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ABSTRACT

INTRODUCTION: Forensic anthropology is the application of the medical science in the criminal law. The identification of human
skeletal remains is considered the first challenging and important step of unknown skull and very crucial for further analysis. In
forensic medicine the adult skeleton gender determination is usually the first step of the identification process.

OBJECTIVES: The primary aim of this study was to assess the possibility of using cone beam computed tomography (CBCT) images
for gender and age determination through the evaluation of maxillary sinus linear measurements, the second aim to determine the
prevalence of maxillary sinus septa and to detect the most common shape of maxillary sinus.

MATERIALS AND METHODS: The present study was conducted in Department of Oral Medicine, Periodontology, Oral Diagnosis
and Oral Radiology, Faculty of Dentistry, Alexandria University. Retrospectively 82 CBCT scans of Egyptian patients aged 20-65
years were included in a cross-sectional study that was designed to measure three parameters (height, width and length) of maxillary
sinus bilaterally in axial and coronal view using On-Demand® software. Moreover estimation of the prevalence of maxillary sinus
septa and evaluation of maxillary sinus morphology was performed.

RESULTS: The studied sample showed statistically insignificant differences (p > 0.05) in maxillary sinus measurements between
males and females and between maxillary sinus measurements according to age group. Sinus septa were present in 78 (47%) of the
164 maxillary sinuses, and according to the maxillary sinus morphology the main 3D shape was pyramidal shape in (upside down

triangle) in 100% of the cases.

CONCLUSIONS: linear measurements of maxillary sinus on the CBCT images cannot be used for gender or age determination.
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INTRODUCTION

Forensic anthropology is the application of the medical
science in criminal law. The identification of human skeletal
remains of unknown skulls is considered the first challenging
and important step and is crucial for further analysis (1).

In mass disasters like terrorist attacks, plane crashes, explosions,
earthquakes and warfare, the identification of unknown
individuals is very difficult and depends on the available bones
and their conditions (1-2). The determination of gender can be
done through various body parts, like the skull (3), pelvis (1) and,
frontal sinuses (4). As evident from earlier studies the most
helpful area of the body for comparative radiography is the
cranium (5), where the skull is the most dimorphic and easily
sexed portion of skeleton after pelvis, providing accuracy up to
92% (1). It has been reported that the gender can be determined
with an accuracy of 100% if skeleton exists completely, 98%
from both the pelvis and the skull, 95% from the pelvis only or
the pelvis and long bones, 90-95% from both skull and long
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bones 80-90% from long bones only. Forensic investigators
receives unknown skeletal remains, the key is to use bones that
remain intact, like maxillary sinuses (6,7).

Radiographs are indispensable tools that are used in forensic
anthropology; radiographic method is the simplest and
cheapest method for gender and age determination when
compared to the other methods like the histological and
biochemical methods. The accuracy of measurements on
radiographs is based on the quality of the radiographs (8).
Maxillary sinus radiography has been used for determination
of gender and age. It has been reported that Computed
Tomography (CT scans) is an excellent imaging modality in
the identification of unknown remains and are used a gold
standard to evaluate the true anatomy of sinuses (9), it also
provides an accurate assessment of the paranasal sinuses and
craniofacial bones (10). CT linear measurements of maxillary
sinuses are very useful and can be used in determination of
gender and age in forensic medicine. However, their use is
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limited because of high cost, and because of their restricted
accessibility.

With the introduction of CBCT, these drawbacks have been
overcome (planning with minimal radiation dose and
artifacts). Cone beam computed tomography (CBCT) is an X-
ray beam and detector system that moves around the part of
the body being examined. CBCT is the preferred choice of
methodology for diagnosis in almost all fields of dentistry
including forensic dentistry (11).

Cone beam computed tomography is highly accurate and
reproducible in linear measurements in the axial and coronal
image planes and in different areas of the maxillofacial region
(8). CBCT can visualize and provide precise information
about teeth and surrounding complex anatomical structures, as
it is characterized by rapid volumetric image acquisition with
high resolution and low dose radiation level. The crucial
benefit of CBCT is overcoming the limitations of
conventional radiography by producing 3D images that allow
a comprehensive evaluation of the anatomy of the region of
interest (12), these advantages of CBCT make it a reliable tool
in dental researches.

