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 ABSTRACT

OBJECTIVE  This study aims to determine the forensic importance and 
applicability of the frontal sinus by evaluating its morphoscopic and mor-
phometric characteristics in relation to sex.

METHODS  Antero-posterior skull radiographs of 235 individuals (141 
males and 94 females) were taken using a standardized procedure. Frontal 
sinus morphology was observed and classified. Specific measurements (A 
to D) were conducted to estimate sex by developing logistic regression 
equations.

RESULTS Frontal sinus symmetry was detected in 58.7% of the indivi- 
duals. Morphometric analyses of frontal sinuses were only moderately  
correlated with the sex, with an area under the ROC curve of 0.629 (meas-
urement A). The recommended cut-off score of measurement A was 6.47 
cm, in which the sensitivity and specificity were 78.7% and 59.6%, respec-
tively. 

CONCLUSIONS This study found significant individual variation in the 
frontal sinus patterns. Evaluating the frontal sinus could be used as an 
adjunct to other methods of personal identification, particularly for sex 
estimation.  

 KEYWORDS frontal sinus, sex, forensic radiology, skull radiograph

Correspondence:  
Vijarn Vachirawongsakorn, MD,  PhD, 
Department of Forensic Medicine, 
Faculty of Medicine Siriraj Hospital, 
Mahidol University, 2 Wanglang 
Rd. Bangkoknoi, Bangkok 10700, 
Thailand.   
E-mail: vijarn.vac@mahidol.ac.th

Received: January 27, 2025;   
Revised:  March 23, 2025;  
Accepted: April 1, 2025

INTRODUCTION
Human identification is a complex, systematic, 

and standardized process involving comparison 
of individual information about a missing person, 
including biological and personal information, 
with comparable data gathered from unknown 
human remains. Scientific techniques such as fin-
gerprint analysis, DNA and dental matching, and 
anthropological methods are mentioned as com-
mon practices for personal identification (1, 2). To 
identify unknown deceased individuals, human 
identification is crucial in scenarios like mass 
disasters, accidents, and criminal investigations. 
Nevertheless, there are limitations of traditional  
identification methods like fingerprinting and DNA  

analysis, particularly when remains are decom-
posed, burnt, or when DNA is compromised. An-
thropological techniques can be applied in these 
situations. Cranial radiography is one of the poten- 
tially useful identification techniques when only a 
portion of the skull may be available.

Examination using cranial radiography is recog- 
nized as a standard procedure in dental and med-
ical clinics. To date, there have been many articles 
in which personal identification was achieved by 
comparing antemortem and postmortem radio- 
graphs of a particular part of a cranium (3-6). Using  
the frontal sinus became popular for human identi-
fication because of its unique characteristics. This 
structure consists of bilateral, irregularly shaped, 
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air-containing cavities in the frontal bone that 
can vary between individuals and can be visible 
with radiographic techniques (7). These factors 
make the frontal sinus suitable for analysis in an 
adult population (6, 7). 

Sexual dimorphism is recognizable in several 
anatomical characteristics of the skull, such as the 
foramen magnum (8) and the mandible (9). Numerous  
studies have proposed that the frontal sinus could 
be helpful in accurately determining sex.  Yoshino  
et al. suggested that the frontal sinuses of males  
are larger than those of females (6) which is in 
agreement with a study by Buckland-Wright (10). 
In females, the frontal sinuses are smaller, and 
their superior margins are more scalloped (11). A 
2023 study of the frontal sinus in the Thai popu-
lation by Pangsorn and Soodchuen (12) analyzed 
270 cranial computed tomography (CT) images to 
evaluate sex determination based on the frontal 
sinus parameters. They proposed using parame- 
ters of frontal sinuses based on the following seven  
discrete variables: the absence or presence of 
frontal sinuses, scalloping, complete and incom-
plete septal lengths, max height and width, max 
total width, and max antero-posterior (AP) diame- 
ter. Their results showed that measurements of 
frontal sinuses (max height and width, max AP  
diameter, and total max width) have the potential 
to be used in correctly identifying sex. However,  
the question arises whether the results of CT 
examination can be compared with those based 
on radiographic examination. Plain x-ray investi- 
gation is still very important in routine forensic 
practice in Thailand because the method is readily  
accessible and cost-effective. To the best of our 
knowledge, no research has been done on deter-
mining sex from frontal sinus patterns in a Thai 
population using radiographic analysis. Because 
of variations in genetics and environment, the  
results from a non-Thai population may differ from 
those from the Thai population. 

The purpose of this study was to evaluate the 
reliability of radiographic examination of the fron-
tal sinus for sex estimation in a Thai population. 
The study analyzed the frontal sinus category  
and size using standardized measurements of 
plain X-rays of the frontal sinuses.

