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ABSTRACT

Introduction: Many researchers have described the progression of genetically based differences in personality among sex
groups and components of the genetics of individual differences in their masculinity and femininity within each sex group. This
has made the basis, for both legal and humanitarian purposes.

Aims and objectives: The study was aimed to measure, compare and distinguish the sexual dimorphism in the bizygomatic
distance and dimensions of maxillary sinuses on Cone Beam Computed Tomography (CBCT) images and to evaluate their reli-
ability in sex determination that might serve as evidence in forensics.

Methodology: Bilateral maxillary sinus CBCT images were obtained for 30 patients, 15 males and 15 females. Bizygomatic
distance and maxillary sinus dimensions such as length, height, width, area, perimeter and volume were measured and evalu-
ated. The data obtained was then subjected to descriptive statistical analysis followed by an Independent t-test and One-way
ANOVA test to arrive at the results.

Results: Comparison between CBCT images of male and female groups showed statistically significant differences in bizygo-
matic distance and means of both the right and left maxillary sinus length, height, area, volume and left perimeter with P<0.05.
However, the male group also showed higher values for right and left side width, right perimeter and its mean perimeter but they
were not statistically significant with P>0.05.

Conclusion: Sex determination with few linear measurements of bizygomatic distance and maxillary sinus dimensions was pos-
sible among the study population. It was found that males had wider bizygomatic distance and larger sized maxillary sinus when
compared to females. Hence this study positively recommends the use of bizygomatic distance and maxillary sinus dimensions
for sex determination in the field of forensics.
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INTRODUCTION progression of genetically based differences in personality

among sex groups and components of the genetics of indi-

The evolution of human life began millions of years ago, yidyal differences in their masculinity and femininity within
probably when some ape-like creatures began to walk ha-  ¢5ch sex group.? This has made the basis, for both legal and
bitually on two legs. Eventually, by the end of most of the  yymanitarian purposes. The establishment of one’s individu-
millennium, the perspective of minds as an empty slate was ality is important for unknown deceased persons in homi-

rigorqusly disconfirmed by temperament and b§haviour cide, accident, suicide, mass disasters and for culprits those
genetics research.! Many researchers have described the 1o are hiding their identity. *
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As there are tremendous advancements in the field of science,
medicine and technology natural catastrophes, misdeeds and
unfortunate events persist to date. In such instances, there is a
need to collect all possible information to identify the victim.
Many features differentiate the sex groups, among which the
skeletal structures play a major role as they are strongest and
are often the sole remnants of a fossil.’Presently identifying
these executioners has become slightly trouble-free as a re-
sult of evolution in various fields of forensics.

This ideology could be implicated in radiological identifi-
cation as no two radiographs are alike. Many studies have
shown that the skeletal remains especially the pelvis and
skull bones show the greatest sexual dimorphism of around
98%. Skull consists of bones, teeth and air-filled spaces.

Air-filled spaces present within bones surrounding the nasal
cavities are known as paranasal sinuses. Paranasal sinuses
include frontal, ethmoidal, sphenoidal and maxillary sinus.
All of these show minor changes among the sex groups ra-
diographically. Among the paranasal sinuses, maxillary si-
nuses are the first to undergo development and are the largest
occupying the maxillary bone bilaterally.” It is been reported
in few studies that maxillary sinus and zygomatic bone will
remain intact even though skull and other different bones are
badly disfigured among victims.® Both maxillary sinuses and
bizygomatic arches show the greatest sexual dimorphism.
Maxillary sinus often tends to appear towards the end of the
second embryonic month and forms completely by 18 to 20
years of age.’

Earlier two-dimensional imaging modality was used for
study purposes. Recently, Cone Beam Computed Tomogra-
phy (CBCT), is being used as the standard imaging modal-
ity for visualizing both soft tissues and skeletal structures
in multiple views with thin sections and is widely accepted
because of its accuracy in three-dimensional imaging, high-
quality tissue contrast, better resolution by eliminating over-
lapping of adjacent structures and also because of its low
cost. It can produce images with significantly less radiation
exposure. '

Worldwide in few studies, it has been proven that the bizygo-
matic distance and maxillary sinus dimensions help in sex de-
termination. The bizygomatic distance and all the dimensions
of maxillary sinuses are well appreciated in the CBCT images,
which varies from one individual to another. This study was
undertaken to ascertain if any sexual dimorphism exists in the
bizygomatic distance and maxillary sinus dimensions.

MATERIALS AND METHOD

The study was a prospective observational study conducted
on 30 healthy subjects of age group 20 - 60 years selected
by simple purposive sampling for whom CBCT had been

advised for assessment/treatment of any or dentofacial con-
ditions without any developmental defects or trauma to the
head and neck region with no evidence of midfacial fracture,
for which ethical clearance was obtained from institutional
ethical committee No-27/2018.

