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Abstract
Background. It is impossible to use the routine skeletal parts for gender identification if the skeleton 
of unknown human remains is obtained in a fragmented and incomplete state. The alternative is to use 
other parts of the skeleton for gender identification.

Objectives. The objective of this study was to assess the utility of the morphometry of the maxillary sinu-
ses using computed tomography (CT) for gender determination.

Material and methods. The study, approved by the institutional ethics committee, analyzed CT scans 
of 200 patients (100 males, 100 females). The measurement of the mediolateral (ML), superoinferior (SI) and 
anteroposterior (AP) dimensions, as well as of the volume and the antero-lateral (AL) angle of both the ma-
xillary sinuses, was performed using a CT scan. Head circumference and head area were also measured on 
an axial image in order to evaluate the correlation between the sinus volume and the head circumference and 
head area.

Results. The mean of the mediolateral, superoinferior and anteroposterior dimensions, volume and AL an-
gle of the right and left maxillary sinuses showed a statistically significant difference between males and 
females. Head circumference as well as head area were observed to be greater in males than in females, 
with a statistically significant difference. A positive correlation was observed between the volume of max-
illary sinuses and the head circumference and head area on both sides and in both genders; however, it was 
not significant. Amongst all the parameters, the left AL angle with a 78.5% accuracy was found to be the 
best discriminative parameter, followed by the right AL angle with a 73% accuracy. The overall accuracy 
of the maxillary sinus parameters to identify gender was 86%.

Conclusions. The maxillary sinus measurements, as well as head circumference and head area are valu-
able parameters for sex determination in forensic medicine, with a relatively good accuracy rate. However, 
the prediction rate can be increased by including the AL angle of the maxillary sinus.
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Introduction
Identification of  skeletal and decomposing human re-

mains is one of the most difficult tasks in forensic medi-
cine, just as determining the sex of an individual. However,  
if successful, sex determination eliminates 50% of  the 
population from further consideration and assists in the 
collection of information for the biological profile of the 
unknown individual.1

It is said that the skeleton, next to the enamel of  the 
teeth, provides important information in the identification 
of gender, as it is last to decompose after death.2 Though 
certain skeletal components, like the pelvis and sternum, 
are widely used in gender determination, these are some-
times recovered in a fragmented or incomplete state.3 In 
such cases, it is imperative to use for forensic purposes 
alternate areas of the skeleton, like the maxilla, since they 
are reported to remain intact, irrespective of  the severe 
destruction of the skull and other bones, and can be used 
for identification of victims.4,5 In view of  that, there are 
a number of studies stating the importance of maxillary 
sinuses in forensic medicine, especially for gender deter-
mination, where the dimensions of sinuses between males 
and females are compared by means of various imaging 
methods.5–14 The results of most of these studies suggest-
ed the utility of the maxillary sinuses in gender determi-
nation. Almost all these studies reported that the sinus 
measurement values (dimensions and volume) are larger 
in males than in females and they correlated this fact with 
the differences in the overall stature of males and females.

Head circumference is also a significant craniofacial criteri-
on which can be used for gender determination, as the litera-
ture states that there is a strong association between head cir-
cumference and body size.15,16 Thus, the correlation between 
the volume of the maxillary sinus and the head circumference 
can provide additional information with regard to the utility 
of the maxillary sinuses in gender determination.

Computed tomography (CT) scans provide an accurate 
assessment of  the paranasal sinuses, craniofacial bones, 
as well as the extent of pneumatization of the sinuses.4–6,17 
Furthermore, the image represents a  series of  contigu-
ous cross-sections and 3-dimensional information, and 
the necessary equipment is available in most hospitals. 
Therefore, the present study was designed to assess the 
utility of the morphometry of the maxillary sinuses using 
CT for gender determination. 

Material and methods
This retrospective study, approved by the institutional eth-

ics committee (at the Datta Meghe Institute of Medical Sci-
ences, Wardha, India), analyzed CT scans of 200 patients.

