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ABSTRACT

Background: Age estimation and gender determination in victim identification are some of the most common and important
applications of forensic sciences. Radiology can give assistance in this field. The various paranasal air sinuses play a significant role
in this aspect as they tend to remain intact even after mass disasters like explosions and are extremely reliable.

Aim: The aim of this study is to measure the right and left maxillary and frontal air sinus dimensions and their application in age
determination and gender identification.

Materials and Methods: Twenty Posteroanterior (PA) skull radiographs were used for the study. The width, length and distance
across the right and left sinuses were measured using the Planmeca Romexis Viewer software. The data obtained were then
subjected to descriptive and discriminative analysis.

Results: The average area of the frontal sinus was greater in males (2012.59 + 1032.87) than in females (1536 + 932.76). The left
frontal area (2258.03 + 1368.23) was greater than the right (2012.59 + 1032.87) in both males and females. The average distance
across the maxillary sinus was more in females (147.41) than in males (148.14).

Conclusion: Gender determination and age estimation form the most important steps in victim identification especially in cases of
disaster. Both, the maxillary and frontal air sinus dimensions can be very useful in forensic sciences.
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INTRODUCTION

Forensic science is a branch of medicine that can
be described as a mixed science dealing with the
application of science to criminal and civil laws.
The various branches of forensic science include
forensic anthropology, forensic pathology,
forensic odontology, criminalistics, forensic
engineering etc. [1,2]. One of the most important
applications of forensics is person identification,
especially in mass disasters [3]. Even though the
importance of forensic anthropology in victim

identification has been in practice for over a
century, it was first emphasized by American
anthropologist Thomas Dale Stewart in 1970
and has ever since, played a prominent role in
the process of victim identification [4].

Prior to the discovery of X-rays by Roentgen,
dental records were used routinely for person
identification [5,6]. The use of radiology in
the process of victim identification was first
described by Schuller in 1921 [7]. Radiographs
can be used in the gender determination as well
as age estimation [8]. Though there are various
methodsavailable, thereliability ofthese methods
depends to a great extent on the skeletal remains
and also on the inherent sexual dimorphism of
the population [9,10]. The pelvic bone and skull
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show the maximum sexual dimorphism with an
accuracy of over 92% making them suitable
for victim identification [11-13]. In the skull,
comparison of ante-mortem and post-mortem
radiographs of the air sinuses, especially the
frontal and maxillary sinus have been used in
forensic sciences [14].

The maxillary and frontal air sinus remain
intact and stable until gradual pneumatization
causes atrophic changes and even in conditions
wherein the other bones are badly disfigured
[15,16]. The air sinuses are unique to every
individual like fingerprints and hence can be
used for the purpose of gender identification
and age estimation [17]. However, there a
various discrepancy associated with these
methods. Hence, in this study, we attempt to
develop a more reliable technique by analyzing
the dimensions of both, maxillary and frontal air
sinuses to aid in the gender identification and
gender identification in forensic sciences.

MATERIALS AND METHODS

Subjects

A total of twenty Posteroanterior (PA) skull
radiographs (10 men and 10 women) with age
ranging from 19 to 42 were used for this study.
Inclusion Criteria

a) Healthy individuals.

b) Males in the age group of 18 to 45 years.

c) Females in the age group of 18 to 45 years.
Exclusion criteria

a)

Individuals with previous of

orthognathic surgery.

history

Any surgery of the skull.

History and/or clinical characteristics of
endocrinal disturbances.

Subjects with nutritional disorders.

Subjects with history of any hereditary facial
asymmetries.

Statistical analysis

All the obtained data were subjected to
discriminate and descriptive analysis using the
IBM.SPSS statistics software 23.0 Version and
Version 20.0.

The mean age group of the participants
were 30.20 £+ 8.72 (males) and 19.5 + 7.72 in
females. The average area of the frontal sinus
was greater in males (2012.59 + 1032.87)
than in females (1536 + 932.76). The left
frontal area (2258.03 + 1368.23) was greater
than the right (2012.59 * 1032.87) in both
males and females. The average area of the
right maxillary sinus of the males (2562.56
+ 819.68) was lesser than the females (2713
+ 484.08). The average distance across the
maxillary sinus was more in females (147.41)
than in males (148.14). The area of the sinuses
also increased with age.

RESULTS

Measurements

The following measurements were made with
both the air sinuses: Height, Width and distance
across the right and left air sinus (Table 1 to
Tables 5). All the measurements were made
using the Planmeca Romexis viewer software,
Version number 4.5.0.28 (Figures 1a to 1c).

Table 1: Measurements of the Frontal air sinus of male subjects.

Frontal sinus

Right
Age Width Length

29 48.3 331
42 85.3 44.9
31 61.5 51.1
41 54.3 42.2
32 66.9 41.5
19 43.8 24.9
36 54.1 33
19 339 18.9
34 63.4 337
19 45.8 18.2

Area
Male
1598.73
3829.97
3142.65
2291.46
2776.35
1090.62
1785.3
640.71
2136.58
833.56

Left
Width Length Area

49.9 27.9 1392.21
79.2 53.6 4245.12
71.3 56.4 4021.32
51.2 37 1894.4
73.9 49.3 3643.27
339 23.4 793.26
59.4 36.3 2156.22
23.4 17.3 404.82
62.7 449 2815.23

44 27.6 1214.4
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Table 2: Measurements of the maxillary air sinus of male subjects.

