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Abstract

Background: Age and sex determinations are important tools in forensic odontology
which help in the identification of an individual. Radiographic method of sex and age
estimation is a noninvasive simple technique. Measurements of the maxillary sinuses
can be used for the estimation of age and gender when other methods are inconclusive.
Maxillary sinus dimensions were used as an important tool in the identification of unknown.
Aim: This study aims to estimate age and sex using the dimensions and volume of the
maxillary sinus in magnetic resonance imaging (MRI). Materials and Methods: This
study included sixty patients visiting Department of Radiology Mamata General Hospital,
Khammam requiring MRI of the brain and paranasal sinuses. Maxillary sinus dimensions
were measured using Siemens software, and statistical analysis was done. Results: The
volume and dimensions of the maxillary sinus were more in males when compared to
the females with a statistically significant difference. The highest percentage of sexual
dimorphism was seen in the volume of left maxillary sinus. Age estimated using the
volume of maxillary sinus showed no statistically significant difference from the actual
age of the subjects. Conclusion: The dimensions and volume of the maxillary sinuses
were larger in males than in females, in addition to that they tend to be less with the
older age. MRI measurements of maxillary sinuses may be useful to support gender
and age estimation in forensic radiology.
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Introduction

Measurements of the maxillary sinuses in magnetic
resonance imaging (MRI) can be used for the age
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and gender estimation.!"! Radiology can assist in giving
accurate dimensions for which certain formulae can be
applied to estimate gender. Age estimation is one of the
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several indicators employed to establish identity in forensic
cases. Such estimations of living individuals are made
for refugees or other persons who arrived in a country
without acceptable identification papers and may require a
verification of age, to be entitled to civil rights and/or social
benefits in a modern society.! Maxillary sinuses remain
intact even in explosions, warfare, and other mass disasters
such as aircraft crashes, the skull, and other bones are badly
disfigured.”” Hence, the dimensions of the maxillary sinuses
are reliable indicators in forensics.

The extent of pneumatization of the maxillary sinus varies
from person to person, and its volume is influenced by
age.l’! The maxillary sinus is a triangular pyramid in the
body of the maxilla which presents three recesses: An
alveolar recess pointed inferiorly, bounded by the alveolar
process of the maxilla; a zygomatic recess pointed laterally,
delimited by the zygomatic bone, and an infraorbital recess
pointed superiorly, bounded by the inferior orbital surface
of the maxilla.l

The size of sinuses varies in different skulls, and even on
the two sides of the same skull. Measurement of the internal
dimension of maxillary sinus has proven to be a challenge
for researchers. Considering the complex structure of
maxillary sinuses, MRI and computed tomography (CT)
are the gold standard methods to depict the true anatomy
of the Highmore’s antrum. Nevertheless, their use is
limited by high dose, cost, or restricted accessibility.[*! For
the last 10 years, CT and MRI techniques have replaced
the imaging of paranasal sinuses by traditional X-ray.
These two technological modalities can be used in the
determination of the more detailed anatomic structure
of the diseased region. The axial, sagittal, and coronal
sections obtained by CT and MRI enable better evaluation
of these structures.

Hence, the aim of this study was to know whether the width,
the depth, and the height of maxillary sinuses can be used
for the estimation of age and gender.

Materials and Methods

The present study was carried out in the Department
of Radiology, Mamata General Hospital Campus,
Khammam after required approval from the Institutional
Ethical Committee. A prospective study comprising 60
subjects (30 males and 30 females) ranged from 21 to 73 years
age group over a period of 7 months (January to July 2015)
was selected for the purpose of this study. Healthy subjects
were taken randomly attending the outpatient department
were included, and informed consent was obtained. Subjects
with the history of facial trauma, fracture of maxillary sinus,
congenital developmental abnormalities, sinusitis, and
pathology associated with maxillary sinus were excluded
from the study.

All subjects were examined on MRI. The width, height, and
depth measurements were made where the maxillary sinus
was in its widest position with the help of the measurement
equipment on SIEMENS AVANTO TIM DOT (NUMARIS/4
Software, Syngo MR D13 Version, Germany).

