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Abstract
Background and Objectives: The cranio-facial structures have the advantage of being composed largely of hard tissue 
which is relatively indestructible. The frontal sinus is as unique to each individual as a fingerprint, even to monozygotic 
twins. The present study was conducted to evaluate frontal sinus as an aid in personal identification. Methods: The study 
was conducted among 200 subjects (100 males and 100 females). Posteroanterior radiographs were taken using KODAK 
8000 C Digital Panoramic and Cephalometric system and digital measurements made using Trophy Dicom and Masterview 
3.0 Software. Frontal sinuses were classified and analyzed. Total height and total width of frontal sinus was measured 
according to Tatlisumak and Uthman A T. Inter orbital width was measured according to Ribeiro. Total orbital width was 
measured as an additional parameter. Results: Of the total 200 (100%) subjects we observed uniqueness of frontal sinuses 
in all the 167 subjects with presence of frontal sinus with central septa presence with none being identical and found 
16 subjects with central septa absence, where the mean total height and total width of frontal sinus was measured and 
17 subjects with bilateral absence of frontal sinus, where mean inter-orbital width was measured. Total orbital width 
was considered for the combined 33 subjects. Conclusion: We conclude that frontal sinuses can be used as a potent aid 
in personal identification. The combined use of frontal sinus and orbital measurements can be a valuable, cost-effective 
adjunct to positive human identification.

Introduction
Human beings have come a long way from the early 
caveman age to the present day of covering nothing less 
than astronomical heights to seabed depths. His zeal to 
conquer new heights has created a world full of scientific 
advancement and technology. However, his intelligence 
has also led to a surge in crime rate, terrorism, wars, mass 
disasters, road traffic accidents and dreadful diseases. In all 
such incidents the identity of the deceased, assailant or the 
cause of death becomes important, as the core of various 
investigations are based on these processes1. The cranio-
facial structures have the advantage of being composed 
largely of hard tissue which is relatively indestructible2. 

Radiographic examination of skeletal structures is a 
potentially useful procedure for identification either 
in human remains or in living persons. Frontal sinuses 
are paired lobulated cavities located posterior to the 
superciliary arches in the frontal bone and each frontal 
sinus opens into the corresponding middle meatus via 
the infundibulum. They are not apparent at birth. They 
begin to develop during the second year of life and are 
radiographically visible at 5 years of age. They reach their 
maximum size at the age of 20. The anatomy of the frontal 
sinus remains stable throughout the course of life until 
old age when gradual pneumatisation can occur from 
atrophic changes3. Frontal sinus has great variability and 
its structure does not change after the age of 20 years 
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except very rare occurrences such as fractures, tumors or 
severe infections. It is well-known that the configuration 
of the frontal sinus is unique for each individual and even 
monozygotic twins differ in frontal sinus characteristics4. 

The uniqueness of the frontal sinus for each individual 
gives the opportunity of its use for personal identification 
in forensic medicine. With this background, this study 
was undertaken to examine, measure, classify and analyze 
variations of frontal sinus along with orbital width as 
observed on PA skull view and to assess their combined 
use as an aid in personal identification.

Materials and Methods
This cross-sectional study was conducted at the 
Department of Oral Medicine and Radiology, M. R. 
Ambedkar Dental College and Hospital, Bangalore. The 
study consisted of 200 subjects inclusive of 100 males 
and 100 females between the age group of 25 to 45 years. 
Subjects were selected randomly after obtaining an 
informed consent. 

To ensure the selection of normal healthy individuals, a 
detailed case history was taken. Individuals with systemic 
diseases, syndromes, fractures of the skull and mid-facial 
region and age group below 25 years were excluded from 
the study. Posteroanterior skull views were taken using 
Kodak 8000C Digital Panoramic and Cephalometric 
System (82 Kv, 12 mA, 1.60 seconds) using radiation 
protection protocols as per the guidelines provided by 
the manufacturer of the X-ray unit. The resultant digital 
images were observed, analyzed, measured and classified 
as per Yoshino classification5, Tang et al modifications6, 
Tatlisumak7, Uthman et al’s8 consideration and Ribeiro’s9 
standardization for frontal sinus measurements along with 
Cameriere’s10 modifications for orbital measurements. 
The dimensions of frontal sinus and orbit were measured 
on the radiographs using specially designed Windows 
Trophy Dicom software and analyzed. The following 
parameters were considered.