Eligibility criteria:
Inclusion criteria:

e Subjects with the full complement of completely erupt-
ed maxillary teeth with or without the third molars.

e Ideal CBCT images with optimum diagnostic quality,
clearly showing the maxillae including maxillary si-
nuses.

Exclusion criteria:

e Subjects with malocclusion and have undergone or-
thodontic treatment.

* Radiographic evidence of the developmental anoma-
lies, pathology and malunion of fractures affecting the
bones of the maxillofacial region and/artefacts.

Method

The clinical examination was carried out after obtaining
the written consent from the selected cases and the clinical
findings were recorded in individual proforma specially de-
signed for the study. Individuals satisfying the eligibility cri-
teria were subjected to CBCT examination at fixed operating
parameters based on the built of the subject by adopting req-
uisite radiation protection measures. Linear measurements
were performed on axial and coronal sections for both rights
and left maxillary sinuses using Planmeca Romexis 5.3 (3D
Software). (Figure 1) (Figure 2) (Figure 3) (Figure 4)

Each of these measurements was made twice by the same ob-
server at 15 days interval and the average was considered to
avoid intra examiner variability. With the help of these meas-
urement’s other parameters like area, perimeter and volume
were calculated using the following formulae.

“Area = Length x Width (cm?)
Perimeter = 2 x Length + 2 x Width (cm)
Volume = Length x Width x Height x %2 (cm?)”

(1) Bizygomatic distance

Figure 1: Bizygomatic distance.
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The bizygomatic width: Maximum distance between the
most prominent points on both right side and left side zygo-
matic arches on axial sections.

(2) Maxillary sinus dimensions

(a) Length of the maxillary sinus

Figure a: Length of the maxillary sinus.

The length of the maxillary sinus: Longest anteroposterior
distance from the point most anteriorly to the point most pos-
teriorly on axial sections.

(b) Height of the maxillary sinus

Figure b: Height of the maxillary sinus.

The height of the maxillary sinus: Longest distance from the
point most inferiorly on the sinus floor to the point most su-
periorly on the sinus roof in the coronal sections.

Mean

Study parameters

Males 15  97.0693

Females 15

Bizygomatic distance

90.7153

Table 1: Comparison of the bizygomatic distance between males and females group.

Std deviation

4.89452

3.92981

(c) Width of the maxillary sinus

3600 00

Figure c: Width of the maxillary sinus.

The width of the maxillary sinus: Longest distance perpen-
dicularly from the medial wall of the maxillary sinus to the
outermost point on the lateral wall of the lateral process on
axial sections.

All the obtained data were tabulated and analysed statisti-
cally and compared between the right and the left maxillary
sinuses of the same individual and between the sex groups
respectively using SPSS software version 22.0. The data was
then subjected to descriptive statistics, Independent t-test
and One-way ANOVA test to arrive at the results.

RESULTS

Of the 30 subjects, 15 (50%) were females and 15 (50%)
were males. Each age group comprised of 05 (25%) males
and 05 (25%) females with a mean age of 43.1333 for males
and 41.8667 for females with the Std. Deviation 14.53993
for males and 13.64795 for females.

On comparing the mean value of BIZYGOMATIC DIS-
TANCE among 15 males and 15 females, a significant differ-
ence was noted with males depicting comparatively higher
values than females, which was statistically significant. This
was further confirmed by an independent sample t-test. (Ta-
ble 1).

SE of Mean difference

Mean

1.26376

0.001

6.35400 3.921

1.01467

The right and left maxillary sinus parameters were measured and compared between males and females. (Table 2)
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Table 2: Comparison of all the parameters of Right and Left Maxillary Sinus among males and females group.

Parameter Sex n Mean Standard p-Value Parameter Sex n Mean Standard p-
Deviation Deviation Value
RIGHT MAXILLARY SINUS LEFT MAXILLARY SINUS
Length (cm) Male 15  40.5733 4.02341 0.005 Length(cm) Male 15  40.8433 3.83749
0.001
Female 15  36.9613 2.13639 Female 15 36.2400 2.80734
Height (cm) Male 15  36.5467 5.28851 0.015 Height(cm) Male 15 37.6680 6.47957
0.005
Female 15  31.8673 4.53255 Female 15 31.3067 4.90939
Width (em) Male 15 30.5887 5.06908 0180  Width (cm) Male 15 30.4133 5.12722
0.267
Female 15  28.4027 3.49008 Female 15  28.5467 3.80110
Area Male 15 1268.9680 303.60590  0.025 Area Male 15 1258.0667 302.80829
(em?) (cm?) 0.022
Female 15 1054.0047 174.23805 Female 15 1024.2440 220.03236
Perimeter Male 15  142.3240 11.91879 0.063 Perimeter Male 15 142.5120 17.36599
(cm) (cm) 0.025
Female 15 1317680  17.36599 Female 15  129.4133 12.64266
Volume Male 15 24121.4667 8791.91604  0.009 Volume Male 15 24754.2000 9344.72665
(cm3) (cm3) 0.005
Female 15 17019.8667 4412.09875 Female 15 16542.8667 4714.88974

The difference in the mean value obtained for length, height, area, the volume between males and females was statistically
significant and was non-significant for width and perimeter. (Table 3)

Table 3: Comparison of mean of all the parameters of Right and Left Maxillary Sinus together between males
and females.