METHODS
Sample

This study was approved on October 20, 2023 
by the Research Ethics Committee of the Faculty 
of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand (Protocol No. 716/2566 (IRB2). 

The sample size was calculated using nQuery 
Sample Size Software (nQuery Advanced 8.7) 
(Statsols, Boston, MA). Between January 2019 
and July 2024, adult cadavers which underwent 
autopsy in the Forensic Pathology Unit, Depart-
ment of Forensic Medicine, Faculty of Medicine 
Siriraj Hospital, Mahidol University were used as 
the subjects in this study. All cadavers were Thai 
nationals with an age range of 20-45 years. 

It is generally accepted that the frontal sinus 
first appears in children as early as age 5 or 6. 
This structure becomes completely developed 
around the age of 20, and generally remains stable 
until advancing age when atrophic changes begin 
to appear (13-18). Deceased individuals with sinus  
pathologies such as mucosal thickenings or any 
masses in the sinuses were excluded from this 
study. In addition, individuals with a history  
of cranial trauma or surgery, a clinical history of 
endocrine disturbances, nutritional disorders, or  
hereditary facial asymmetries were excluded from 
the study. Subjects without an appearance of fron-
tal sinuses were also excluded from this study. 

Antero-posterior radiographs of skulls were 
taken with a mobile X-ray apparatus (SOURCE-
RAY SR130, Source-Ray, Inc., NY) at 80 kvp, 3.0 
mA, and a 0.1-minute exposure time. To ensure 
a symmetrical and clear image of the skull, the  
bodies were positioned with the chin slightly lifted, 
the back of the head against the image detector, 
and the central ray focused at the nasion. The exami- 
nation of the radiographic images was carried out 
using RadiAnt DICOM Viewer software (version 
2020.2.3 (32-bit)) (Fujidenolo Solutions Co., Ltd., 
Komaki City, Aichi, Japan) and a monitor. 

Frontal sinus category and measurement proto-
col 

The frontal sinus shape was classified according  
to the bilateral symmetry or asymmetry, the high  
point of each side, and the outline of upper 
borders (Figure 1 and Table 1). The shape of the 
frontal sinus was evaluated using the standardized  
measurement protocol adapted from De Andrade 
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Figure 1. Frontal sinus (categories 1 to 6)

Table 1. Definition of frontal sinus categories

Category Definition

1
2
3

4
5
6

Frontal sinuses with symmetrical shape of partition and chamber
Frontal sinuses with two equally high points 
Frontal sinuses with open-curve lobulations (the highest curve is identified, but the highest point is difficult 
to determine)
Frontal sinuses with plateau lobulations (the highest point is not evident)
The air-containing cavity of the frontal bone as a part of the frontal sinus
Frontal sinuses in triangular shape without two distinct highest points because both sinuses coincide at 
the vertex of the triangle  

Quintanilha Ribeiro (19). First, a baseline was 
drawn horizontally along the upper limit of both 
orbits. Then four more lines were drawn perpen-
dicular to the baseline (Figure 2). The first (A) and 
second (B) lines delineate the maximum lateral 
limit of the right and left frontal sinuses.  Another 
two lines (C and D) pass through the highest point 
of the right and left frontal sinuses. From these 
lines, the four measurements can be conducted 
(Table 2).

Anatomical variations can be encountered. 
Adapting the previously described techniques is 
necessary when measuring anatomy that does 
not fit a traditional architectural pattern (19).

1.	 When a frontal sinus has two equally high 
points, measure the one that is closest to the inter- 
sinus septum.

2.	 When the highest point is difficult to locate 
because the sinus has open-curve or plateau lobula-
tion, measure the point at the middle of the lobu-
lation.

3.	 Any air-filled frontal sinus cavity is considered  
as a part of the frontal sinus and needs to be 
measured. Figure 2. Landmarks for measurement protocol
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category 3 (18.7%), category 2 (6.8%), category 4 
(6.4%), category 6 (6.0%), and category 5 (3.4%). 
However, there was a statistically insignificant 
sex difference in the frequencies of the frontal 
sinus category (p = 0.226).

The frequency of all frontal sinus measure-
ments is shown in Table 4. The frontal sinuses 
were found to be larger in males than females, 
with the difference between males and females 
statistically significant for measurements A and 
D (p < 0.01). Univariable logistic analysis showed 
that the areas under the ROC curve in measure-
ment A was 0.629 and 0.613 in measurement D, 
suggesting a moderate predictive performance. 
The recommended cut-off score of measurement 
A, which allows for the best sensitivity and speci-
ficity, is 6.47 (sensitivity 78.7%, specificity 59.6%). 