The maxillary sinus is the largest and the first paranasal sinus
to develop. It is a pneumatic space that is located in the body
of the maxilla bilaterally and opens in the middle nasal meatus
of the nasal cavity with single or multiple openings. It consists
of two pyramidal shaped air filled cavities lined with mucosa
(13-14). There are various shapes of maxillary sinus, that is,
triangular, leaf, scapular, and renal shaped (15), it has been
reported that triangular sinuses were the most common in both
females and males (15). The sinus measures about 8 x 4 mm
at birth, and is situated with its longer dimension directed
anteriorly and posteriorly (16). The average dimensions of the
adult maxillary sinus are 25-35 mm in width, 36-45 mm in
height, and 38-45 mm in length (17). It develops at the tenth
to eleventh weeks of intrauterine life. The maxillary sinus
enlarges variably and greatly by pneumatization until it
reaches the adult size by the eruption of the permanent teeth
(16). The maxillary sinus tends to be stable after the second
decade of life and thus, reliable measurements can be achieved
by radiographic images after the age of 20 years (11).
Maxillary sinus septa are barriers of cortical bone, described
as an inverted gothic arch arising from the inferior or lateral
walls of the maxillary sinus that divide the sinus floor into
multiple compartments, known as recesses (16-18). These
septa were first analyzed by Arthur S. Underwood, an
anatomist who reported their prevalence and characteristics
and these septa were afterwards, referred to as Underwood’s
septa (18).

To the best of our knowledge, most of the studies of gender
and age determination by maxillary sinus linear
measurements, and for determination of the maxillary sinus
morphology and for detection the prevalence maxillary sinus
septa have been performed using CT scan images. Only a few
studies using CBCT imaging modality have been reported till
date.

MATERIALS AND METHODS
1. Study design
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A retrospective study was conducted on eighty two CBCT
images with age range between 20 years and 65 years old, all
CBCT images were selected from Department of Oral
Radiology, Faculty of Dentistry, and Alexandria University.
An approval was obtained from the ethics committee at the
faculty of dentistry, Alexandria University, Egypt (IRB
00010556)-(IORG 0008839).

2. Sample Size

A sample size of 82 CBCT images were required to detect an

area under ROC curve (AUC) of 0.70 relative to a null value

of 0.50, as statistically significant with 80% power and at a

significance level of 0.05. The sample size was calculated

using Medcalc program version 12.2.1.0 (19).

3. Criteria for patient selection

Inclusion Criteria

- Cone beam computed tomography images already taken
for implant, root canal treatment or extraction.

- Images with good resolution.

- The study included the CBCT images for patients between
age 20 to 65 years

- Some images included patients with loss of the upper
posterior teeth (missed one tooth or more than one tooth).

Exclusion Criteria

- Known cases of maxillary pathologies like (tumors,
odontogenic lesions, bone lesions, traumatic injuries) were
excluded from the study.

- Patients with injuries or fractures affecting the maxillary
sinus.

- Scans of patients less than 20 years of age were excluded
because of the maxillary sinus tends to be stabilize after
second decade of life.

- Patients with idiopathic maxillary sinus pneumatization.

- Images of low resolution quality.

- Distortion of images or presence of any artifacts.

- Patients with history of any oral-maxillofacial surgical
intervention in the area of maxillary sinus.

4. Radiographic examination

Each linear measurement was recorded with the help of

OnDemand® software at two times in two different

measurement sessions with an interval of one week to

minimize memory bias. Then the mean value of each two
records was taken.

The mean and the standard deviation for each measurement in

each side were calculated, and compared statistically between

male and female groups to determine if there was any
statistical difference between genders. Also mean and standard
deviation were compared in patients younger and older than

40 years to predict the age. Evaluation of the presence of septa

and detection the maxillary sinus morphology was done. All

results were tabulated.

Measurements

The height of the maxillary sinus was measured on the frontal

plane, while the length and width measurements were

measured on the axial planes.

- The height was measured from the inner wall of the
anterior borders of maxillary sinus, as the longest distance
between the lowest points of the floor of the sinus to the
highest point of the roof of the sinus in the coronal view

(Fig.1).
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- The width was the greatest distance horizontally from the
medial surface to the most lateral point of maxillary sinus
in the axial view (Fig. 2, A).

- The length (Depth) was defined as the longest distance from
the most anterior point of the medial wall to the posterior
point of maxillary sinus in the axial view (Fig. 2, B).

Maxillary sinuses were evaluated for presence of septa, and

for the morphology of the maxillary sinus through CBCT.

CBCT images

Cone beam computed tomography images of the maxillary

sinus were obtained using I-CAT machine (Imaging science

International, 2nd generation, Hatfield, PA, USA).

