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Abstract

Background: Identification of a body is the cornerstone of forensic investigation. If primary
methods of identification are impossible (absence of comparative DNA samples, fingerprints,
and teeth records), it can be performed using radiographic techniques, whenever antemortem
images are available. Visual comparison of antemortem and postmortem images, such as frontal
sinuses radiographics and CBCTs can allow identification. The uniqueness and reliability of
frontal sinus and nasal septum patterns is used for human identification in forensic science.
personal identification can also be done by assessment of pneumatisation of sphenoidal sinus.

Aim & Objectives: This study aims to evaluate the use of frontal sinus and nasal septum
patterns and the pneumatisation of sphenoidal sinus for personal identification. To correlate all
the parameters to find which is more accurate for identifying a person.

Materials & Method: Study Design: A Retrospective Study. Study Population: A study of
90 CBCT images, (45 males and 45 females) acquired from the archives that were generated
using Planmeca Promax 3D MID Proface CBCT machine and assessed with Planmeca Romexis
Software. Sample size: Sample of 90 CBCT images obtained from the archives. CBCT images of
patients between 18 - 69 years of age.

Result: Pearson’s Chi-Square test between gender for frontal sinus were 2=12.659, p=0.005<0.01
which shows highly statistical significance between frontal sinus and gender, for nasal septum
were 2=0.722, p=0.949>0.05 which shows no statistical significance between nasal septum and
gender, for sphenoid sinus were 2=9.574, p=0.008<0.01 which shows highly statistical significance
between sphenoid sinus and gender. But his study had individual variations in frontal sinus,
nasal septum and sphenoid sinus for every person.

Conclusion: Imaging of the human body, especially the head and neck region, has been useful
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INTRODUCTION

he study of anthropometry is of fundamental

importance in identification of a person and
plays a vital role in medico legal investigation of
a dead person. Use of features unique to each
human being helps in personal identification and
is widely accepted in forensics. On comparing the
ante-mortem reports recorded during life time and
post-mortem records, a forensic odontologist can
identify the age at time of death, race and even
sex' by study of the skull’s osteological features.
Personal identification can be done using various
body parts, the skull, the pelvis, the long bones, the
foramen magnum and the paranasal sinuses.?

Inany natural disaster, criminal caseinvestigation
or when the body is burnt or destroyed the body
remains degraded and other biological tools such
as DNA analysis, fingerprint etc., fail to assess the
identification of the body, forensic radiology plays
an important role in personal identification as well
as gender determination.’ Identification of a body is
the cornerstone of forensic investigation. If primary
methods of identification* are impossible (absence of
comparative DNA samples, fingerprints, and teeth
records,”® it can be performed using radiographic
techniques, whenever antemortem images are
available. Visual comparison of antemortem and
postmortem images, such as CTs, Cone beam
computed tomographies (CBCT)” and frontal
sinuses radiographs,® can allow identification,
if concordance of specific anatomical findings is
established. If antemortem radiologic images are
missing, the sex and/ or the age of the corpse can be
assessed using X-ray imaging of skull or postcranial
elements.”*

Structures in human skull such as frontal sinus,
nasal septum, vascular groove patterns, sellaturcica
etc., can act as useful indicators because of their
uniqueness in every individual. Frontal sinus is a
cavity which is lobulated. It is bilaterally situated in
between the external and internal cortical surface
of the frontal bone. It may vary person to person
or even in monozygotic twins. The frontal sinuses
are not even visible at the time of birth."*’> They
gradually develop at the age of two years and the
development completes at the age of 20 years.

The nasal septum pattern is also useful and
unique tool. In each individual many types of
patterns present such as Straight (S'), Left deviated
(L") or Right deviated (R'), Sigmoid type (Si),
Reverse sigmoid type (RSi) and Others (O) (epsilon
and reverse epsilon type; rare types).'¢

Severely damaged bodies can be difficult
to identify, and various factors can delay the
identification.’8In violent traumatic contexts, teeth
and frontal sinuses can be missing, or separated
into small pieces from the rest of the body, which
limits their contribution to identification. Sphenoid
sinuses, on the other hand, are better protected from
traumatic degradation. They appear in the third
year of life, contrary to frontal sinuses, which are
not aerated before the age of 6 years.® As they are
deeply positioned in the center of the cranial base®
they are well protected from degradation resulting
from external causes. Their pneumatization, well
documented as extremely variable in degrees and
directions®?, could contribute to the radiologic
identification of a dead person.?

CBCT is today the reference imaging modality
to study various pathologies and sinuses and it is
frequently and increasingly prescribed in various
countries. Unlike conventional radiography,
CBCT allows an excellent visualization of the
anatomical features of the frontal sinus, nasal
septum and sphenoid sinuses. Sphenoid sinuses
are therefore well protected, anatomically variable,
and perfectly examinable on CBCT s. Their possible
contribution to identification was reported, but to
our knowledge, the accuracy of their forensic use
has not yet been assessed. The aim of this study
was to assess the frontal sinus and nasal septum
patterns and the pneumatisation of sphenoid sinus
in personal identification.