The three dimensions (height, width, and depth) were

measured on the axial and coronal views. The width

and depth were measured on the axial views while the

height was measured on coronal view. The following

measurements were performed:

1. The right and left side height of the maxillary
sinus (maximal craniocaudal diameter)

2. The right and left side width of the maxillary
sinus (maximal width)

3. The right and left side depth of the maxillary
sinus (anteroposterior diameter).”

The depth and width of maxillary sinus were measured
above the most apical level of the maxillary sinus floor. The
width was defined as the longest distance perpendicular
from the medial wall of the sinus to the most lateral wall
of the lateral process of the maxillary sinus in the axial
view. The depth was defined as the longest distance from
the most anterior point to the most posterior point of the
medial wall in the axial wall. The height was measured
away from the inner surface of the anterior border of the
maxillary sinus. The height of the maxillary sinus was
measured as the longest distance from the lowest point of
the sinus floor to the highest point of the sinus roof in the
coronal view [Figures 1 and 2].11 All the three dimensions
of the maxillary sinus were measured by single observer
and the volume of each maxillary sinus was also calculated
using the following equation:

Volume = (height x depth x width x 0.5)
A multiple linear regression model was then developed to
estimate the age of the subjects using the dimensions and

volume of the maxillary sinuses. The formula derived was:
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Figure 1: Magnetic resonance imaging coronal view revealing height
of maxillary sinus
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Age=51.84+135.43 (height) - 146.03 (width) + 69.93 (depth)
- 6.78 (total maxillary sinus volume)

Example: Sample 1: Chronological age — 66 years.
Height = 3.73, width = 3.94, depth = 4.22.

Volume = (height x width x depth) x 0.5 = (3.73 x 3.94 x
4.22)x0.5=31

Estimated age = 51.84 + 135.43 (3.73) — 146.03 (3.94) +
69.93 (4.22) - 6.78 (31) = 66.6.

Statistical analysis
After obtaining the results, statistical analysis was
performed using Mann—-Whitney U-test and Student’s t-test.

Results

The mean values of the right side maxillary sinus height,
width, depth, and volume in males were 3.89, 4.11, 4.32, and
34.62, respectively, whereas in case of females it was 3.21,
3.79, 3.88, and 23.65, respectively. There was a statistically
significant difference between the mean dimension of
height, width, depth, and volume of the right maxillary
sinus with P values of 0.00001, 0.00001, 0.00001, and 0.00001,
respectively [Table 1].

The mean values of the left side maxillary sinus height,
width, depth, and volume for males were 3.88, 4.09, 4.27,
and 33.91, respectively while in case of females it was 3.18,
3.74, 3.82, and 22.70, respectively. There was a statistically
significant difference between the mean dimension of
height, width, depth and volume of the left maxillary sinus
with P values of 0.00001, 0.00001, 0.00001, and 0.00001,
respectively [Table 2].

The percentage of sexual dimorphism among the selected
subjects in right maxillary sinus height, width, depth and
volume were 21.32%, 8.44%, 11.29, and 46.38%, respectively.
The percentage of sexual dimorphism among the selected
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Figure 2: Magnetic resonance imaging axial view depicting width and
depth of maxillary sinus

subjects in the left maxillary sinus height, width, depth, and
volume were 22.18%, 9.49%, 11.67, and 49.40%, respectively.

The percentage of sexual dimorphism on combining the
height, width, depth, and volume on the right and left
side maxillary sinuses were 21.75, 8.96, 11.47, and 47.86,
respectively. The highest percentage of sexual dimorphism
was shown by the volume of the maxillary sinuses on the
left side [Table 3].

On comparison of the estimated age and the actual age of
the selected subjects, there was no statistically significant
difference between the estimated age and the actual age of
the patients (P > 0.05). This indicates that the dimensions
and volume of the maxillary sinuses can be used in the
estimation of the age [Table 4 and Figure 3].

Discussion

The maxillary sinus is the largest and the first paranasal
sinus to develop.”! It is located in the maxillary bones and
consists of two spaces, which is air-filled cavity lined with
pseudostratified ciliated columnar epithelium. It serves
many functions such as, to decrease the weight of the skull,
increases voice resonance, protects against blows to the

Table 1: Comparison of volume of the right maxillary sinus
between males and females

Variables Male Female P Percentage of
Mean SD Mean SD dimorphism
Height 3.89 014 321 0.05 0.00001% 21.32
Width 411 013 3.79 0.12 0.00001* 8.44
Depth 432 009 3.88 0.04 0.00001* 11.29
RMV 34.62 2.18 2365 1.36 0.00001* 46.38

*P<0.05. SD: Standard deviation, RMV: Right maxillary sinus volume

Table 2: Comparison of volume of the left maxillary sinus
between males and females

Variables Male Female P Percentage of
Mean SD Mean SD dimorphism
Height 3.88 0.11 318 0.04 0.00001* 22.18
Width 409 012 3.74 0.11 0.00001* 9.49
Depth 427 003 382 0.08 0.00001* 11.67
LMV 3391 215 2270 1.42 0.00001* 49.40

*P<0.05. SD: Standard deviation, LMV: Left maxillary sinus volume

Table 3: Comparison of the right and left maxillary sinus volume
between males and females

