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Abstract

Background: In forensic science, skeletal examination is often done with primary focus on identification. Complete
identification is a rare event in this type of examination. However, anthropological identification can be done in skeletal
examination. Skull is the second best for determination of sex next to pelvis. Maxillary sinuses are paranasal sinuses, and
a feature for sexual dimorphism which remains intact in partially charred. The study of maxillary sinus is best done on
Computed Tomography.

Objectives: The primary objective of this study is to evaluate bilateral maxillary sinus for sexual dimorphism using
Computed Tomography.

Methodology: A total of 104 CT head cases were studied of which 52 were male and 52 female. The anterior posterior
length, transverse width and height of bilateral maxillary sinus were measured in male and female through their DICOM
images using inbuilt electronic calliper. Descriptive analysis for mean, paired t test to compare right and left maxillary
sinus in both male and female, and student t test for compare male and female were used for analysing the value
measured and calculated.

Results: Male maxillary sinus (Right 72.76+4.62 & Left 12.39+3.87) was found be to larger than that of female (Right
12.16+4.78 & Left 11.80+4.49). Right and left maxillary sinus of both the sexes showed no significant difference when
paired t test was used. Using independent t-test showed no sexual dimorphism between the two sexes.

Conclusion: Maxillary sinus is not good tool for sex determination in Nepalese population. However further studies could
be done on larger population sample, as smaller sample size could be the limitation of this study.
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INTRODUCTION

nthropological features and anthropometric
measurements are used for the identification of
skeletal remains. In practice, although anthropological
features are commonly used with much difficulty in
terms of subjectivity foridentification, they do not always
grease the wheels of a forensic expert’s job in the long
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run. In practice the opinions based on anthropological
features are primarily based on personal experience and
not always evidence-based. On the other hand, opinions
based on anthropometric measurements are objective.

Sex determination is one of the primary objectives of
the examination of skeletal remains. The importance of
obtaining data on sexual morphology from complete
and parts of bones is routine task in the field of forensic
anthropology. The skull is the best bone considered for
sex determination after the pelvis'2.

In forensic cases, the skull is customarily examined for
sex determination as it has great resistance to adverse
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environmental conditions with eventual solidity of
dimorphic features. Such sexual dimorphism of bones
is, however, reliable only after attainment of puberty?3.
Several authors have studied various parts of the skull in
search of anthropometric data for sexual dimorphism in
various populations, and have come up with important
suggestions as to the appropriate sexually dimorphic
measurements and circumstances wherein a part
must be focused**. One such suggestion has been the
examination of the maxillary sinus, as it remains intact
in partially charred victims, wherein other features
get damaged or destroyed*¢8. Maxillary sinuses are
paranasal air spaces, present in the maxillary bone of the
skull and are of various shapes and sizes®. They appear at
the end of the second month of the intrauterine life and
mature at the age of about 20 years®.

Radiographic techniques have long been used in
forensic cases since time immemorial; one may recall the
demonstration of lead bullets in a victim’s head by Prof.
Arthur Schuster of Owens College, Manchester, in 1896,
oneyear subsequent to the discovery of X-ray. Nowadays
forensic experts use radiographic techniques onaregular
basis for various purposes. Inventions like CT (Computed
Tomography), MRI (Magnetic Resonance Imaging) have
further increased the importance of radiology in forensic
investigations. Thus taking into account, the importance
of radiology in forensic investigations, and maxillary
sinus as a tool for identification, we intend to use it for
our present study. Computed Tomography (CT)of the
head and in it studying maxillary sinus is purposed,
cause CT are excellent to evaluate paranasal sinuses
and the multi sectioning of CT permits unlimited virtual
dissection with accurate measurement of its dimensions
without physically damaging the specimen. The present
study is not unique, considering it has been proposed
and studied in different populations, though it is one of
its kinds in Nepalese population.

METHODOLOGY

The present study is a cross sectional hospital-based
study comprising of 104 head CT scan images of
adult individuals above the age of 20 years. The study
comprises of 52 male and 52 female samples, conducted
at Kathmandu University School of Medical Sciences,
Dhulikhel, Nepal. On receiving approval from the
Institutional Review Committee of the aforementioned
institute, the study was conducted in accordance with
ethical standards of the Declaration of Helsinki. The
subjects included in this study were randomly selected,
who needed a CT scan for the diagnostic purpose during
the course of their treatment, between 2018 May to
2018 August. Volumetric scan was done on 128 slices
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Simen Somatom Perspective Scanner at 5mm thickness

with 5mm interval, the reconstruction was done at

Tmm thickness and the study was conducted on multi

planner scan of axial, coronal and saggital view. Written

consent for the data to be collected was obtained from
the patient and /or patient party of 104 individuals
included in this study. The following dimensions of the
bilateral Maxillary Air Sinuses were measured directly on
the computer on DICOM images using inbuilt Electronic

Caliper in DICOM viewer software.

a. Anterior-posterior length of the maxillary sinus
(APL): Maximum distance between the anterior most
point and posterior most point of maxillary sinus on
Saggital section. (Figure 1)

b. Transverse width of the maxillary Sinus (TW):
Maximum distance perpendicular to the medial wall
to outermost point of the lateral wall of the maxillary
sinus on coronal section (figure 2).