Parameter Sex n Mean Standard Deviation p - Value

MAXILLARY SINUS

Length (cm) Male 15 40.7067 3.81510 0.001
Female 15 36.6540 2.26035

Height (cm) Male 15 37.1067 5.71057 0.007
Female 15 31.5867 4.60215

Width (cm) Male 15 30.5007 4.96573 0.201
Female 15 28.4747 3-34535

Area Male 15 1263.2267 297.30749 0.020

(cm?)
Female 15 1039.0360 186.99849

Perimeter Male 15 152.7093 46.68322 0.086

(cm)
Female 15 130.6000 11.54692

Volume Male 15 23069.8000 10540.30779

(cm?) 0.042
Female 15 167811333 4353.94799
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To summarize the male group revealed statistically signifi-
cant higher values than the female group for the following
dimensions.

e Bizygomatic distance
e  Maxillary Sinus dimensions —
Length — Right side and Left side & Mean length,
Height — Right side and Left side & Mean height,
Area - Right side and Left side & Mean area,
Volume — Right side and Left side & Mean volume,
Perimeter — Left side”
The following parameters revealed no significant difference
statistically between both the sex groups.

e “Maxillary Sinus dimensions —
Width — Right and left side & Mean width,
Perimeter — Right side & Mean perimeter”

DISCUSSION

From ancient times it is believed that “everybody is unique”
in their way. This uniqueness helps in an individual’s iden-
tity where identification of an individual becomes difficult.
During the due course, forensic science has progressed enor-
mously. In the field of forensic sciences, identity is defined
as the recognition of the individuality of a person, alive or
dead. An individual can be identified based on age, sex, eth-
nicity, and appearance which includes weight, height, skin,
cornea, hair colour, face contour etc.

Sex determination is considered to be the classic procedure
in the field of forensics as they form a major inceptive step
in pragmatic identification of the dead person and building
a post-mortem profile which aids in narrowing down the
prediction of an unknown cadaver towards a correct prob-
ability.!>"

According to many works of literature, it has been stated that
the precision rate of sex determination from the skeleton is
100%'*'* because it anatomically withstands heavy injuries.
All the structures of the craniofacial region have their ad-
vantages of being composed greatly of the hard tissues, that
are comparatively non-breakable, due to which the probabil-
ity of getting intact maxillary sinus and zygomatic complex
without deformity is high. This can be worth using for sex
determination.

Hence the present study was framed based on the above
background to determine the reliability of the bizygomatic
distance and maxillary sinus dimensions as a method for sex
determination using Cone Beam Computed Tomographic
(CBCT) images of 30 subjects, comprised of 15 males and
15 females.

A study by Akhiland Chaurasia'* evaluated sexual dimor-
phism in the bizygomatic distance and paranasal sinus of 202
subjects using CBCT images. No significant difference was

obtained between both the males and females for paranasal
sinuses parameters. It was found that the bizygomatic dis-
tance was significantly higher in males than in females with
a statistical significance of 0.01.

A study conducted by Jehan M et. al.,'” in 2014 on the Sexual
Dimorphism of Bizygomatic distance and the Maxillary si-
nus using CT images and a study by Vidya C.S et.al.,'® on
the anthropometric predictors for the sexual dimorphism of
skulls of the South Indian population, has been proved that
sexual dimorphism exists in the bizygomatic distance. In our
study, measurements were made on CBCT images for its
advantages over other imaging techniques. Results obtained
are consistent with these studies and showed significant sex-
ual dimorphism in the bizygomatic distance with statistical
significancep<0.05.

A study conducted by Uthman et. al.,® found that males had
the maximum values for the length of the right side and the
left side maxillary sinus which was of statistically significant
greater value than that of the females with p<0.005. In our
study, we found similar results for males, where the length of
the right maxillary sinus was 40.5733mm and in females was
36.9613mm, length of the left maxillary sinus in males was
40.8433mm and in females was 36.2400mm, mean of right
and left side length in males was 40.7067mm and females
was 36.6540mm which proved to be significant statistically
p<0.05.

