a topic of significant 
forensic interest, owing to its unique presentation in each 
individual.3,4Frontal sinuses are highly variable in size, rang-
ing from a few cubic centimetres to almost the whole area 
of the frontal lobe, with an average height of 24.3 mm and 
an average extent of 29mm from the midline to the lateral 
wall of the sinus.5 The significance of these sinuses in per-
sonal identification has time and again been emphasized by 
anatomists, radiologists, as well as anthropologists who have 
stated that no two frontal sinuses are alike.6 Studies have 
been done to utilize sinus radiography for the identification 
of remains 7 as well as determination of sex and race. 8 The 
current study was undertaken to study the frontal sinus vari-
ations in individuals and to propose its feasibility as a per-
sonal indicator in forensic dentistry.

METHODOLOGY

The current study was carried out in the Department of Oral 
Pathology and Microbiology, ESIC Dental College and Hos-
pital, New Delhi, after acquiring clearance from the insti-
tute’s ethical committee. Paranasal sinus view radiographs 
of sixty four volunteers visiting the hospital’s outpatient de-
partment were randomly selected and evaluated. The sam-
ple comprised of thirty eight males and twenty six females 
within the range of twenty to fifty years, with no history of 
orthodontic treatment, maxillofacial surgery, trauma, endo-
crine disturbances, nutritional disorders or any marked facial 
asymmetry. The radiographs were taken by the same radiolo-
gist at 70 kVp, 20 mA, and an exposure time of 3 seconds. 
The radiographs were then observed and frontal sinuses were 
analysed by a single trained observer using the GIMP 2.0 
software, with the help of radiographic tracings, based on the 
following criteria:

•	 Absence or presence of bilateral symmetry
•	 Number of lobulations, based on the indentations 

present on the sinus outline
•	 Greatest height of each frontal sinus
•	 Greatest width of each frontal sinus

In all the radiographs, the border lines of the frontal sinus 
were based on Ribeiro Fde’s measurement criteria (Fig. 1). 
9 The reference lines and measurements used are as follows:

•	 Reference base line : a line passing through the supe-
rior border of orbit (A)

•	 Distance between the upper limit of the orbits and the 
highest point of the right frontal sinus (B)

•	 Distance between the upper limit of the orbits and the 
highest point of the left frontal sinus (C)

•	 Line marking the maximum lateral limit of the right 
frontal sinus (D)

•	 Distance between the lateral most boundary of the 
right frontal sinus and the line passing upwards along 
the nasal septum (E)

•	 Line marking the maximum lateral limit of the left 
frontal sinus (F) 

Distance between the lateral most boundary of the left fron-
tal sinus and the line passing upwards along the nasal septum 
(G)

RESULTS

The data was compiled using Microsoft Excel Spreadsheet 
and subjected to statistical analysis using Statistical Pack-
age of Social Sciences (SPSS).Version 20. Shapiro Wilk’s 
test was done to determined normality of the data. Data 
was found to be normally distributed, thus parametric tests 
were done. Unpaired T-test was done to compare the height 
and width of the sinus among male and female groups. Chi 
square test was used to find out if there was any statistically 
significant difference in symmetry and number of lobes in 
the sinus of males and females.

The measurements of the study reveal that the overall dimen-
sions of the frontal sinus were greater in males as compared 
to females. On applying the unpaired t test for comparing the 
width and height of the sinuses in both the genders, the re-
sults were statistically significant (P value < 0.05). (Table 1)

Bilateral symmetry of frontal sinus was seen in 55 individ-
uals, i.e., 31 males and 24 females, while asymmetry was 
observed in 9 individuals (7 males and 2 females), out of 
which right dominant asymmetry was found in 6 individuals 
and 3 volunteers had left dominant frontal sinus. Chi square 
test was applied on the aforementioned data and the result 
between both the genders was not statistically significant (P 
value > 0.05). (Table 2)

Twenty seven individuals showed less than or equal to four 
number of lobes, while 37 individuals had greater than or 
equal to five lobes. The results were statistically insignificant 
when Chi square test was applied to compare the number of 
lobes as recorded for both the genders. (P value > 0.05) (Ta-
ble 3) No cases of unilateral aplasia or complete aplasia were 
seen in the population under study.