AIM & OBJECTIVES
1

 This study aims to evaluate the
frontal sinus and nasal patterns and
pneumatisation of sphenoidal sinus for
personal identification.

* To identify an individual based on
combined frontal sinus and nasal septum
patterns.

* To identify an individual based on the
sphenoidal sinus pneumatisation.

* To correlate all the parameters to find
which is more accurate for identifying a
person.

MATERIALS AND METHOD

Institutional Ethical Committee of Meenakshi
Ammal Dental College & Hospital, Maduravoyal,
Chennai 600095, India, in its review onlinc meeting
held on 28.09.2021 at 9.00 a.m., reviewed and
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discussed the study proposal with protocol number
MADC/IC/II1/70/2021  Entitled  Significance
of Frontal sinus and Nasal septum patterns and
Pneumatisation of Sphenoidal sinus in personal
identification: A Retrospective cone beam computed
tomography study.

Full skull CBCT images of the patients reported to
the institution for various dental problems taken in
the time period between 2014 - 2021 were acquired
from the dental archives. The scans were generated
using the Planmeca Promax 3D MID Proface CBCT
machine obtained at 90Kvp, 10mA and with large
FOV 13x15 cm.

Study Design: A Retrospective Study.

Study Population: A study of 90 CBCT images,
(45 males and 45 females) acquired from the archives
that were generated using Planmeca Promax 3D
MID Proface CBCT machine and assessed with
Planmeca Romexis

Sample size: Sample of 90 CBCT images obtained
from the archives. CBCT images of patients between
20-65 years of age.

Inclusion Criteria

» CBCT images having good resolution and
image clarity.

» Patients in the age group of above 18 years of
both the genders were included in the study.

Exclusion Criteria

» CBCT of patients younger than 18 are
excluded.

» CBCT images with artifacts.

» DPatients with maxillofacial, frontal bone and
sphenoidal bone fractures and treated for
the same.

» Patients diagnosed with tumors, or any
pathology involving the sphenoid sinus,
frontal and the nasal bone.

METHODOLOGY

Parameters to be Assessed

1. Frontal Sinus

Frontal sinus in axial section. The different
classification of frontal sinus was observed. The
different types include: Symmetry, Asymmetry,

Unilateral aplasia, Bilateral aplasia.

FRONTAL SINUS- AXIAL SLICE

CUNILATERAL ./ BILATERAL
" APLASIA " APLASIA 4

2. Nasal Septum

Nasal septum in coronal slice. The different
patterns of nasal septum was observed. The various
patterns include: Straight, Left deviation, Right
deviation, Sigmoid, Reverse sigmoid.

NASAL SEPTUM - CORONAL SLICE

3. Sphenoid sinus

Sphenoid sinus was observed for its
pneumatisation in sagittal and coronal section. In
sagittal slices, the position of the posterior wall of
the sphenoid sinuses was evaluated in relation with
the anterior and posterior walls of the sellaturcica.
Sinuses can be classed according to the following
types: (Hammer and Radberg).

Indian Journal of Forensic Odontology / Volume 16 Number 1 / January-June 2023



12 Kalai Selvi Ravishankar, Saraswathi Gopal. K, Mahesh Kumar. P/Frontal Sinus & Nasal Septum Patterns &
Pneumatisation of Sphenoid Sinus: An Obscure Path for Personal Identification: A Retrospective Cone Beam
Computed Tomography Study

Conchal, pre-sellar, sellar, post-sellar

pre-sellar
(type 11: posterior wall of
sphenoid sinus is in front of the
anterior wall of the sella turcica),

conchal (type I: complete
missing or minimal
sphenoid sinus)

post-sellar

(type IV: posterior wall of

sellar

(type l11: posterior wall of
sphenoid sinus is between
anterior and posterior wall of
sella turcica)

-1
-

sphenoid sinus is behind s’

the posterior wall of sella

turcica).

In coronal slice, coronal slice through sphenoid sinus with penumatisation of pterygoid

and clinoid process was observed.?

a: Absence of
pneumatization of the
pterygoid processes.
The thick arrow indicates
the right vidian canal, the
long arrow shows the left
foramen rotondum

RESULTS

The collected data from the study were analysed
with IBM SPSS Statistics for Windows, Version 23.0.
(Armonk, NY:IBM Corp). To describe about the data
descriptive statistics frequency analysis, percentage
analysis were used for categorical variables and the
mean & S.D were used for continuous variables. To
find the significant difference between the bivariate
samples in Independent groups the Unpaired
sample t-test was used. To find the significance
in categorical data Chi-Square test was used. In
all the above statistical tools the probability value
.05 is considered as significant level. In this study
the frontal sinus, nasal septum and sphenoid sinus
had individual variations for every person which
aids us in identifying a person in a crucial hour of
forensic investigation.

b: Pneumatization of the right and
the left ptreygoid processes, and of
the right anterior clinoid process.
The long thick arrow indicates the
pneumatized right anterior clinoid
process.