Figure (2): A) Showed the width of the maxillary sinus on
axial view. B) Showed the length of the maxillary sinus on
axial view.

5. Statistical analysis

Data were collected and entered to the computer using SPSS
(Statistical Package for Social Science) program for statistical
analysis (ver 21) (IBM Corp, Armonk, NY, USA). Data were
entered as numerical or categorical, as appropriate. The
Kolmogorov-Smirnov test of normality revealed no significance
in the distribution of the variables, so the parametric statistics
was adopted (20). Data were described using minimum,
maximum, mean, standard deviation and 95% CI of the mean.
Comparisons were carried out between two studied independent
normally distributed variables using independent sample t test
(21). When Levene's test for equality of variances was

Alexandria Dental Journal. VVolume 46 Issue 2 Section A

Maxillary sinus assessment in gender determination using CBCT

significant, Welch's t-test was used, which is an adaptation of
Student's t-test, and is more reliable when the two samples have
unequal variances and unequal sample sizes (22). Comparisons
were carried out between the two studied groups dependent on
normally distributed variables using paired t-test. Bar chart with
95% error bar graph was used accordingly.

An alpha level was set to 5% with a significance level of 95%,
and a beta error accepted up to 20% with a power of study of
80%.

RESULTS

The present study was carried out to evaluate the linear
measurements of maxillary sinuses.

The p value of the height of right maxillary sinus was 0.068
that means there was no statistical significant difference
between males and females. Similarly, the p value of the
height of left maxillary sinus was 0.160 indicating that there
was no statistical significant difference between males and
females on that side as well.

With respect to the width of right maxillary sinus the p value
was 0.764 and for the left maxillary sinus it was 0.628 which
means that there was no statistical significant difference
between males and females with respect to this variable on
either side of the jaw.

Furthermore, the p value of the length of right maxillary sinus
was 0.256 and for the left maxillary sinus it was 0.465. Both
values mean that there was no statistical significant difference
between males and females with respect to this variable on
either side of the jaw.

The p value of the height of right maxillary sinus was 0.330
and for the height of left maxillary sinus left maxillary sinus it
was 0.989 that means there was no statistical significant
difference between patients younger and older than 40 years
of age with respect to this variable bilaterally.

The p value of the width of right maxillary sinus was 0.169
and for the right maxillary sinus it was 0.084, which means
there was no significant difference between patients younger
and older than 40 years of age with respect to maxillary sinus
width.

The p value of the length of right side maxillary sinus was
0.879 and for the right side it was 0.469. This means there was
no statistical significant difference between patients younger
and older than 40 years of age with respect to maxillary sinus
length bilaterally.

Prevalence of Septa

A total of 82 patients were analyzed through cone beam
computed tomography (CBCT). Therefore, a total of 164
maxillary sinuses were included in this study. The number of
maxillary sinus septa was determined. Septa were found in
about 47% of total sinuses.

The present study concluded that maxillary sinus septa could
be present unilaterally or bilaterally, and maxillary sinus could
have one or more septa (Fig.3).

Right maxillary sinus septa

Septa in the right maxillary sinuses were found in 42 sinuses,
about 51% of all right maxillary sinuses. Divided into 20
male, about 64% of all males in the present study had right
maxillary sinus septa, and in 22 female, about 43% of all
females in the present study had right maxillary sinus septa.
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Left maxillary sinus septa

Septa in the left maxillary sinuses were found in 35 sinuses,
about 42% of all left maxillary sinuses. Divided into 15 male,
about 48% of all males in the present study had left maxillary
sinus septa, and in 20 female, about 39% of all females in the
present study had left maxillary sinus septa.

Maxillary sinus morphology

Maxillary sinus was classified in to five different anterior
shapes (23): Type 1 (triangular), Type 2 (upside down triangle),
Type 3 (square), Type 4 (irregular) and Type 5 (rectangular).
These shapes were identified in the anterior view.

The main 3D shape of bilateral maxillary sinuses identified
according to the above classification was Type 2 which is
(upside down triangle). There was no association between
gender and shape in the current study.

In the present study the most common maxillary sinus 3D
morphology found in this Egyptian population sample was the
pyramidal shape in 100% of all images that were analyzed,
(Type 2) according to Rennie (23) classification (Fig.4).

Figure (3): Shows presence of Intra-sinus septa in anterior
region maxillary sinus bilaterally. (Axial view of CBCT).

Table (1): Show comparison between males and females
according to the height, width, and length of right and left
maxillary sinus.