Table 2. Measurement definitions (adapted from Ribeiro (19))

Measurement Definition

A
B
C

D

The maximum diameter of the frontal sinuses (lines A and B)
The distance between the highest points of the left and right frontal sinuses (lines C and D)
The distance between the maximum lateral limit and the highest point of the left frontal sinus (lines 
A and C)
The distance between the maximum lateral limit and the highest point of the right frontal sinus 
(lines B and D)

Table 3. Frequency of frontal sinus category

Frontal sinus 
category

Male
n=141 (%)

Female
n=94 (%)

Total
n=235 (%)

1
2
3
4
5
6

79 (56.0)
6 (4.3)

30 (21.3)
11 (7.8)
5 (3.5)
10 (7.1)

59 (62.8)
10 (10.6)
14 (14.9)
4 (4.3)
3 (4.3)
4 (4.3)

138 (58.7)
16 (6.8)
44 (18.7)
15 (6.4)
8 (3.4)
14 (6.0)

4.	 In cases where the frontal sinuses do not 
have two separate highest points because of their 
triangular shape, the highest point of the vertex is 
used for measurement, and the list measurement 
of B is zero.

Statistical analysis
The statistical analysis was performed using 

the SPSS software package (version 26 for Win-
dows; SPSS Inc., Chicago, IL). Statistical signifi- 
cance was considered as a p-value of less than 
0.05. Quantitative data such as mean values, 
range, and standard deviations were calculated. 
Categorical data are displayed as numbers and a 
percentages. The t-test and chi-square test were 
performed to determine whether there was a sig-
nificant difference between males and females. A 
logistic regression equation was used to analyze 
the association of measurement values and sex as 
ROC curves and the area under the curve. A cut-
off score of the most significant statistical data was 
selected based on the sensitivity and specificity of 
the ROC curve. To test reliability, 30 skull radio-
graphic images were randomly selected and reas-
sessed for both intra- and inter-observer errors. 

RESULTS
A total of 235 cadavers were included, consist-

ing of 141 males and 94 females. The mean age of 
males and females in this study population was 
35.25 (standard deviation [SD] = 7.01) years and 
33.34 (SD = 7.35) years, respectively. The manner 
of death of the 235 subjects was as follows: 131 
subjects (55.7%) were due to natural diseases, 55 
subjects (23.4%) were due to car accidents, 39 
subjects (16.6%) were due to suicide, and 10 sub-
jects (4.3%) were homicides. 

Table 3 illustrates the frequency of each type 
of frontal sinus category among the study group. 
The most common frontal sinus category observed 
in this study was category 1 (58.7%), followed by 

Table 4. Statistical data of frontal sinus measurements

Measurement Sex
Mean 
(cm)

Standard 
deviation 

(cm)
p-value

A

B

C

D

Male
Female
Male
Female
Male
Female
Male
Female

7.04
6.21
2.04
2.01
2.37
2.00
2.68
2.24

1.92
1.65
1.17
1.11
1.20
1.09
1.13
0.96

0.001*

0.990

0.019

0.002*

* p < 0.01
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The reliability of both morphoscopic and mor-
phometric characteristics was also investigated.  
Using Cohen’s Kappa coefficient, the average intra- 
class correlation coefficient (ICC) was 0.95 for  
intra-observer reliability and 0.91 for inter-ob-
server reliability. Based on a 95% confidence inter-
val, ICC values higher than 0.9 indicate excellent 
reliability (20). 

DISCUSSION
Zukerkandl and colleague in 1895 were the 

first to notice the uniqueness of the frontal sinus,  
highlighting its asymmetrical morphology (21). 
Culbert and Law introduced the first case of human  
identification using morphological analysis of the 
frontal sinus to be accepted in a US court (22). 
Since then, there has been significant progress in 
the study of several frontal sinus features (1, 3, 12).  
Previous studies have concentrated on taking 
several frontal sinus measurements and inte-
grating the probability of each measurement for 
analysis (19, 23). The strength of the metric analy- 
sis of the frontal sinus is supported by probability 
analysis of probability assessment (24). In accord-
ance with previous studies, the present study 
used plain skull x-rays, and analyzed results using 
logistic regression.  