C: Both anterior clinoid
and pterygoid processes
are pneumatized. The lon
thick arrow indicates the
pneumatized right anterior
clinoid process.

The Gender distribution were Female is 50.0%,
Male is 50.0%. The Frontal Sinus distribution were
Ia is 60.0%, Ib is 21.1%, Ic is 5.6%, Id is 13.3%. The
Frontal Sinus between Gender by Pearson’s Chi-
Square test were 2=12.659, p=0.005<0.01 which
shows highly statistical significance between
Frontal Sinus and Gender. The Nasal Septum
distribution were Ila is 42.2%, IIb is 15.6%, Ilc is
20.0%, 1Id is 13.3%, Ile is 8.9%. The Nasal Septum
between Gender by Pearson’s Chi-Square test were
2=0.722, p=0.949>0.05 which shows no statistical
significance between Nasal Septum and Gender.
The Sphenoid Sinus distributions (In sagittal
slices) were Type I is 3.3%, Type Il is 26.7%, Type
I is 25.6%, Type 1V is 44.4%. The Sphenoid Sinus
between Gender by Pearson’s Chi-Square test were
2=2.991, p=0.393>0.05 which shows no statistical
significance between Sphenoid Sinus and Gender.
The Sphenoid Sinus distribution (In axial slices)
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were II a is 67.8%, I b is 18.9%, Il c is 13.3%. The =~ shows highly statistical significance between
Sphenoid Sinus between Gender by Pearson’s  Sphenoid Sinus and Gender.
Chi-Square test were 2=9.574, p=0.008<0.01 which

Table 1: Comparison of Frontal Sinus betweenGender by Pearson’s Chi-Square test

Gender

- Total 2 -value p-value
Male Female
Count 32 22 54
Symmetry (I a)
% 71.10% 48.90% 60.00%
Count 11 8 19
Asymmetry (I b)
% 24.40% 17.80% 21.10%
Frontal Sinus
Count 0 5 5
Unilateral aplasia (I c) 12.659 0.005 **
% 0.00% 11.10% 5.60%
Count 2 10 12
Bilateral aplasia (I d)
% 4.40% 22.20% 13.30%
Count 45 45 90
Total
% 100.00% 100.00% 100.00%
** Highly Statistical Significance at p < 0.01 level
Table 2: Comparison of Nasal Septum between Gender by Pearson’s Chi-Square test
Gender
- Total 2 - value p-value
Male Female
Count 19 19 38
Straight (Il a)
% 42.20% 42.20% 42.20%
Count 7 7 14
Right deviation (II b)
% 15.60% 15.60% 15.60%
Count 8 10 18
Nasal Septum  Left deviation (II )
% 17.80% 22.20% 20.00%
0.722 0.949 #
Count 6 6 12
Sigmoid (II d)
% 13.30% 13.30% 13.30%
Count 5 3 8
Reverse sigmoid (I e)
% 11.10% 6.70% 8.90%
Count 45 45 90
Total
% 100.00% 100.00% 100.00%
# No Statistical Significance at p > 0.05 level
Table 3: Comparison of Sphenoid Sinus betweenGender by Pearson’s Chi-Square test
Gender
- Total 2 - value p-value
Male Female
Count 2 1 3
Presellar (Type I)
% 4.40% 2.20% 3.30%
Count 14 10 24
Sellar (Type II)
% 31.10% 22.20% 26.70%
Sphenoid Sinus
Count 13 10 23
Post sellar (Type III) 2.991 0.393 #
% 28.90% 22.20% 25.60%
Most posterior Count 16 24 40
(Type 1V) % 35.60% 53.30% 44.40%
Count 45 45 90
Total
% 100.00% 100.00% 100.00%

# No Statistical Significance at p > 0.05 level
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Table 4: Comparison of Sphenoid Sinus between Gender by Pearson’s Chi-Square test

Gender

- Total 2 - value p-value
Male Female
Count 37 24 61
Il a
% 82.20% 53.30% 67.80%
Count 6 11 17
Sphenoid Sinus II'b
% 13.30% 24.40% 18.90%
9.574 0.008 **
Count 2 10 12
Il c
% 4.40% 22.20% 13.30%
Count 45 45 90
Total
% 100.00% 100.00% 100.00%