Amin MF and Hassan EI'7 concluded from their study that
the height of the maxillary sinus was one of the most reli-
able predictors for sex with a predictive accuracy rate being
70.8% among males and 62.5% among females accordingly.
In our study too, the right height left height and mean of both
right and left height showed significant differences statisti-
cally among males and females with p<0.05. The males had
higher measurements for maxillary sinus height compared
to females.

Baweja et. al.,'® estimated the average width of the maxillary
sinus for males as 21.843.4 mm and for females as 21.6+3.7
mm. Similarly, another study by Teke HY et. al.,"® deter-
mined the approximate sinus width in males as 27.04+5.49
mm and in females as 24.36+£3.795 mm. Indistinguishable
results were obtained in our study with the mean width of
the sinus in males was 30.5007 mm and in females, it was
28.4747 mm which was statistically nonsignificant with p
>0.05.

Azhar A et. al.,'" carried out a discriminating analysis on
the measurements of the maxillary sinus which showed that
the maxillary sinus width of the left side had an accuracy
of 61.3% and was considered to be the best discriminating
parameter. A study by Ayushee et.al.,'® also showed simi-
lar results where the left maxillary sinus width was the best
parameter to determine sex with an accuracy rate of 60%.
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Comparable results were obtained in our study with the mean
width of the sinus in males as 30.5007 mm and in females
as 28.4747 mm, however, which was statistically nonsignifi-
cant with p> 0.05.

Our study was aimed to determine whether the bizygomatic
distance and both right and left maxillary sinuses together of
an individual serve as sex predictors as a whole. The meas-
urements of the right and left sides along with their mean
values were considered for the determination of sex in this
study statistically.

The study by SaccucciM et. al.,'> for determination of sex
using maxillary sinus volume on CBCT images did not show
any statistical difference between males and females. Hence,
they stated that the maxillary sinus volume could not be
utilized to perceive the sexual difference in an individual’s
identification.

In contrast, our study results showed a statistically significant
difference in the sinus volume. The volume of the right side
in males was 24121.466cm® and females were 17019.8667
cm?, sinus volume of the left side in males was 24754.20
cm?, and in females was 16542.86 cm® and mean volume of
both right and left sinus among males was 23069.80 cm® and
females was 16781.13 cm® which was significant with p<
0.05. Further studies are recommended with a bigger sample
size that may throw better light on this parameter. This can
be attributed to socioeconomic, ethnic and racial differences.

Another study by Jehan et. al.,”” proved that altogether av-
erage dimensions of each variable were statistically greater
among males 9.55+0.41cm when compared with females
9.26+0.52cm which was statistically significant. Similarly,
we found that parameters of maxillary sinus such as right
length, left length, mean of right and left length, right height,
left height, mean of right and left height, right area, left the
area and mean of right and left the area, right volume, left
volume, mean of right and left volume and left perimeter
were higher in males compared to females and were statisti-
cally significant with p-value < 0.05.

In the current study, we primarily aimed to determine if max-
illary sinus dimensions were a good predictor of sex. Once
this was substantiated, further studies could be undertaken
for the sides which would be more accurate. This study sug-
gests that in males the overall maxillary sinus measurements
are larger than in females.

Hence, the differences in a few of the study results obtained
for sex determination with bizygomatic distance including
dimensions of the maxillary sinus may be attributed to the
combination of various factors like sample size, the differ-
ence in ethnic groups and racial groups, variations in stature
of body, size of skeletal components, their height and phy-
sique, environmental and genetic factors, anatomical differ-
ences of the sinus and zygomatic complex, variations in both

the osteoclastic and osteoblastic activity and the pneumatiza-
tion process of the sinus.”!

CONCLUSION

Research in the field of forensics is being carried out for
many ages on the living population to find out values and
measurements that can be applied to the skeletal remains for
various purposes. Imaging forms the indispensable key tool
for sex determination in the field of forensics. Out of many,
the measurements of the bizygomatic distance and the maxil-
lary sinus are of at most important as these can be considered
as stable markers and strong parts which is found intact even
when the skull is badly destructed.

The results obtained in the present study revealed that the
bizygomatic distance and maxillary sinus dimensions show
anatomic variations between both the sex groups. Therefore,
it is concluded that the linear measurements on CBCT im-
ages with significant differences among males and females
can be used in forensic anthropology as an aid for the deter-
mination of sex. Hence these measurements are advocated
for providing evidence in forensics, to augment the accuracy
of estimation made by other means also especially when oth-
er bones of the skeleton are unavailable. Further, these can
fortify the claim made regarding sex determination based on
other methods.

LIMITATION

As this was a time-bound study best possible sample size
was considered. A larger sample size needs to be consid-
ered to substantiate our findings. Further studies are recom-
mended with the larger sample size including various ethnic
and racial groups and for the generation of sex determination
equation to the particular population.
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