Variables Male Female P Percentage of
Mean SD Mean SD dimorphism
Height 389 012 3.19 0.05 0.00001*% 21.75
Width 410 012 3.77 0.11 0.00001* 8.96
Depth 429 005 3.85 0.06 0.00001*% 11.47
CMvV 3426 216 23.17 1.39 0.00001* 47.86

*P<0.05. SD: Standard deviation, CMV: Combined maxillary sinus volume (right
and left)
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Table 4: Comparison of actual and estimated age in total, male
and female samples

Groups Age Mean SD t P

Total Actual age 46.58 15.99 —1.3580 0177
Estimated age 50.55 16.03

Males Actual age 46.93 16.12 —0.9762 0.3330
Estimated age 50.98 16.03

Females  Actual age 46.23 16.13 —0.9288 0.3569

Estimated age 50.12 16.29
SD: Standard deviation

50.98
55.00 4658 3055 : 50.12

Mean value

Total Males
O Actual age

Females

@ Estimated age

Figure 3: Comparison of actual and estimated age in total, male and
female samples

face, insulation of the eyes and roots of the teeth against
temperature fluctuations, humidification of inhaled air, and
contributes to the maxillary growth.[

Identification on skeletal and decomposing human remains
is one of the most difficult skills in forensic medicine.
Sex determination is also an important problem in the
identification. When the skeleton exists completely, sex can
be determined with 100% accuracy. This estimation rate is
98% in the existence of pelvis and cranium, 95% with only
pelvis and 80%-90% with long bones. Next to the pelvis,
the skull is the most easily sexed portion of the skeleton, but
the determination of sex from the skull is not reliable until
after puberty. Sex estimation can be accomplished using
either morphological or metric methodologies.

Identification from the remnants of human skeletons is
a significant forensic procedure. Determination of age
and gender is an essential part of identification. Gender
determination is certainly significant for identification.[®
Maxillary sinus dimensions and volume show a wide range
in different studies that may reflect the influential effects such
as human variability and triggering of pneumatization.™

Regarding age grouping, the four variables (volume, width,
depth, and height) showed a significant difference, where
all of them found to decrease with the age. It is found that
the maxillary sinuses in males were larger in volume and
wider in width than that of females, as well as the depth and

height are higher in males than that of females.™ Previous
studies found that there was a significant difference of the
maxillary sinus volume between males and females, mainly
because males exhibit higher and wider maxillary sinuses
than females and they also found no significant difference
between the left and right maxillary sinus volume that is
consistent with this study.

In literature, the effects of gender on maxillary sinus
volume were evaluated. Some of these studies reported no
significant differences while the others concluded that males
had larger maxillary sinus volumes than the females. On
the other hand, Park et al. and Kim et al. did not consider
gender discrimination in the evaluation of maxillary sinus
volume.?1%

Some authors found that the volume decrease with the age
and this might be related to skeletal size and physique.!"
The maxillary sinus has been shown to increase in size in
childhood and adolescence.™ In this study, the estimated
age and the actual age of the subjects were closely related,
indicating that the dimensions and volume of the maxillary
sinuses can be used in the estimation of the age.

The paranasal sinus anatomy varies from person to person.
The volume of the paranasal sinuses tends to decrease with
increasing age.”! The main characteristics of these structures
are pneumatic. Genetic diseases, environmental conditions,
and past infections can affect the process of pneumatization
of paranasal sinuses.!"?

Uthman et al. studied maxillary sinus dimensions in
88 patients between the age group of 2049 years by CT
scan. The width, length, and height of the maxillary sinuses
in addition to the total distance across both sinuses were
measured. Data were subjected to discriminant analysis
for gender using multiple regression analysis. Maxillary
sinus height was the best parameter that could be used to
study sexual dimorphism with an overall accuracy of 71.6%
using multivariate analysis 74.4% of male sinus and 73.3%
of female sinus were sexed correctly.!"”!

On the other hand, Teke et al. reported lower accuracy rates
for the same measurements, which was 69.3% for men and
69.4% for women with an overall accuracy of 69.3%.M"I
Further, Deshmuk and Deversh tested maxillary sinus
measurements for gender assessment, and they found that
the average accuracy reached 80%—-87%.1"!

Conclusion

The result of the present work showed that the maxillary
sinus exhibits anatomic variability between genders and can
be used in the sexing of a population. The dimensions and
volume of the maxillary sinuses can be used in estimating
the age of the subjects. The MRI images could provide
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adequate measurements for maxillary sinuses that cannot

be

approached by other means. Hence, morphometric

analysis of maxillary sinus can assist in gender and age

det

ermination.
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