•	 Central Septa.
•	 The bilateral asymmetry index of height of frontal 

sinus. 
•	 The bilateral asymmetry index of width of frontal 

sinus.
•	 The height superiority of left and right frontal sinus. 
•	 The width superiority of left and right frontal sinus. 
•	 The outline of upper borders of left frontal sinus. 

•	 The outline of upper borders of right frontal sinus. 
•	 The ratio of left frontal sinus width to left orbital width. 
•	 The ratio of right frontal sinus width to right orbital 

width. 
•	 Total height and total width of frontal sinuses. 
•	 Inter-orbital width. 
•	 Total orbital width. 

Each classification of the parameter was given a 
class number according to its variation and frontal sinus 
patterns were described by the combined code numbers. 
Total height and total width of frontal sinus was measured 
according to Tatlisumak et al. According to Ribeiro inter-
orbital width was measured. Total orbital width was 
measured as an additional parameter.

Results
•	 Of 200 (100%) subjects, bilateral absence of frontal 

sinus was observed in 17 (8.50%) subjects, bilateral 
presence of frontal sinus was observed in 153 (76.50%) 
subjects and unilateral presence of frontal sinus was 
observed in 30 (15.00%) subjects. Bilateral absence of 
frontal sinus was observed more in females [12 (12%) 
subjects] than males [5 (5%) subjects].

•	 Of 200 (100%) subjects, bilateral presence of frontal 
sinus was observed in 153 (76.50%) subjects. Among 
them, bilateral presence of frontal sinus was observed 
slightly more in males 80 (80%) than females 73 (73%).

•	 Of 200 (100%) subjects, unilateral presence of frontal 
sinus was observed in 30 (15.00%) subjects. Of 30 
(100%) subjects with unilateral presence of frontal 
sinus, more subjects [21(70%)] had unilateral presence 
of frontal sinus on left side than 9 (30%) subjects who 
had unilateral presence of frontal sinus on right side.

•	 Of 153 (100%) subjects with bilateral presence of 
frontal sinus, central septa was present in 137 (89.55%) 
subjects, while 16 (10.46%) subjects showed absence 
of central septa.

•	 Of the total 200 subjects, we also found 16 subjects 
with central septa absence, where the mean total 
height and total width of frontal sinus was 24.46mm 
and 58.89mm respectively. Of the total 200 subjects, 
we also found 17 subjects with bilateral absence of 
frontal sinus, where mean inter-orbital width was 
28.66mm. Total orbital width was considered for the 
combined 33 subjects that is 16 subjects with absence 
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of central septa and 17 subjects with bilateral absence 
of frontal sinus, the mean being 114.78mm.
Results are explained in Tables (1-15).

Table 1. Frontal sinus presence and absence

Frontal Sinus Number Percentage
Bilateral Absence 17 8.50%
Bilateral Presence 153 76.50%
Unilateral Presence 30 15.00%
Total 200 100%

Table 2. Unilateral presence of frontal sinus

Side of Frontal  Sinus Number Percentage
Left 21 70%
Right 9 30%
Total 30 100%

Table 3. Unilateral absence of frontal sinus

Side of Frontal Sinus Number Percentage
Left 9 30%
Right 21 70%
Total 30 100%

Table 4. Frontal sinus in males

Frontal Sinus
Male

Number Percentage
Bilateral Absence 5 5%
Bilateral Presence 80 80%
Unilateral Presence 15 15%
Total 100 100%

Table 5. Frontal sinus in females

Frontal Sinus
Female

Number Percentage
Bilateral Absence 12 12%
Bilateral Presence 73 73%
Unilateral Presence 15 15%
Total 100 100%

Table 6. Presence and absence of central septa

Central Septa Number Percentage
Presence 137 89.55%
Absence 16 10.46%
Total 153 100%

Table 7. Central septa classification

Central Septa-
Classification Classification Number Percentage

Absent 0 16 10.46%
Present in midline 1 37 24.18%
Sloping to left side 
of midline 2 19 12.42%