Maxillary sinus assessment in gender determination using CBCT

The length | Mate (31 [2%%5 [3560 | 476 33946
of right 42.33 37.441
ill t (d=80=0.1.143 p=0.256
maxillary | e |51 [2486 |45 | 3.92(33482- NS
sinus 42,55 % 35.689
The length 28.26- 34.972-
p Iefg Male (31 |5,%57 |3639 | 3.88 |5 0
ill t(dr=60)=0.735 | p=0.465
MY | remale |51 [1B95 |a5.66 | a7 34347 NS
sInus 44.20 . . 36.972

Figure (4): Shows the pyramidal 3d shape of maxillary sinus
bilaterally onCBCT using the OnDemand software.

Table (2): Show comparison between patients younger and
older than 40 years old according to the height, width, and
length of right and left maxillary sinus.

95%
ClI for
mean

The height - 32.7732-

of right : 35.1300 | t(w)(dr=80)=0.980

maxillary - 32.4975-
sinus ’ 37.8438

The height - 32.7847-
of left ’ 35.5105 t(ar=80=0.014
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sinus “““| 36.9260

95%
ClI for
mean

he width - 25.5629-
of right ’ 28.5755
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sinus ’ 27.1612
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he width - 25.3803-
of left ’ 28.5257
maxillary - 22.2116-
sinus ’ 26.8566

t(df=80)=1.651

95%
ClI for
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(mm) MY eemate [51 20| aa40 | asa| 3% 1871 NS
he height | mate |31 | 2%24| 3525 | 661 | 32828
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95%
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[The width 14.23- 24.781-
width | ofright | Male 31 J3574 | 2679 549 |95 a7 . 0301 | peo76s
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sinus 38.27 i 27.996
Thewidth |\ lag (1195 | 5ggq | 593 [23719-
of left 36.53 28.067 _
; t(dr=80)=0.486 | p=0.628
maxillary | coae 51 |128L | 26.55 | 5.9 |24868 NS
sinus 40.48 - ° | 28.238
95%
Length Min Cl
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mean
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he length - 33.9466-
of right ' 36.1509 t(dr=80)=0.153
naxillary 32.9526-

sinus 36.8174

he length - 34.9422-
of left ’ 37.3600

hnaxillary 23.8303- t(dr=80)=0.728
sinus y

36.8788

DISCUSSION
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In forensic anthropology determination of gender and age by
morphological assessment has been represented to be one of
the oldest procedures (6). Identification the remains of human
skeletons are an important challenge step and one of the most
difficult approaches in forensic medicine. The method may
vary and depends on the available bones and their conditions.
Maxillary sinus radiography has been used for identification
of skeletal remains and for determination of gender and age;
however, levels of sexual dimorphism are population specific
due to a combination of genetic and environmental factors.
CBCT provide highly accurate linear measurements, thus the
present study was designed to evaluate the reliability and
accuracy of maxillary sinus dimensions measurement for
gender and age determination using CBCT of 82 patient
images. Results of our study have indicated that there was no
statistical significant difference in maxillary sinus height,
width, and length between male and female groups. And there
was no statistically significant difference between patients
younger and older than 40 years of age.

Unlike the facts pointed out by Uthman et al., (24), who
found that the maxillary sinus height was the best discriminant
parameter that could be used to study sexual dimorphism with
an overall accuracy of 71.6%. And what was obtained by
Amin and Hassan (25), who reported that height measurement
of the maxillary sinus is the most reliable predictor of gender
with a correct predictive accuracy of 70.8% in males and
62.5% in females respectively, the present study showed that
height measurements was not statistically significant values.
On the other hand Azhar et al., (26), showed that the left
maxillary sinus width was the best discriminate parameter
(with an overall accuracy of 61.3%) and diameters of the
maxillary sinus can be used successfully as an adjunct tool for
sex determination, inconsistent to the present study that
showed width measurements was not statistically significant
different values.

In the Vidya et al., (27) study, significant statistical difference
was found in the right maxillary sinus volume between males
and females. The present study did not measure maxillary sinus
volumes.

In another study conducted by Sharma et al., (28), the maxillary
sinus length was the best discriminant parameter with an overall
accuracy of 69.81%, which is in disagreement to the present
study that showed length measurements was not statistically
significant values.