The inclusion criteria were as follows: CT scans of pa-
tients above 20 years of  age, irrespective of  gender, and 
with both sinuses shown completely. On the other hand, 

the exclusion criteria were: 1. CT scans with artifacts im-
peding the assessment of sinuses; 2. CT scans depicting 
a  craniofacial anomaly or conditions affecting midfacial 
development; 3. CT scans with any anatomic variation 
that might affect the sinus volume, like nasal septal devia-
tion18,19; and 4. CT scans exhibiting signs of sinus patholo-
gies or a surgical defect in the area of interest.

Maxillary sinus hypoplasia is an uncommon pathology 
of the paranasal sinuses, which is classified into 3 types, 
depending on the embryological development of  the si-
nus, and the uncinate process might be encountered in 
the clinical practice. Computed tomography scans con-
firm its existence and any associated anatomical anomaly 
and variations that might coexist.20,21 Computed tomo-
graphy scans depicting sinus hypoplasia were not includ-
ed in the present study.

Axial and coronal images were obtained using a spiral 
CT scanner (Siemens Healthineers, Erlangen, Germany) 
with a scan setting of 140 kV (peak), 129 mAs, scan time 
of 1,000 ms and matrix size of 512 × 512 pixels. During 
the selection of  CT scans for the study, the uniformity 
regarding all the parameters relevant to CT scan imag-
ing was ensured, namely, a uniform position of patients, 
120-kV tube voltage and 175-mAs current-time product, 
tube rotation time, pitch, acquisition collimation, field 
of  view in diameter, slice thickness, etc. Plain CT scans 
were used in the present study. On the contrary, the con-
trast-enhanced CT scans showing evidence of pathology 
were not included in the study.

The study was designed to measure the mediolateral 
(ML), superoinferior (SI) and anteroposterior (AP) di-
mensions, along with the volumes of both the right and 
the left maxillary sinuses of an individual using CT. The 
measurements were taken after analyzing different slices 
in axial and coronal sections. 
–  the AP dimension was measured on an axial recon-

structed image and was defined as the longest distance 
antero-posteriorly from the most anterior point to the 
most posterior point (Fig. 1);

– the SI dimension or the height of the sinus was measured 
on a  coronal reconstructed image and was defined as 
the longest distance from the lowest point of the sinus 
floor to the highest point of the sinus roof (Fig. 2);

– the ML dimension or the width of the sinus was mea-
sured on an axial reconstructed image and was defined 
as the longest distance perpendicular from the median 
wall of  the sinus to the outermost point of  the lateral 
wall of the maxillary sinus (Fig. 1).
The volume of the sinuses was calculated using a simple 

formula described by Sahlstrand-Johnson et al.17:

(ML dimension × SI dimension × AP dimension) / 2    (1)

where:
ML dimension – mediolateral dimension;
SI dimension – superoinferior dimension;
AP dimension – anteroposterior dimension.
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Considering the differences in the midfacial contour be-
tween males and females, such as malar prominence in fe-
males, the present study assessed and compared the angle 
formed by the anterior and lateral wall of the maxillary si-
nuses on an axial view, named the antero-lateral (AL) an-
gle (Fig. 3). Head circumference and head area were also 
measured in the present study on an axial image in order 
to evaluate the correlation between the sinus volume and 
the head circumference and head area (Fig. 4). All these 
measurements were made with the help of a screen linear 
measurement tool on the CT workstation.

The data thus obtained was then tabulated and statisti-
cally analyzed using relevant statistical tests, and the soft-
ware – SPSS v. 22 (IBM, Armonk, USA), GraphPad PrismTM  
v. 6.01 (GraphPad Software, Inc., San Diego, USA) and Epi 
InfoTM v.  6.0 (https://www.cdc.gov/epiinfo/support/down-
loads/previous/ei6.html). The independent samples t-test 
was used to determine the mean, standard deviation (SD) 
and t-value, necessary to assess the level of the parameters 

in males and females. A difference at p < 0.05 was considered 
significant. A discriminant function analysis was done to de-
termine the percentage of correctly sexed maxillary sinuses.