¢. Height of the maxillary sinus (H): Maximum distance
between the roof of the sinus and the floor of the
sinus on coronal section (figure 3).

All the above measurements were taken in centimeters
and using a mathematical formula used by Sharma SK
et al.'"® for calculating the volume of bilateral maxillary
sinuses. The mathematical formula is given below.

{Volume = APL x TW x H x 0.52}'°

The data thus collected and calculated was entered
into Microsoft Excel using Windows 7 version, which
was compiled and prepared to be compatible for SPSS
20 software. Right and Left maxillary sinus mean values
were compared with using paired T-test. Male-female
differences were tested using independent t-test and
statistical significance was defined at =0.05. Discriminant
functional analysis was performed based on the result of
independent t- test to assess the measurements of the
maxillary sinuses.

RESULTS

The present study consists of 104 individuals of which 52
were males and 52 were females of Nepalese origin. The
age range in the present study was 18 to 72 for males
with mean 36.27(+15.21) years, and 18 to 85 for females
with mean 42.52(+19.06) years (Table 1).

Irrespective of the sex, the data collected in this study
was continues in nature, meaning data are not restricted
to defined separate values, with a normal distribution.
Descriptive statistics of the maxillary sinus is described
in table 2. The male maxillary sinus is slightly larger than
its counterpart stated by the volume of maxillary sinus
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calculated using the mathematical formula. Of all the AL L
parameters used in the present study only the height ot
of left the maxillary sinus showed sexual dimorphism.
No significant difference was noted between male and
female when student t-test was done except for height of
left maxillary sinus where mean for males was 3.47+0.5,
for females was 3.22+0.4 having the p-value 0.079.

NT
us 1.0 H70s [4]

The right and left maxillary sinus were compared using
paired t-test as detailed in table 3 and it states, no
significantly different between right and left maxillary
sinus except for APL in male where the p-value is 0.007.
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Figure 3: Height of the maxillary sinus

Figure 1: Anterior-posterior length of the maxillary
sinus

Table 1: Age distribution of the participants

Sex N Minimum Maximum Mean Std. Deviation
Male 52 18 72 36.27 15.21
Female 52 18 85 42.52 19.06

Table 2: Descriptive statistics of the maxillary sinus according to sex

Sex statistics 9" Right APL RightTw 9Nt Left | ftAPL LeftTW LeftVolume
height Volume height

Male

Mean +SD 3.48+0.58 3.36+0.36 2.03+0.33 12.76+4.62 3.47+0.58 3.27+0.37 2.06+0.30 12.39+3.81

Median 347 3.34 2.03 11.95 3.45 3.26 2.06 12.25

Minimum 2.25 2.26 1.18 3.48 2.51 2.15 1.27 3.56

Maximum 5.15 4.09 3.19 27.75 5.09 3.95 2.65 22.11

Female

Mean +SD 3.28+0.49 3.40+0.44 2.00£0.36 12.16+x4.78 3.22+0.49 3.40£0.44 2.00+0.35 11.80+4.49

Median 3.29 3.47 2.01 12.24 3.23 345 2.02 10.41

Minimum 2.21 2.41 1.20 3.32 2.00 248 1.14 4.45

Maximum 4.45 4.23 3.21 26.37 4.35 4.26 291 23.96

t test 1.877 -0.577 0.461 0.647 2.380 -1.644 0.895 0.731

p-value 0.063 0.566 0.646 0.519 0.019 0.103 0.373 0.467

SD: Standard deviation
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Table 3: Paired t test to compare right and left maxillary sinus in males and females

Sex Pairs
Right height - left height
Right APL — Left APL
Male
Right TW - Left TW
Right volume - left volume
Right height - left height
Right APL — Left APL
Female
Right TW - Left TW
Right volume - left volume
*significant
DISCUSSION

One of the most difficult tasks in forensic practice
is identification of skeletonized and decomposing
human remains. In the process of identification sex
determination is one of the most important steps. Next
to the pelvis, the skull is preferred for sex determination;
however in skull sexing is not reliable until after puberty.
The methodologies used for gender determination
is either morphological or morphometric?, of the two
methodologies, morphometric has no inter-observer or
intra-observer error.

In the present study, the results stated that the right and
left maxillary sinus showed no significant differences
expect for right and left APL in males and the mean
of the volume calculated for right and left in male and
female were; right 12.76+4.62 and left 712.39+3.87 in
males and 72.16+4.78 and 11.80+4.49 in females. These
findings reinstated that the males had larger volume
and perimeter compared to that of females. The reason
behind this could be best explained by Enlow", who
states that males require larger lungs than females to
support their muscular build and body organs and to
support the voluminous lungs males require larger
airway. The physiological change in the airway of male
and female is due to respiration need, thus affecting the
size of the maxillary sinus to be larger in males. Many
authors like Kim'? and Fernandes et al'® have concluded
the finding in this study, right and left maxillary sinus
bear no significant difference and males have larger
maxillary sinus. In the present study, independent t test
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with the study conducted by various authors, in different
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sexual dimorphism between male and female.

CONCLUSION

The study concludes that males have a larger
voluminous maxillary sinus in comparison to females
in the Nepalese population and that the maxillary sinus
cannot be subjectively analysed to determine the sex of
the individual. However, smaller sample size in this study
is a limitation and therefore we suggest a similar study in
a larger sample.
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