In another study by Bangi et al., (29), concluded that gender
determination can be done using measurements of maxillary
sinus with an overall accuracy rate of 88%. This result
coincides with result obtained by Ekizoglu et al., (30), who
reported that morphometric analysis of maxillary sinuses will
be helpful for gender determination with an overall accuracy
rate of maxillary sinus was 77.15%. Similar results obtained
by Prabhath et al., (7) who reported an overall accuracy rate of
83.3% in predicting gender. Teke et al., (6), also found that
significant difference in the width, height and length of the
maxillary sinuses between males and females have an
accuracy level rate of 69.3%.

In a study by Fernandes (5), reported that maxillary sinus of
males were found narrower than female in Zululand and wider
in males than females in Europe. In contrast, the current study
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showed that there was no statistical difference between
females and males.

The results of the present study were different from other
previous studies; all of previous studies used CT scan for
evaluation of maxillary sinus measurement in gender and age
determination, which carries high radiation exposure to the
patients and also relatively high cost.

However, other studies used CBCT as Tambawala et al., (31)
study, who concluded that maxillary sinus height was the best
discriminant parameter with overall accuracy of 71.6%.
Conversely, to many studies conducted, Saccucci et al., (32),
reported a study on gender determination using maxillary
sinus by means of CBCT. No statistical difference was found
in patient’s maxillary sinus volumes between genders and they
concluded that it is not possible to use the maxillary sinus to
discern sexual difference in corpse identification. This is in
agreement with conclusion of the present study that showed
maxillary sinus measurements not used in gender and age
determination

Most authors have reported significant differences in the
measurements of maxillary sinus between males and females.
Where Saccucci et al., (32) reported no such differences,
similar to our results that reject the hypothesis of maxillary
sinus measurements can determine gender and age, and
showed no statistical significant difference between males and
females in relation to the right and the left maxillary sinus
length, height dimensions and width dimensions, and between
maxillary sinus measurements and age groups.

Our findings concerning evaluation of the maxillary
measurement in gender and age determination are different
from the results of most of previous studies that carried out in
the different population. These differences may be explained
by combination of many factors like regional diversity in the
morphometric characteristics among various populations all
over the world, which may have an influence on the outcome
of morphological studies.

Another factor for these differences between the results of the
studies may be due to variations of measurement methods,
sample sizes and to different ethnic and racial groups. This
variation among different populations may have resulted from
the difference in genetic traits, foods, habits, post infections
and environmental factors, these factors resulting distinct
anatomic features like differences in body stature, skeletal
size, height and difference in osteoclastic and osteoplastic
activity and pneumatization process of maxillary sinus, which
can affect the sizes of maxillary sinus. Additionally,
differences in the imaging soft wares and different
radiographic machines utilized in studies may also contribute
to this variation as most of the previous studies have been
conducted on different soft wares and different of CT scans
machines.

The results of the present study revealed that sinus septa were
found in about 47% of total sinuses were analyzed. Prevalence
of septa in the right side was more than the left side with a
higher prevalence in males than females.

The results of the CT evaluation of the maxillary sinus septa
in the other studies are not consistent with those of the present
one. On the other hand, the prevalence of maxillary sinus
septa with use of CBCT is nearly close to the results obtained
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by the present study. The prevalence of sinus septa was
reported to be 55.2% by llgiy et al., (33), 58% as found by
Orhan et al., (19) and 47% as reported by Neugebauer et al.,
(34), in another study, Lana et al., (35), stated that the
prevalence of antral septa was 44.4%.

Few studies analyzed the shape of the maxillary sinus. The
maxillary sinus varies according to age, sex, and population
groups; however there are limited studies that have illustrated
its 3D form over time.

The present study evaluated the morphology of the maxillary
sinus by use of CBCT, and found that there was no any
association between gender or age and shape, and concluded
that the main shape identified on the right and left maxillary
sinuses of Egyptian population sample was pyramidal shape
(Type 2 according to Rennie classification) (23) in 100% of
images that were analyzed. These results are similar to those
by Kim et al., (36), who reported that Type 2 was the most
prevalent sinus morphology in the Korean sample.

To date, no similar study conducted on the Egyptian
population has been reported. Therefore, the aim of the current
study was to evaluate the reliability of maxillary sinus
measurements for gender and age determination by analyzing
CBCT images. The study sample only included Egyptian
patients in order to avoid variations arising from ethnicity.
This could explain why the results may not coincide with
other studies that were conducted on different populations.
Results of the present study showed that there were no
difference in the mean values for most of the studied
measurements in males and females.

CONCLUSION

In conclusion this study shows that the maxillary sinus linear
measurements of height, width, length did not show any
significant difference between males and females and was not a
reliable discriminant parameter that could be used for the
purpose of sex discrimination.
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