** Highly Statistical Significance at p < 0.01 level

Graphs

Frontal Sinus between Gender

100% -
90% -
80% -
70% -
60% -
S0% -
40% -
30% -
20% -
10% -
0% - r
Male Female

Percentage

Wla wIb wlc wId

Graph 1: Comparison of frontal sinus between gender by pearson’s chi-square test

Nasal Septum between Gender

50.0%
40.0%
30.0%

20.0%
10.0%

Percentage

0.0%

Male

Female
@Ila wIib wIlc WwIId w]1le

Graph 2: Comparison of nasal septum between gender by pearson’s chi-square test
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SPHENOID SINUS BETWEEN GENDER

uTypel uTypell =Typelll mTypelV

PERCENTAGE

MALE

FEMALE

Graph 3: Comparison of sphenoid sinus (sagittal slice) between gender by pearson’s chi-square

test

SPHENOID SINUS BETWEEN GENDER

u]lla =IIIb =Illc

PERCENTAGE

MALE

FEMALE

Graph 4: Comparison of sphenoid sinus (axial slice) between gender by pearson’s chi-square

test

DISCUSSION

Personal identification is defined as establishing
the identity of an individual. The need for personal
identification arises in natural mass disasters like
earth quakes, tsunamis, landslides, floods etc., and
in man-made disasters such as terrorist attacks,
bomb blasts, mass murders, and in cases when the
body is highly decomposed or dismembered to
deliberately conceal the identity of the individual.?”
Identification using structures in the skull remains

the most widely used method for personal
identification. Moreover, examination of the skull
becomes the only tool for identification in burnt
bodies and when the skull is the only found remain.
The complexity of the skull anatomy allows for
analysis of many structures like nasal cavity,
paranasal sinuses, sellaturcica, zygomatic processes
and mandible. In the present study, CBCT was
utilized for skull imaging. The methodology applied
for frontal sinus, nasal septum and sphenoid sinus
examination was simple, easy and reproducible.

The results of the present study the Frontal Sinus
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distribution were Symmetry is 60.0%, Asymmetry
is 21.1%, Unilateral aplasia is 5.6%, Bilateral aplasia
is 13.3%. Nasal Septum distribution were Straight
is 42.2%, Right deviation is 15.6%, Left deviation is
20.0%, Sigmoid is 13.3%, Reverse sigmoid is 8.9%.
Sphenoid Sinus distribution were conchal is 3.3%,
presellar is 26.7%, sellar is 25.6%, post sellar is
44.4%. Sphenoid Sinus distribution were Absence of
pneumatization of the pterygoid processes is 67.8%,
Pneumatization of the right and the left ptreygoid
processes, and of the right anterior clinoid process
is 18.9% and Both anterior clinoid and pterygoid
processes are pneumatized is 13.3%. Characteristic
individual variations have been noted in all the
parameters which can be a useful tool for personal
identification.

Taniguchi M, et al. 2003* suggested use of frontal
sinus and nasal septum in personal identification
and reported 204 different types of classification
with high efficacy in identification with 95%
probability. 43% symmetry in Japanese population,
56.6% asymmetry. Nasal septum straight in 13.4%,
right deviation in 35.3%, left deviation in 37.6%,
sigmoid in 6%, reverse sigmoid in 6.3%, other
patterns in 1.4% which is in concordance with our
study. Gopal KS, et al.* 2016 used CBCT images to
establish pattern of frontal sinus and nasal septum
and reported its possible applications for personal
identification. Frontal sinus symmetry was
observed in 43.75% individuals and asymmetry
in 48.75%. Bilateral aplasia in 5% and Unilateral
aplasia was seen in 2.5%. Straight nasal septum
was seen in 33.75%, right deviation in 30%, and
left deviation in 22.5% individuals. Sigmoid was
seen in 5%, reverse sigmoid in 8.75%. which was in
concordance with our study. MP David & Saxena,
et al.®® 2010 reported use of frontal sinus and nasal
septum for personal identification. Out of 50 cases
9 cases were found to have identical pattern with
82% probability of positive personal identification.

CONCLUSION

This study demonstrated that CBCT visualization
of anatomical aspects and the pneumatisation
of sphenoid sinuses can be used for personal
identification. In our study, we observed that
the frontal sinus and nasal septum patterns and
sphenoid sinus had considerable individual
variations and thus this study can be more reliable
for personal identification. The usage of these
parameters as seen in a full skull CBCT image can
be used as one of the aids in personal identification.
All three may vary person to person or even in

monozygotic twins. Severely damaged bodies can
be difficult to identify, and various factors can delay
the identification. In violent traumatic contexts,
teeth and frontal sinuses can be missing, which
limits their contribution to identification. Sphenoid
sinuses, on the other hand, are better protected
from traumatic degradation as they are deeply
positioned in the center of the cranial base. Their
pneumatization, well documented as extremely
variable in degrees and directions, could contribute
to the radiologic identification of a dead person.
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