Sloping to right 
side of midline 3 29 18.95%

Located in left side 
of midline 4 10 6.54%

Located in right 
side of midline 5 22 14.38%

Crossing midline 
from upper left to 
lower right

6 10 6.54%

Crossing midline 
from upper right 
to lower left

7 10 6.54%

Total 153 100%

Table 8. Asymmetry index of height of frontal sinus

Degree Classifi-
cation

Class 
Number

Number Percentage

Symmetry 
and Almost 
symmetry

100-80 1 59 43.07%

Slight 
asymmetry

80-60 2 42 30.66%

Moderate 
asymmetry

60-40 3 24 17.52%

Strong 
asymmetry

40-20 4 12 8.76%

Extreme 
asymmetry

<20 5 0 0%

Total 137 100%

Table 9. Asymmetry index of width of frontal sinus

Degree Classifi-
cation

Class
Number

Number Percentage

Symmetry 
and almost 
symmetry

100-80 1 58 42.34%

Slight
asymmetry

80-60 2 54 39.42%

Moderate
asymmetry

60-40 3 18 13.14%
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Strong
asymmetry

40-20 4 7 5.11%

Extreme
asymmetry

<20 5 0 0%

Total 137 100%

Table 10. Height superiority of left and right frontal 
sinus

Classification ClassNo Number Percentage
The left frontal 
sinus superiority 
over the Right 
one

Class1 78 56.93%

The right frontal 
sinus superiority 
Over the left one

Class2 55 40.15%

The equivalent 
between bilateral 
frontal sinuses

Class3 4 2.92%

Total 137 100%

Table 11. Width superiority of left and right frontal sinus

Classification Class
Number

Number Percentage

The left frontal sinus 
superiority Over the 
right one

Class1 89 64.96%

The right frontal sinus 
superiority over the 
left one

Class2 42 30.66%

The equivalent between  
bilateral Frontal sinuses

Class3 6 4.38%

Total 137 100%

Table 12. Outline of upper border of left frontal sinus

Classification Class No Number Percentage
Smooth 1 30 18.99%
Scalloped with 2
arcades

2 37 23.42%

Scalloped with 3
arcades

3 44 27.85%

Scalloped with 4
arcades

4 29 18.35%

Scalloped with 5
arcades

5 14 8.86%

Scalloped with 6
arcades

6 4 2.53%

Scalloped with 7
arcades

7 0 0%

Total 158 100%

Table 13. Outline of upper border of right frontal sinus

Classification Class
Number

Number Percentage

Smooth Class 1 36 24.66%
Scalloped
With 2 arcades

Class 2 39 26.71%

Scalloped
With 3 arcades

Class 3 35 23.97%

Scalloped
With 4 arcades

Class 4 21 14.38%

Scalloped
With 5 arcades

Class 5 11 7.53%

Scalloped
With 6 arcades

Class 6 3 2.05%

Scalloped
With 7 arcades

Class 7 1 0.68%

Total 146 100%

Table14. Ratio of left frontal sinus width to left orbital 
width 

Classification Class Number Number Percentage
Greater than or
Equal to1.0 0 36 22.78%

1.0-0.9 1 21 13.29%
0.9-0.8 2 18 11.39%
0.8-0.7 3 27 17.09%
0.7-0.6 4 26 16.46%
0.6-0.5 5 12 7.59%
0.5-0.4 6 11 6.96%
0.4-0.3 7 4 2.53%
0.3-0.2 8 3 1.90%
<0.2 9 0 0%

Total 158 100%

Table 15. Ratio of right frontal sinus width to right 
orbital width

Classification Class Number Number Percentage

Greater than or
equalto1.0 0 21 14.38%

1.0-0.9 1 21 14.38%
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0.9-0.8 2 15 10.27%

0.8-0.7 3 20 13.70%

0.7-0.6 4 28 19.18%

0.6-0.5 5 20 13.70%

0.5-0.4 6 14 9.59%

0.4-0.3 7 3 2.05%

0.3-0.2 8 3 2.05%

<0.2 9 1 0.68%

Total 146 100%

Discussion
The present study included subjects between the age 
group of 25 to 45 years with a mean age of 32.01 years. The 
following age group was selected because frontal sinus 
has great variability and its structure does not change 
after the age of 20 years. Frontal sinuses are not apparent 
at birth. They begin to develop during the second year of 
life and are radiographically visible at 5 years of age. They 
reach their maximum size at the age of 20. The anatomy of 
the frontal sinus remains stable throughout the course of 
life until old age when gradual pneumatisation can occur 
from atrophic changes7.

