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Objectives: To evaluate the accuracy of the measurements of the maxillary sinus (MS) and 
frontal sinus (FS) in sex estimation among Brazilian adults using multislice computed tomog-
raphy (MCT) and to develop and cross- validate a new formula for sex estimation.
Methods: The present cross- sectional research was conducted in two phases: (1) develop-
ment of a formula on the basis of the measurements of both the sinuses (50 males and 50 
females); and (2) validation study (20 males and 20 females). The linear measurements (height, 
width and diameter) were assessed using the RadiAnt DICOM software. A new formula for 
sex estimation was developed (multivariate statistical approach) and validated. Receiver oper-
ating characteristic curves, area under the curve, sensitivity, specificity, positive and negative 
predictive values, accuracy and likelihood ratio were estimated.
Results: Males displayed higher mean values (width, height and diameter) of the FS and MS 
(p < 0.05). The MS was a better predictor in sex estimation (males vs females), compared to the 
FS (accuracy between 61–74% and 58–69%, respectively). The distance between the right and 
left MS displayed the highest accuracy (74%). The sensitivity, specificity and accuracy of the 
new formula were 80%, 95.5% and 87.5%, respectively. 63.1% reduction was observed in the 
number of predictive values for sex estimation (individuals older than 30 years).
Conclusions: The present MCT measurements showed a higher accuracy in the estimation of 
sex in males. The highest accuracy was associated with the distance between the right and left 
MS. The new formula displayed high precision for sex estimation.
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Introduction

The process of identification of human remains one 
of the most relevant aspects of forensic sciences. The 

aforementioned process has received considerable atten-
tion in the scenarios concerning individuals involved 
in natural calamities or mass disasters, where the body 
of the deceased person is decomposed, dismembered, 
skeletonized or burnt, as well as in criminal situations 
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associated with the attempts to conceal an individual’s 
identity.1,2

It is noteworthy that the tools for sex determination 
are useful in the reconstruction of biological profiles, 
especially in unidentified individuals. In forensic 
odontology, human teeth have been commonly used to 
distinguish between males and females, in view of the 
fact that dental units can resist postmortem deteriora-
tion. Sexual dimorphism is a well- recognized and prom-
inent area of interest in the fields of forensic sciences and 
anthropology, and is associated with the assessment of 
several anatomical structures, including the skull, pelvis, 
long bones, foramen magnum and paranasal sinuses.3,4 
Among human bones, the skull components are consid-
ered to be the second best part of the skeleton, after the 
pelvis, which can be used for the estimation of sex.5

Osteometry is a preferable approach that can be 
used to differentiate between males and females, owing 
to the high accuracy reported in literature, such as 
77–92%6 and 72–95.5%.7 In extreme situations, such as 
explosions, war and different types of mass disasters, 
the skull and other bones might be severely disfigured. 
However, it has been reported that the maxillary sinus 
(MS) remains intact in incinerated victims. Hence, this 
anatomic structure can be used for the purpose of iden-
tification.8 Similarly, previous literature has reported 
that the frontal sinus (FS) was observed to be preserved 
in dismembered or carbonized corpses, mainly due to its 
high resistance to traumatic injuries.9

Skull- related morphological aspects have been 
reported as a potential method that can be used to study 
sexual dimorphism. However, literature does not give 
emphasis to any specific feature regarding the same.5 
Accordingly, the estimation of sex on the basis of cranio-
facial structures, such as the paranasal sinuses, should 
be considered as a topic of interest in forensic research, 
as it may address the lack of population- specific param-
eters in the current literature. In view of the fact that 
the paranasal sinuses display significant interindividual 
variations,10 imaging studies may provide substantial 
scientific evidence regarding sex estimation using para-
nasal sinuses.