DISCUSSION

The application of X-ray in the field of forensics was in-
troduced by Professor Arthur Schuster in 1896, for demon-
stration of the presence of bullets inside a victim’s head.10 
Schüller was the first person to propose the utilization of 
the radiographic images of the frontal sinuses for the pur-
pose of identification, while Culbert and Law were the first 
to describe the complete process of radiological identifi-
cation using the pneumatic spaces found within the skull. 
11,12,13
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The uniqueness of the anatomy of the frontal sinus makes it 
a helpful aid in forensic dentistry. These sinuses are consid-
ered similar to fingerprints, owing to the fact that each fron-
tal sinus is distinctive and unique.2There are various factors 
that make the frontal sinus a reliable indicator for personal 
identification:

• It is a highly variable anatomical structure, with even 
the frontal sinuses of monozygotic twins showing 
considerable difference 8

•	 It is considered to be relatively stable during the adult 
life until old age, when pneumatisation may occur 
owing to atrophic changes 14

• It has strong surrounding walls and is found to be in-
tact in human remains. Being posterior to the thick 
outer table of frontal bone further enhances its sta-
bility.15 It has been reported that approximately 800-
1600 foot pounds of force is required to fracture the 
walls of the frontal sinus, as can be seen in victims of 
high impact accidents or gunshot injuries.16,17

The morphology of the frontal sinuses remains practically 
unchanged during one’s entire adult life, although some en-
vironmental factors can modify its structure, such as hyper-
pneumatization from sports activities, illnesses, infections, 
tumours or trauma, among others. It has been reported that 
the frontal sinuses are smaller and more scalloped in fe-
males.18,19 The results of the present study revealed that the 
dimensions of the frontal sinus are greater in males as com-
pared to females, which seems to agree with the results of the 
studies carried out by Chaudhary and Singh, and Ponde et 
al.1,18 Symmetry was seen in 85.9% of the cases under study, 
while the percentage of people with bilateral frontal sinus 
symmetry was comparatively lower in the study conducted 
by Chaudhary and Singh1, and David and Saxena10, with 
62% and 58% of the individuals showing symmetry respec-
tively. The results were significantly lower for the study con-
ducted by Tang et al on Japanese population with only 43.1% 
showing bilateral symmetry. [19] Asymmetry was observed in 
14.1% of the patients, while it was reported to be 30% and 
56.6% in the studies conducted by Chaudhary and Singh, 
and Tang et al respectively.1,19 No cases of sinus aplasia were 
observed in the present study, as opposed to Kullman who 
reported frontal sinus absence in 5% of the cases.20

The method used for frontal sinus analysis is quite easy and 
can be easily employed by a general dentist as well. Parana-
sal sinus view radiographs are quite commonly recorded for 
diagnostic purposes and require equipment that are gener-
ally available in a hospital set up, thus making its application 
quite feasible. Certain limitations related to the use of frontal 
sinus a tool for personal identification do exist. Frontal sinus 
has been reported to be affected by environmental as well as 
genetic factors. Growth hormone or somatotropin has also 
been stated to affect the sinus morphology.[6] Errors may also 
occur due to slight differences in the radiographic technique 

used by different operators, which may be overcome by re-
stricting the use to a single operator.

CONCLUSION

The study undertaken revealed that the frontal sinuses of the 
sixty four volunteers did not match and it was concluded that 
frontal sinus displayed uniqueness in different individuals 
and can be used as a valuable aid in terms of personal identi-
fication. The method used was very simple and can be easily 
applied by any general dental practitioner. The radiograph 
required for the study, i.e., paranasal sinus view, can be eas-
ily obtained. However, establishing the authenticity of the 
frontal sinus as a personal indicator requires further studies 
on larger samples, with the implementation of other param-
eters such as age.
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Table 1: Comparison of width and height of sinus of males and females
Dimensions Gender N Mean Standard 

Deviation
Confidence 

Interval – Lower 
Bound

Confidence 
Interval – 

Upper Bound

P-value

Mesiodistal width (Right) 
in mm

MALE 38 32.43 7.804 2.3023697 9.8429744 0.002*

FEMALE 26 26.36 6.787

Mesiodistal width (Left) 
in mm

MALE 38 30.774 8.0609 1.4032029 9.7980116 0.010*

FEMALE 26 25.173 8.523

Height (Right) in mm MALE 38 20.218 7.29 -.2627929 6.4457888 0.070*

FEMALE 26 17.127 5.4

Height (Left) in mm MALE 38 20.526 7.276 1.2515945 7.9933448 0.008*

FEMALE 26 15.903 5.524

*Statistically significant

Table 2: Comparison of symmetry between male and female groups
Gender
Bilateral Symmetry
Right Dominant

Symmetry Total P value

Left Dominant

Male Number 31 4 3 38 0.301

% 81.6% 10.5% 7.9% 100.0%

Female Number 24 2 0 26

% 92.3% 7.7% 0.0% 100.0%

Total % Number 55 6 3 64

85.9% 9.4% 4.7% 100.0%
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Table 3: Comparison of number of lobes between male and female groups
Gender
Less than or equal to 4

Number of Lobes Total P-Value

Greater than or equal to 5

Male Number 14 24 38

0.215
% 36.8% 63.2% 100.0%

Female Number 13 13 26

% 50.0% 50.0% 100.0%

Total Number 27 37 64

% 42.2% 57.8% 100.0%

Figure 1: PNS View radiograph showing markings based on RibeiroFde’s measurement criteria.