Absence and Presence of Frontal Sinus
Of 200 subjects (100%), bilateral absence of frontal sinus 
was observed in 17 (8.50%) subjects, bilateral presence of 
frontal sinus was observed in 153 (76.50%) subjects and 
unilateral presence of frontal sinus was observed in 30 
(15.00%) subjects. In otherwise normal individuals, both 
frontal sinuses fail to develop in 4% of the population. 
Several studies conducted on different populations have 
found varying percentages of absence and presence of 
frontal sinuses3, 8, 11–13. If there is persistence of a metopic 
suture, the frontal sinuses are small or absent14. The 
pneumatisation of frontal sinuses varies greatly in size 
and shape, for reasons as yet unknown. During the fetal 
period, the frontal sinus and posterior ethmoidal cells are 
still rudimentary surrounded by cartilage. It is possible 
that earlier ossification of the cartilage will interfere with 
their further development, manifesting as hypoplastic. It 
has also been said that an absence of pneumatisation in 
the frontal bone results in frontal sinus aplasia15.

Unilateral Presence of Frontal Sinus
Unilateral presence of frontal sinus was observed in 30 
(15%) subjects. Of 30 (100%) subjects with unilateral 
presence of frontal sinus, 21 (70%) subjects had unilateral 
presence of frontal sinus on left side and 9 (30%) subjects 
had unilateral presence of frontal sinus on right side. 

Unilateral Absence of Frontal Sinus
Of 30 (100%) subjects with unilateral absence of frontal 
sinus, 9 (30%) subjects had frontal sinus absence 
on left side and 21 (70%) subjects had frontal sinus 
absence on right side. The frequency of bilateral and 
unilateral agenesis of the sinuses in our study differed 
from frequencies reported for most ethnic populations. 
Constitutional (age, gender, hormones and craniofacial 
configuration) and environmental (climatic conditions 
and local inflammations) factors control the frontal sinus 
configuration within each population and contribute to 
the abnormal development of the frontal sinus. There is 
a direct relationship between the mechanical stresses of 
mastication and frontal sinus enlargement and if there is 
a persistence of a metopic suture, the frontal sinuses are 
small or absent. The form of the face and forehead in the 
presence of a metopic suture conforms to the evolutionary 
trend of the skull.

Central Septa 

Presence and Absence of Central Septa
Of 153 (100%) subjects with bilateral presence of frontal 
sinus, central septa was present in 137 (89.55%) subjects, 
while 16 (10.46%) subjects showed absence of central 
septa. Tang et al found central septa absence in 17.6% 
individuals6. Yoshino classification with Jian Pin Tang’s 
modifications for frontal sinus measurements along with 
Cameriere’s modifications for orbital measurements could 
be applicable in our study to 167 out of 200 subjects that 
are those individuals with presence of frontal sinus with 
central septa presence. According to Yoshino and Tang 
et al., class numbers could be awarded for the following 
variables namely, central septa, asymmetry index of 
height of frontal sinus, asymmetry index of width of 
frontal sinus, height superiority of left and right frontal 
sinus and width superiority of left and right frontal sinus. 
Ratio of left frontal sinus width to left orbital width, ratio 
of right frontal sinus width to right orbital width was 
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measured, and class numbers were awarded for these 
variables according to Cameriere.

Classification of Central Septa 
Of 153 (100%) subjects with central septa, 37 (24.18%) 
subjects had central septa located in the midline. 

Asymmetry Index
In this study, the asymmetry index of bilateral sinus areas 
of Yoshino was replaced with the asymmetry indices of 
bilateral sinus dimensions as per Cameriere. In our study 
frontal sinuses were bilaterally symmetrical in height in 
59 (43.07%) subjects (Class 1) bilaterally symmetrical in 
width in 58 (42.34%) subjects (Class 1). From varying 
asymmetry index in other studies it is suggested that 
degree of bilateral asymmetry differs from race to race. 
The frontal sinuses of both sides are asymmetrical in 
configuration as a rule because of unequal resorption of 
diploe during development of the sinuses. As the right 
and left frontal sinuses develop independently, at different 
rates of osseous resorption, a significant asymmetry 
between both sides can arise in the same individual.5

