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Background: Post mortem identification of human remains with severe crushing and mutilating skeletal injuries from mass burials and 
natural disasters, is a challenging forensic procedure. Gender determination from skeletal remains requires a comparison between 
established ante-mortem data and post-mortem findings from mostly intact, easily recoverable parts of the skeleton, like the skull base 
sphenoid bone. Computed tomography, being the gold standard for radiological assessment of the paranasal sinuses, offers accurate and 
precise information about skeletal tissues. The aim of the study was to determine the sex of subjects from measurements of the sphenoid 
sinus using computerized tomography.

Materials and Methods: Computerised tomography images of 323 adult sphenoid sinuses, obtained over a six-year period, from individuals 
whose ages ranged from 18 to 80 years were recruited, and the study was conducted at the Radiology Department of the Usmanu Danfodiyo 
University Teaching Hospital, Sokoto, following ethical approval. Images were taken with a GE Brightspeed Multidetector Helical CT Scanner, 
the anteroposterior, craniocaudal and transverse dimensions were measured on sagittal reformatted, axial and coronal reconstructed CT 
images respectively, and the volumes were determined. Measurements were taken in millimetres, between the widest points at the middle of 
the sinus walls from three-dimensional reconstructed images using the RadiAnt Version 4.2 (Medixant, 2017), powered by the Digital Imaging 
and Communication in Medicine (DICOM) viewer software. These images were viewed on bone windows.

Results: Sinus volume and the transverse diameter, each correctly classified the sexes of subjects, in 60.4% of cases. However, when all the 
measured parameters of the sinus were analysed together as a single factor for sex determination, an overall value of 57.6% was obtained.

Conclusion: Computerized Tomography measurements of sphenoid sinus dimensions could be useful in support of gender identification in 
unknown severely damaged human remains with speared sphenoid bone. 
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The sphenoid sinus is a pneumatic cavity, cuboidal in shape, within the body of the 
sphenoid bone. Among the paranasal sinuses, it is the most variable (1,2). Paranasal 

air sinuses grow as diverticulae of the lateral nasal wall and subsequently extend into the 
frontal, maxilla, ethmoid, and sphenoid bones. They achieve their maximum sizes during 
puberty and contribute to the definitive shape of the face (3). The normal sizes and 
dimensions of the paranasal air sinuses are vital, for the establishment of base line ante-
mortem data, treatment planning, and evaluation of outcome (4). One of the most 
important and earliest area of concerns to forensic anthropologist was the 
determination of sex, race, age, stature, disease conditions and other anomalies, from 
the analysis of measurements and observations obtained from post mortem data (5,6). 
The conclusions from these studies were so fundamental and valuable to building up and 
establishing ante mortem biological profiles for groups and races (5,7). Several studies 
have identified sex from unknown skeletons using intact human skulls, the pelvis, and 
long bones with unbroken epiphysis and metaphysis (8,9,10,11). It is of note that, in 
cases of severe mutilating skeletal injuries, burns, exacerbated changes from mass 
burials, natural disasters, and victims of war crimes, where severe bone fragmentation 
and distortions may have taken place, identification of person from such bones, via 
forensic anthropology, may be extremely difficult. Yet, in these cases, retrievable bony 
fragments that could be recovered intact, like the skull base with an intact sphenoid 
sinus, could provide valuable information for identification, even when the skull and other 
bones may be badly disfigured (11,12,13). By location, the sphenoid sinus is buried within 
the body of the sphenoid bone, on the skull base, as such, increases its chances of being 
recovered intact (1,11,12). Computed tomography (CT) is the gold standard for 
radiological assessment of the paranasal sinuses (14). The use of helical CT followed by 
multiplanar and three-dimensional reconstructions, has improved both the quality and 
quantity of available information about the paranasal sinuses, not directly visible with 
procedures like the x-ray (15). The fact that, CTs are readily available, non-invasive, with 
reduced exposure to radiation, compared to x-rays, makes them ideal, easy, and a 
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preferred investigative method (14,15,16). Computed 
tomography technology has become more accurate 
and precise in its information, and has developed into 
a fundamental research tool in many scientific and 
creative disciplines (16). In forensic anthropology, 
post-mortem identification requires the existence of 
an established ante mortem record with which 
comparison can be studied with the outcome of a 
post mortem finding (11, 12). Studies that apply the 
CT measurements of the sphenoid sinus or its 
volumetric analysis in gender determination are few 
(17). In Nigeria and Africa, these ante mortem 
records, derived from CT measurements, are not 
readily available; therefore, the aim of this study was 
to evaluate the ability of CT measurements of the 
sphenoid sinus dimensions to identify sex of 
individuals. The data from this study could be required 
for the identification of subjects of African origin. 