Fig. 1. Axial computed tomography (CT) scan showing the measurement 
of the anteroposterior (AP) and mediolateral (ML) dimensions

Fig. 2. Coronal CT scan showing the measurement of the superoinferior 
(SI) dimension

Fig. 3. Measurement of the antero-lateral (AL) angle of the maxillary sinus

Fig. 4. Measurement of head circumference
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Results
The present study assessed CT scans of  200 patients, 

with equal distribution amongst males and females. In 
males, most of  the CT scans (49%) belonged to the pa-
tients of the age group of 20–30 years and in females, 42% 
CT scans were of the 41–50 years age group.

Comparative evaluation of  various parameters of  the 
right maxillary sinus between males and females, such 
as the mean of AP, ML and SI dimensions, as well as the 
volume and AL angle of the right maxillary sinuses, pre-
sented a statistically significant difference with a p-value 
of 0.0001, as shown in detail in Table 1. The mean vol-
ume of the right maxillary sinuses was 17.21 ±6.26 cm3 in 
males, while for females it was 11.58 ±4.90 cm3. In males, 
the mean AL angle was 76.25 ±9.18° and in females it was 
69.74 ±7.25°, showing a statistically significant difference 
between the genders (Fig. 5).

The study showed similar results for various param-
eters of  the left maxillary sinus. In males, the mean AL 
angle was 82.50 ±17.02° and in females it was 71.68 ±8.36° 
(Fig. 5). Detailed observations referring to all the param-
eters of the left maxillary sinus are shown in Table 2.

Again, with reference to the assessment of  the head 
circumference and head area, a  statistically signifi-
cant difference was observed between males and fe-
males in the mean values. In males, the mean head cir-
cumference was 46.07  ±1.54  cm, while in females the 
mean was 44.26 ±1.52 cm. For the head area, the mean 
was 164.51 ±10.73 cm2 for males and for females it was 
9.19  ±0.91  cm2, with a  t-value of  8.30 and 10.38 for the 
head circumference and head area, respectively (Fig. 6).

The overall comparative results of all the parameters as-
sessed in the present study showed that females had sig-
nificantly smaller values for all parameters as compared 
to males. To establish the correlation between the sinus 
volume and the head circumference and head area, the 
Pearson correlation coefficient was calculated. A positive 
correlation was observed between the volume of the max-

illary sinuses and the head circumference and head area 
on both sides and in both genders; however, it was not 
significant. The findings suggest that the volume of  the 
sinuses is directly proportional to the head circumference 
and head area in males as well as in females.

Table 1. Comparison of different parameters of the right maxillary sinuses between males and females (Student’s unpaired t-test)

Parameter Gender Number Mean SD SEM t-value p-value

AP dimension 
[cm]

M 100 3.67 0.35 0.03
4.05 0.0001*

F 100 3.47 0.34 0.03

ML dimension 
[cm]

M 100 2.78 0.47 0.04
5.74 0.0001*

F 100 2.42 0.42 0.04

SI dimension 
[cm]

M 100 3.30 0.92 0.09
5.55 0.0001*

F 100 2.66 0.68 0.06

Volume 
[cm3]

M 100 17.21 6.26 0.62
7.07 0.0001*

F 100 11.58 4.90 0.49

AL angle 
[°]

M 100 76.25 9.18 0.91
5.56 0.0001*

F 100 69.74 7.25 0.72

M – male; F – female; SD – standard deviation; SEM – standard error of mean; * statistical significance.

Fig. 5. Comparison of the mean AL angle between males and females

Fig. 6. Comparison of the mean head circumference and head area 
between males and females
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The classification function coefficient and the accu-
racy level for each parameter of  the maxillary sinus on 
both sides in determining gender is depicted in Table 3. 
Amongst all the parameters, the left AL angle with 78.5% 
accuracy was found to be the best discriminative param-
eter, followed by the right AL angle with 73% accuracy.

The classification function coefficient and the accuracy 
level for the head circumference and head area in deter-
mining gender was 69% and 76%, respectively.

The final result of  the discriminative analysis showed 
that the potential of  the maxillary sinus in identifying 
gender was 85% in males and 87% in females, with an 
overall accuracy of 86%, as shown in Table 4.