Currently, CT is a common imaging modality used 
by forensic institutes across the world, and its applica-
tion on skeletal bones for the purpose of sex estima-
tion has received continuous attention of the forensic 
community.11 Additional aspects that favour the appli-
cation of the aforementioned radiographical exam-
ination in postmortem investigations are the common 
clinical applications for the preoperative assessment of 
paranasal sinuses and adjacent structures, as well as the 
high accuracy regarding details, even in severely disfig-
ured corpses.12 In addition, CT assessment has been vali-
dated by several forensic science groups for postmortem 
assessment.13–15

Few in vivo studies on sexual dimorphism have evalu-
ated the accuracy of the parameters of linear measure-
ments of the FS9,16 or MS16–20 on multislice computed 

tomography (MCT). Hence, the primary goal of the 
present study was to evaluate the specificity, sensitivity 
and accuracy of the linear measurements pertaining to 
the MS and FS in sex estimation among Brazilian adults 
on the basis of MCT. Furthermore, the present research 
aimed to develop and cross- validate a new formula 
for the purpose of distinguishing between males and 
females.

Methods and materials

Study design and ethics statement
The present cross- sectional investigation was performed 
after obtaining approval from the Ethics and Research 
Committee (number 2.253.923) of the Dr José Frota 
Hospital (Ceará, Brazil) and followed the principles 
of the Declaration of Helsinki. The current study was 
conducted and reported in accordance with the guide-
lines in the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) Statement.21

Sample
The MCT data pertaining to the individuals who were 
referred to the Dr José Frota Hospital for radiograph-
ical examination during the time period from May to 
June 2017 (two months) were evaluated. The sample was 
selected during the period of maximum CT scan requi-
sitions at the imaging centre. Initially, two investigators 
analysed the hospital image database, in order to obtain 
the necessary image samples, as the database included 
all the MCT images that were acquired for various clin-
ical purposes (e.g., assessment of cranio- maxillofacial 
trauma).

The present two- phase study involved 140 MCT 
images. The phases are stated as follows: Phase 1: devel-
opment of a formula on the basis of the measurements 
of the MS and FS (n = 100 images from 50 males and 50 
females); Phase 2: validation of the new formula using 
a random sample of MCTs of Brazilian individuals that 
were not used in Phase 1 (n = 40 images from 20 males 
and 20 females). All the MCT scans were evaluated by 
two investigators (DSM and ASWA), in accordance 
with the eligibility criteria. The inclusion criteria of the 
first phase of the current study were: (1) radiographical 
examinations of the individuals between the age of 18 
and 40 years; (2) images that clearly show at least the 
MS and FS; and (3) the presence of posterior maxillary 
teeth (at least first premolar to the second upper molar). 
The exclusion criteria were: (1) duplicate examination 
data; (2) images that revealed signs of pathology or frac-
ture; (3) signs suggestive of facial growth disorders or 
craniofacial syndromes; (4) any metallic artefacts that 
could impair accurate measurements (e.g., those from 
dental implants, metallic restorations and osteosyn-
thesis materials; (5) movement artefacts; and 6) low- 
quality images.
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The present study employed the student’s t- test to 
obtain a representative sample, which was estimated 
to be 50 MCT scans per group (90% power; assuming 
a 95% CI). Regarding the sample size estimation, a 
previous study by Sherif  et al22 reported a statistically 
significant difference between the males and females 
with regard to the anteroposterior measurement of the 
FS (6.90 ± 2.30 vs 8.76 ± 3.25 mm, respectively).

Variables
The dichotomous variable analysed in the present 
study was sex. The quantitative data were the linear 
measurements.

Image acquisition process
MCT scans were obtained using a single scanner 
(Somatom Emotion 6, Siemens, Forchheim, Medical 
Solutions, Germany) under the following acquisition 
protocols: 1 mm of table increment, 130 kVp, milliam-
perage ranging from 80 to 120 mA, cross- sectional image 
thickness up to 2.0 mm, 180 mm field of view (FOV), and 
0.6 s of rotation time. All the analyses were performed 
using the same computer system (Dell Inc., model G3 
3590, Intel® Core ™ processor i5- 9300H CPU @ 2.40 
GHz, 2400 MHz, four colours, eight logic processors 
and LED HD backlight screen), and the Digital Imaging 
and Communications in Medicine (DICOM) files were 
imported into the free RadiAnt software (Medixant, 
Poznan, Poland), v.4.6.9.18463 (64 bit).