Previous studies have looked at the frontal sinus  
using computed tomographic techniques (25-27). 
However, plain x-ray investigations continue to 
play an important role in routine forensic work 
for human identification in Thailand because of 
their reliability, low-cost, and easy accessibility, 
which has led to the development of technical and 
comprehensive parameters, e.g., the evaluation 
of the morphological shape of the frontal sinus 
(28, 29). Christensen (2005) employed elliptical 
Fourier analysis to compare Euclidian distances, 
but that method is very resource-intensive and 
complex (30). The present study attempted to 
develop a low-cost solution for the Thailand con-
text, making it more appropriate for the financial 
constraints that are faced by disaster manage-
ment organizations in Thailand. In addition, this 
study marks an initial attempt at personal iden-
tification based on standardized measurements 
of radiographic images of the frontal sinuses as 
mentioned by De Andrade Quintanilha Ribeiro 
and provides a simple and cost-effective system 
for identifying the sex of unknown remains (19). 

The present study utilized plain skull x-rays 
in an AP radiograph projection, as this allows the 
frontal sinus to be assessed with minimal dis-
tortion. A difference in the position of the skull 
during radiographic examination can potentially 
generate differences in measurements, leading to 
possible misrepresentation of the true anatomical 
dimensions. The radiological images produced by 
AP and PA views are dissimilar in both size and 
clarity, even though the angles are similar. These 
two views provide different size measurements of 
the frontal sinus because the frontal sinuses are 
not located at the same distance from the film. In 
the AP view used in this study, the frontal sinus is 
farther away from the film, while the frontal sinus  
is closer to the film in the PA view, leading to a dif-
ference in magnification (31).  In this study, it was  
often not possible to use the radiograph approach 
in PA projection due to the limitations resulting 
from position of the deceased lying in the supine 
position.

This study attempted to categorize different 
types of frontal sinus shapes to investigate how 
they could be used to determine sex and contribute 
to the field of forensic medicine. The radiological 
images of the frontal sinus revealed various forms 
in this study, differing in width, and height, as well 
as number and shape of partitions and chambers 
(31, 32). In this study, symmetry of the frontal sinus 
(category 1) was identified in 58.7% of the indi-
viduals, whereas Taniguchi et al. obtained 43.1% 
symmetry in a Japanese population (33). The results 
of the present study are consistent with those of 
David and Saxena (34), who observed a symme-
try of frontal sinus in 58.0% of the study group. 
There can be several anatomical variations in size 
and shape. Unusual conditions can include asym-
metrical sinuses or different shapes of lobulation. 
Generally speaking, an asymmetrical shape of the 
frontal sinuses on the two sides results from un-
equal reabsorption of the diploë during the de-
velopment of the frontal sinus (35). Some studies  
have reported that the observed differences in 
frontal sinus morphology are not statistically sig-
nificant. These differences can be ascribed to racial 
and geographic characteristics as well as to the 
different techniques used in each study (36). 

 Previous research has verified that males often 
have a larger frontal sinus than females (6, 7, 29, 
31, 37). The results in this study are in accordance 
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with those of previous studies, including that the 
mean values of the frontal sinus measurements A 
and D in males are significantly larger than those 
of females, e.g., the same result was observed by 
Camargo et al. (28). This finding can be explained 
by the fact that males typically have larger skulls 
than females (38-40). The measurements B and 
C of males in the present study were larger than 
those of females, but the difference was not sta-
tistically significant. Inherent variability of the 
morphology of the frontal sinus was also observed 
in this study. We considered using a cut-off score 
with the best value to maximize both sensitivity 
and specificity. As a result, we recommend a cut-
off score of 6.47, which provides moderate pre-
dictive accuracy in discriminating between males 
and females. There are possible reasons that the 
results of this study showed a lower accuracy 
than those of previous studies (25, 26, 28). The 
main reason is that the configuration of the fron-
tal sinus in different populations is influenced by 
both genetics and environmental variables, e.g., 
nutrition, hormones, and muscular attachment 
(29, 31). 

While CT scans generally provide higher resolu- 
tion images, radiographic analysis of frontal sinus 
morphology is straightforward, lower cost, not 
time-consuming, and easy for a forensic practi-
tioner to utilize. It can be done with a single radi-
ograph, which is typically taken during postmortem 
investigation. However, some limitations of this 
study should be considered. Our study sample 
may not be representative of the general Thai 
population because this study included only foren-
sic autopsy cases. A larger sample might provide 
better results. Newer frontal sinus parameters 
should also be established to determine sex more 
accurately. 

CONCLUSIONS
In forensic practice, sex determination in un-

identified individuals is one of the most frequent 
and challenging areas. Several methods have been 
established in an effort to increase the accuracy 
of the determination of sex. This study attempted to  
evaluate frontal sinuses as a means of determin-
ing sex based on sinus patterns and measurements. 
The method described here should encourage 
wider use of radiographic analysis of the frontal 
sinuses in sex determination. 
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