The accuracy of the final model in determining gender for 
the head circumference and head area was 73% in males and 
76% in females, with an overall accuracy of 74.5%.

Discussion
Gender determination of  skull remnants is an essen-

tial step in the identification of an unknown person. The 
present study assessed the utility of the maxillary sinuses 
for that purpose. The comparative assessment of the pa-
rameters of the right and left sides of the maxillary sinuses 
showed statistically significant differences for all the pa-
rameters, and the findings are comparable to the previous 
studies.5,10,12,14,22,23 Amongst all analyzed parameters, the 
left AL angle with an accuracy of 78.5% was the best dis-
criminative parameter, followed by the right AL angle. To 
our knowledge, the AL angle measurement has not been 
previously estimated, and thus its significance has not 
been reported yet.

The AL angle is an angle formed between the anterior and 
lateral wall of the maxillary sinus and was named by the au-
thors as the antero-lateral (AL) angle. The reason behind the 
selection of this angle for gender comparison was the suspi-
cion that there could be a difference in this angle between 
males and females, just as there is a difference in the midfa-
cial contour between men and women. For example, females 
have a  prominent molar region. The researchers thought 
that if the difference was significant, the AL angle might be 
used as an additional parameter in gender determination.

Table 2. Comparison of different parameters of the left maxillary sinuses between males and females  (Student’s unpaired t-test)

Parameter Gender Number Mean SD SEM t-value p-value

AP dimension 
[cm]

M 100 3.56 0.63 0.06
2.21 0.028*

F 100 3.39 0.36 0.03

ML dimension 
[cm]

M 100 2.73 0.58 0.05
6.45 0.0001*

F 100 2.25 0.47 0.04

SI dimension 
[cm]

M 100 3.33 0.62 0.06
6.93 0.0001*

F 100 2.66 0.74 0.07

Volume 
[cm3]

M 100 16.46 6.39 0.63
6.99 0.0001*

F 100 10.77 5.03 0.50

AL angle 
[°]

M 100 82.50 17.02 1.70
5.70 0.0001*

F 100 71.68 8.36 0.83

* statistical significance.

Table 3. Classification function coefficient and accuracy level for each parameter in determining gender

Parameter
Male Female Percentage of correctly 

classified gender [%]constant coefficient constant coefficient

Right – AP −56.05 64 −50.18 64 64

Right – ML −19.74 65 −15.06 71 68

Right – SI −8.88 70 −6.01 63 66.5

Right – volume −5.38 59 −2.81 69 64

Right – AL angle −43.12 68 −36.18 78 73

Left – AP −24.08 67 −21.99 47 57

Left – ML −14.03 54 −9.73 68 61

Left – SI −12.38 73 −8.12 70 71.5

Left – volume −4.78 59 −2.44 67 63

Left – AL angle −19.61 76 −14.98 81 78.5

Table 4. Accuracy of the final model in determining gender for the 
maxillary sinus

Actual 
gender

Male
Total Percentage of correctly 

classified gender [%]male female

Male 85 15 100

86Female 13 87 100

Total 98 102 200
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The presence of a  statistically highly significant differ-
ence between males and females in the AL angle of  the 
right and left side maxillary sinuses, as well as the maximal 
final accuracy level for angle criteria in the present study 
suggest that the AL angle of  the maxillary sinus can be 
used in gender determination for forensic purposes. The 
reason for a greater AL angle in males could be the overall 
larger size of the maxillary sinus as compared to females. 
The findings of this study are considered distinctive.

In the present study, amongst the remaining parameters 
of the maxillary sinus, the left SI dimension was the best 
discriminative parameter next to the AL angle. Similarly, 
previous studies mentioned various parameters of  the 
maxillary sinus to be the best discriminants in their stud-
ies, some of which are depicted in Table 5.