Maxillary sinus

Right Left Distance across
Age Width Length Area Width Length Area both sides
MALE

29 44.5 55.2 2456.4 47.9 53.3 2553.07 157.9
42 56.4 47.5 2679 58.1 48.4 2812.04 154.8
31 28.4 65.3 1854.52 51.9 58.1 3015.39 176.9
41 44.5 77 3426.5 35.4 52.8 1869.12 135.7
32 54.6 79.2 4324.32 57.3 77.5 4440.75 167.2
19 34.7 59.5 2064.65 27.2 59.7 1623.84 121.5
36 39 58.7 2289.3 31.7 55.4 1756.18 134.5
19 40 71.1 2844 41.5 53.6 2224.4 150.1
34 35.6 61.4 2185.84 39.6 58.1 2300.76 141.9
19 26.9 55.8 1501.02 45.1 47.6 2146.76 133.6

Table 3: Measurements of the frontal air sinus of female subjects.

Frontal sinus

Age Right Left
Width Length Area Width Length Area
Female

31 47.6 33.1 1575.56 69.6 35.1 2442.96

33 24 34.6 830.4 47.6 38.6 1837.36

15 453 20.4 924.12 56.5 18.1 1022.65

26 69.3 40.7 2820.51 88.2 50.6 4462.92

14 18.9 8.4 158.76 39.6 15.3 605.88

17 57.4 45.5 2611.7 70.6 32.3 2280.38

11 33 32.2 1062.6 33.7 29.7 1000.89

19 51 15.3 780.3 32,6 19.7 642.22

14 53.3 35.9 1913.47 44.1 26.9 1186.29

15 64.8 41.4 2682.72 81.4 26.4 2148.96

Table 4: Measurements of the maxillary air sinus of female subjects.
Maxillary sinus
Right Left Distance across
Age Width Length Area Width Length Area both sides
Female
31 59.8 61.5 3677.7 51.6 58.6 3023.76 171.3
33 57.4 47.5 2726.5 58.9 61.1 3598.79 171.3
15 46.4 57.7 2677.28 46.4 49.8 2310.72 156.1
26 39.9 49.8 1987.02 423 61.1 2584.53 129.8
14 49.1 61.8 3034.38 46.5 71.3 3315.45 143.1
17 40.3 62.1 2502.63 46.9 449 2105.81 147.9
11 34.3 63.4 2174.62 35 54.2 1897 134.6
19 49 55.2 2704.8 34.2 55.6 1901.52 129.6
14 50.8 60.5 3073.4 50.8 70.6 3586.48 138.7
15 51.8 58.6 3035.48 40.7 53.2 2165.24 159.5
Table 5: Mean values of the average area of frontal and maxillary air sinus.
Females Males
Right Left Right Left
Maxillary air sinus 2759.381 2648.93 2562.555 2474.231

Frontal air sinus 1536.014 1763.051 2012.593 2258.025
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Figure 1A: Measurements of the frontal air sinus.

Intra

Cephis) | Photo

Figure 1B: Measurements of the frontal and maxillary air sinus.
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Figure 1C: Measurements of the frontal and maxillary air sinus made using planmeca romexis viewer software.

DISCUSSION form an integral part in this procedure. The

identification from skeletal has found to have

Identification of victims from human skeletal an accuracy rate of 100% in case from a full
remains play a very important role in forensics skeleton, 98% with pelvis and skull, around
[18]. Gender determination and age estimation 95% with pelvis and long bones like tibia and
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80-90% with only the long bones [18-20]. In
conditions where the bones are also destroyed,
sinuses remain intact and hence, can be used for
person identification [21]. However, a combined
technique of using both, the maxillary as well
as the frontal air sinus will be more reliable in
the process of gender determination and age
estimation of individuals.

In our study, the left frontal sinus area [mean =
2258.0250 * 1368.28] was found to be greater
than the right in both males and females. The
development of the right and left sinuses are said
to be independent of each other and hence, could
be the reason behind the difference in the overall
area [22].

The overall area of the frontal sinus was greater
in males [mean=2012.59 + 1032.87] than in
females. This can be related to genetic factors
and that, males usually have a larger sinus area
in comparison with females [23].

The Maxillary sinus area as well as the
intermaxillary distance across the maxillary
sinus in females [sinus area means=5408.311;
intermaxillary distance mean= 147.41] was
greater than in males [sinus area mean=5036.79;
intermaxillary distance=148.14]. This may be
due to the unequal age distribution among our
study groups. Most of the female participants
in our study were around the pubertal growth
period which is the stabilisation time for these
paranasal air sinuses [24].

In this study, the sinus area of both maxillary and
frontal air sinus increased in both the groups
with age [mean=2660.285]. This is because as
age advances, the resorption of bone around the
sinus is more resulting in a greater sinus area
[25].

The limitations of our study were a small sample
size and unequal age distribution. Further
studies on a larger population and with an equal
age distribution would give us a better insight
into this field.

CONCLUSION

Gender determination and age estimation form
the most important steps in victim identification
especially in cases of a mass disaster. Thus, by
this study, we conclude that the maxillary and
frontal air sinus can be useful in age and gender
identification.
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