Materials and Methods 

Computed tomography images of 323 apparently 

normal adult sphenoid sinuses taken over a six-year 

period (August 2014 - July 2020), were obtained from 

patients with age range, 18 to 80 years, (mean age, 

41.4 years ± 17.8), and retrospectively studied at the 

Radiology Department of the Usmanu Danfodiyo 

University Teaching Hospital, Sokoto, following 

institutional ethical approval. Computed tomography 

images of patients who had history of skull base 

surgery, or distortion of the normal anatomy of the 

skull base and the sphenoid region from any cause, 

were excluded. All images were taken with a GE 

Brightspeed Multidetector 4 Slice Helical CT (GE 

Healthcare, U.S.A, 2005) scanner, at 200 mAs, 120 

KVp, 15 cm Field of View, slice thickness of 2.5 mm, 

512 X 512 matrix and a standard reconstruction 

algorithm. The CT slides were viewed on the computer 

using the Digital Imaging and Communication in 

Medicine (DICOM) viewer, driven by the RadiAnt 

Version 4.2 software. Three sphenoid sinus 

dimensions were measured: the anteroposterior, 

craniocaudal and transverse diameters, on sagittal 

reformatted, axial and coronal reconstructed CT 

images respectively. Measurements were taken in 

millimetres between the widest points at the mid-

sinus walls by two radiologists, and the average of 

each measurement was recorded. The sinus volume 

was calculated using the ellipsoid formula; Sinus 

Volume = 1/2 x A x B x C (18). Where, A, B, and C are the 

e l l ipso id  d iameters  cor respond ing  to  the 

anteroposter ior  (AP)  t ransverse (TR) ,  and 

craniocaudal (CC), diameters respectively. Data was 

entered into computer using Microsoft Office Excel, 

2007, data and discriminant function analysis, were 

conducted using SPSS Version 22.

Results

In Table 1, the sex differences in the mean values of 

the sphenoid sinus dimensions are shown.
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Figure 1. Sagittal sphenoid sinus CT image demonstrating 
landmarks of measurements, AP = Anteroposterior Diameter 
(depth), and CC = Craniocaudal Diameter (vertical distance or 
height) of the sphenoid sinus

Figure 2. Coronal slide of the sphenoid sinus CT illustrating 
landmarks of measurements, TR= Transverse Diameter (width) of 
the sphenoid sinus. RT = Right Side,  LT = Left Side

Figure 3: Diagram showing the determination of sinus volume by 
the simplified ellipsoid formula. A, B, and C are the Ellipsoid 
Diameters corresponding to anteroposterior (AP) transverse (TR), 
and craniocaudal (CC), diameters respectively (18)

doi.org/10.51658/ABMS.202231.10



https://www.abms.udusok.org

Aliu and Zagga… Cephalometric Analysis of Sphenoid Sinus Dimensions for Sex Identification: A Radiologic Study

doi.org/10.51658/ABMS.202231.10

218

In a study to evaluate the 
summation of volumes of the 
sphenoid, maxillary and frontal 
sinuses in gender estimation, 
Wanzeler et al., reported 96.2% 
estimation for males, 92.7% for 
females, and concluded that, 
sinus volume analysis using CT, 
m a y  b e  u s e f u l  f o r  s e x 
identification (24). Their values 
for sex estimation were higher 
than those reported in this 
study. This may be due to the 
fact that, they estimated sex 
from a combination of volumes 
of all paranasal sinuses, while in 
this study, only the sphenoid 
sinus volume was evaluated as 
a tool for sex estimation. Here, it 
is important to note that, facial 
injuries can alter the anatomy of 
the  f ronta l  and maxi l la ry 
sinuses, thus, rendering them 
unsuitable for this application, 
this fur ther highlights the 
significance of this study. In 
2017, Farazdaghi et al, reported 
a similar study at Isfahan, Iran, 
concluded that, the sphenoid 
sinus volume was a poor factor 
for gender estimation (25). This 
was based on the finding that, 
a l though the  mean s inus 
volume was significantly higher 
in males than in females, the 
assessed volumetric cut off 
p o i n t  b e c a m e
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