In a review article by Xavier et al., it is concluded that 
the frontal and maxillary sinuses provide important in-
formation in the forensic context and, in the case of the 
maxillary sinus, allow for sex determination.24

On the contrary, Saccucci et al. stated that it was im-
possible to support the use of  the maxillary sinuses to 
discern sexual differences in corpse identification by 
means of cone beam CT.11 Also, the results of the study by 
Etemadi et al.25 showed that the volume of the maxillary 
sinus could not serve as a definite and reliable indicator 
for sexual determination.25

The overall results of  the present study showed that the 
dimensions and volume of the maxillary sinuses were greater 
in males; this finding is comparable to many previous stud-
ies, and thus can be used for gender determination as men-
tioned above. The common parameter for sexual difference 
mentioned in the literature is a bigger body size in males in 
comparison to females. Males tend to exhibit larger, more 
robust features, which can be seen throughout the cranial 
and post-cranial skeleton. Females tend to retain more of the 
pedomorphic traits throughout development.26

Sahlstrand-Johnson et al. suggested that, since men are 
generally larger than women, men have larger sinuses, and 
thus the difference in volume between males and females ex-
ists.17 Sharma et al. correlated the difference in the maxillary 
sinus dimensions between the genders with the physiologi-
cal changes in the nasal cavity size and shape, which occur as 
a direct result of respiration-related needs.5

The present study draws attention to the fact that, al-
though men are generally larger than women, this rule is 
not always applicable. There can be a  strong, stout, tall 
female and, by contrast, a short, thin, average built male. 
Considering this fact, the authors attempted to correlate 
the volume of  the sinuses with the head circumference, 
as the literature states that there is a  strong association 
between the head circumference and body size.15,16 It was 
not possible to correlate the volume of  the sinuses with 
the height, weight and body size of  the patients in the 
present study, as this study was retrospective. The Pear-
son correlation between the mean volume of the sinuses 
and the head circumference was assessed in terms of sig-

nificance. A  positive correlation was observed between 
the volume of the maxillary sinuses of both sides and in 
both genders and the head circumference and head area. 
Still, the correlation was not significant.

Based on all the parameters used, the overall accuracy 
rate in terms of determining the sex by means of maxillary 
sinus measurements was 86% (85% in males and 87% in fe-
males) in the present study. The results are comparable to 
those presented in a study by Prabhat et al.,6 in which the 
overall accuracy rate was 83.3%. In a similar study by Bangi 
et al., it was 88%.14 However, in most of the previous stud-
ies, the percentage was comparatively low.4,7,9,13,26,27 In the 
studies by Teke et al. and Kiruba et al., the overall accuracy 
rate was below 70%.4,28 The reasons for these variations are 
multiple and may include such factors as different ethnic 
and racial groups, genetic and environmental factors, dif-
ferences in the body stature, skeletal size, height, etc. Be-
sides, the anatomical variations of the sinus, differences in 
osteoclastic and osteoblastic activity and in the pneumati-
zation process in the sinus in different age and sex groups, 
or past infections may influence the results.

The final result of  the discriminative analysis showed 
that the efficiency of  using the head circumference and 
head area to identify gender was 73% in males and 76% in 
females, with an overall accuracy of 74.5%.

To our knowledge this is the first report mentioning 
the significance of  the AL angle of  the maxillary sinus, 
head circumference and head area in sexual determina-
tion. There is scope for further research on these new 
parameters for sex determination. The authors mention 
1 possible limitation of this study; as the study was retro-
spective, it was not possible to establish a direct correla-
tion between the volume of the sinuses and the body size 
of the participants.

Conclusions
The maxillary sinus measurements, as well as head cir-

cumference and head area, are valuable parameters for 
sex determination in forensic medicine, with a relatively 
good accuracy rate. However, the prediction rate can be 
increased by including the AL angle of  the maxillary si-
nus. The overall accuracy of using the maxillary sinus to 
identify gender was 86%.

Table 5. Best discriminative maxillary sinus parameters in previous studies 
with their accuracy level

Authors Maxillary sinus 
parameters

Accuracy level  
[%]

Urooge et al.27 left width 60

Uthman et al.7 height 71.6

Attia et al.8 right height 69.9

Ahmed et al.10 left width 61.3

Sharma et al.5 AP dimension 69.81

https://www.hindawi.com/71643521/
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