A trained observer (DSM) performed all the eval-
uations in a dedicated room with dimmed light. The 
observer was free to modify the brightness of the screen 
during analysis. The evaluation was performed in shifts 
and a maximum of two scans were evaluated per shift, 
in order to prevent visual fatigue, on account of the fact 
that a time period of approximately 45 min was required 

to perform all the measurements in a single scan. 
Initially, head orientation and tomographic alignment 
were performed to ensure that all the measurements were 
perpendicular to the horizontal plane. Subsequently, 
axial, sagittal and coronal sections were obtained to 
guide the observer. During this process, an axial plane 
parallel to hard palate in the coincident sagittal section 
with anterior and posterior nasal spine was used as a 
reference landmark in the present study (Figure 1).

The greatest linear measurements were estimated by 
means of the axial and coronal images (Figures 2 and 3, 
Table 1). Moreover, subsequent to the detection of the 
section with the largest measurement (main image), all 
the linear assessments were repeated using two slices 
above and two sections below the main segment, in 
order to improve the accuracy of measurements. Subse-
quently, the mean of these five values was adopted as the 
value of each variable under evaluation in the current 
study (Figures 1 and 2).

Measurement training and study error
In order to minimize the occurrence of measurement 
bias, the observer (DSM) who performed the analysis in 
the present study underwent prior training under senior 
investigators (FWGC and LMK) who were experienced 
in the field of oral and maxillofacial radiology. First, an 
image dataset comprised of randomly selected MCT 
images was evaluated in a blind process. After a time 
interval of 15 days, the same procedure was repeated 
with the same image set, in order to estimate the intra-
rater agreement. The current study used the SPSS v.20.0 
(IBM Corporation, Sommers, NY, USA) for Windows 
(Microsoft Corporation, Redmond, WA, USA) for 
data analysis. The analysis of systematic errors was 
performed using the paired t- test, Pearson‘s correlation, 
and intraclass correlation coefficient (ICC). The ICC 

Figure 1 Definition of the positioning parameters to measure the frontal and maxillary sinuses in the sagittal, axial and coronal planes.
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was estimated using a random bidirectional effect model 
with a 95% CI and p- value less than 0.05. The ICC 
assessed the intraobserver reproducibility, as per the 
Koo and Li23 reliability criteria: poor (<0.5), moderate 
(0.5–0.74), good (0.75–0.9) and excellent (>0.9).

Development and validation of a formula for sex 
estimation
A linear regression model was estimated for each 
measurement, in order to predict the sex accurately. The 
correlation coefficients were used to devise a mathemat-
ical formula using the measurements of the MS and FS 
(isolated or combined). The present study assessed a 
random sample of MCT scans of Brazilian individuals 

(20 males and 20 females), in order to validate the 
formula. The second phase of the current study (vali-
dation of the formula) followed the eligibility criteria 
stated by Farias- Gomes et al24. Accordingly, the current 
study selected tomographic images of individuals in a 
broader age range that clearly showed the MS and FS, 
regardless of the presence or absence of posterior maxil-
lary teeth.

Bias
The current study took certain aspects into consider-
ation to minimize the occurrence of bias20: (1) selection 
bias: the sample size calculation was planned to estimate 
adequate and equally divided samples between males 

Figure 2 (a) Maximum distance between the anterior and posterior sinus walls (diameter); (b) maximum distance between the upper and lower 
sinus borders (height); (c) maximum distance between the external limits of the MS (maximum width); (d) maximum distance between the medial 
and lateral sinus walls of the MS (individual width).
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and females; (2) sample selection: the dental status was 
standardized and potential confounding factors (i.e., 
signs suggestive of pathological changes or bone frac-
tures) were avoided; (3) measurement errors: images 
were evaluated by a trained observer who was blinded 
to the gender of the subject in each image, and the reli-
ability of the measurements was determined.