Height and Width Superiority of Left and 
Right Frontal Sinus
In our study, the superiority of area size given by Yoshino 
was substituted by the unilateral superiority of height and 
width as per modification by Cameriere. In the present 
study, we observed that the left frontal sinus height and 
width was superior to the right frontal sinus. Our findings 
are in accordance with previous studies who also found 
left frontal sinus to be superior to right frontal sinus6, 7. As 
the right and left frontal sinuses develop independently 
at different rates of osseous resorption, a significant 
asymmetry between both sides can arise in the same 
individual. The frontal sinus pneumatisation increases up 
to 19 years of age synchronous to craniofacial growth. In 
adult, the individual and left-right variations in size are 
significant and may be caused by inflammatory factors3.

Outline of Upper Border of Frontal Sinus
We observed more subjects with frontal sinuses with 
scalloped outline with 3 arcades, 44 (27.85%) belonging 

to class number 3 on the left side and more subjects with 
frontal sinuses with scalloped outline with 2 arcades 39 
(26.71%) belonging to class number 2 on the right side. 
Our findings were in contrast to the study conducted by 
Tang et al.6.

Ratio of Unilateral Frontal Sinus 
Dimensions to Unilateral Orbit
The ratio of the area size of unilateral frontal sinus to 
unilateral orbit area was replaced with width of the 
unilateral frontal sinus to the unilateral orbit, respectively 
as per Cameriere’s method. We observed 36 (22.78%) 
subjects belonged to class 0 on left side and 21 (14.38%) 
subjects belonged to class 0 and class 1. Our results were 
in agreement with study by Tang et al. 

Guidelines for certain variations in frontal sinuses 
such as bilateral absence of frontal sinus and central 
septa absence have not been clearly established. We did 
not exclude such variations from the study as these also 
are peculiar traits for an individual. Hence to improve 
the identification in such individuals the total height and 
total width of frontal sinus was measured for cases with 
central septa absence as per Tatlisumak and Uthman. 
In cases of bilateral absence of frontal sinus, inter-
orbital width was measured as suggested by Ribeiro. An 
additional parameter of total orbital width was measured 
for individuals with bilateral absence of frontal sinus and 
absence of central septa. We measured total width of 
frontal sinus for those samples where there was absence 
of central septa since Yoshino’s classification was not 
applicable for such individuals. Of 153 subjects with 
bilateral presence of frontal sinus, 16 (10.46%) subjects 
showed absence of central septa. The total height and total 
width of frontal sinus was measured for these 16 subjects. 
The mean total height was 24.46mm and the mean total 
width was 58.89mm. Our measurements were consistent 
with Uthman et al and in contrast to study conducted by 
Tatlisumak et al.

Inter-orbital Width
Inter-orbital width was measured for subjects with bilateral 
absence of frontal sinus as per Ribeiro’s standardizations. 
Inter-orbital width was measured for these 17 (8.50%) 
subjects with bilateral absence of frontal sinus and the 
mean value observed was 28.66 mm.
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Total Orbital Width
Total orbital width was measured for the combined 33 
(16.5%) subjects that are 17 (8.5%) subjects with bilateral 
absence of frontal sinus and 16 (10.46%) subjects with 
absence of central septa and the mean value was 114.78 
mm.

Conclusion
The frontal sinus has long been accepted as an ideal 
structure for individualization, dating back to the 1920s 
due to its inherently variable morphology, permanency 
throughout adulthood, resiliency to damage and 
the moderate availability of adequate antemortem 
radiographs. In the present study out of a total 200 
subjects, for 167 subjects with presence of frontal sinus 
with central septa presence, class numbers were allocated 
in accordance with Yoshino along with modifications 
by Cameriere and Tang et al. We found that all the 167 
subjects revealed distinct combinations of class numbers 
with none being identical. This demonstrates that frontal 
sinus is unique to each individual. Thus, we conclude 
that frontal sinuses are unique to each individual and 
can emerge as a useful paradigm in the evolving front 
of forensic medicine. Orbital morphology can enhance 
the discriminative power of frontal sinus in personal 
identification. We therefore recommend the combined 
use of frontal sinus and orbital measurements as they can 
be a valuable, cost-effective adjunct to positive human 
identification in forensic science.
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