Statistical methods
All the statistical analyses were performed by an inves-
tigator (PGBS) using the SPSS v.20.0 (IBM Corpora-
tion, Armonk, NY, USA) with a 95% confidence level. 
Regarding the validation of the five measurements per 
MCT scan, Cronbach’s α was used as a measure of 
internal consistency, the ICC was obtained to evaluate 
systematic error, and the Hotelling’s T- squared analysis 
(multivariate counterpart of the t- test) was used to esti-
mate the random error.

The Kolmogorov- Smirnov test was used to assess 
the normality of the data. Linear measurements are 
expressed as mean and standard deviation (SD) and 
categorical data are expressed as absolute and relative 
frequencies. Bivariate analysis was performed using the 
Student’s t- test (linear measurements between males and 
females). In addition, the coefficient of variation was 
estimated and the Levene test was used to compare the 
variance regarding sex. The measurements of the right 
and left MSs were compared using the paired t- test.

Receiver operating characteristic (ROC) curves were 
plotted to identify the cutoff  points associated with 
sexual dimorphism and to estimate the area under 
the curve (AUC), sensitivity, specificity, positive- and 
negative- predictive values, accuracy and likelihood ratio 
(Supplementary Material 1). Moreover, the present 
study performed an age- related subgroup analysis 
and estimated the sensitivity, specificity, positive- and 
negative- predictive values, accuracy and likelihood ratio 
in relation to two subgroups: the individuals below the 
age of 30 years and those above the age of 30 years.

Results

Reliability
The reliability with regard to the method was observed 
to be significant for the linear measurements relating 
to the sinuses, varying from satisfactory (r = 0.822) to 
highly satisfactory (r = 0.997). The paired t- test did not 
reveal any statistically significant difference between the 
initial set of measurements and the one repeated after 
15 days. The ICC showed satisfactory values ranging 
from 0.896 to 0.998.

Reproducibility analysis
The validation analysis (Table  2) of the FS measure-
ments and the maximum height and width of bilateral 

Figure 3 (a) Maximum distance between upper and lower sinus borders (height); (b) maximum distance between anterior and posterior sinus 
walls (diameter); (c) maximum distance between the external limits of the FS (maximum width).

Table 1 Definition of the adopted morphometric parameters

Spatial view Parameter Paranasal sinus

Maximum distance between upper and lower sinus borders Coronal Height Frontal and maxillary

Maximum distance between anterior and posterior sinus walls Axial Diameter Frontal and maxillary

Maximum distance between medial and lateral sinus walls Axial Individual width Maxillary

Maximum distance between external limits of the sinus walls Axial Maximum width Frontal and maxillary

http://birpublications.org/dmfr
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MSs showed excellent values with regard to the Cron-
bach’s α (>0.800) and ICC (>0.800) values, and signif-
icant Hotelling’s T- squared correlation (p < 0.001). 
Moreover, two observers assessed all the linear measure-
ments twice within a 15- day time interval, in order to 
estimate the inter- observer reproducibility.

Males showed higher mean values of the measurements 
pertaining to the paranasal sinuses
The mean maximum height (p = 0.018) and width (p 
= 0.201), as well as the diameter (p < 0.001) of  the FS 
(both sides) were observed to be significantly higher 
in males compared to females (Table 3). In addition, 

males showed increased values of  the following 
measurements of  the MS, compared to the females: 
maximum height (right side, p < 0.001; left side, p = 
0.001), maximum width (right side, p = 0.011; left side, 
p = 0.001) and diameters (right side, p = 0.011; left 
side, p = 0.004).

The data variance, which is a measure of statistical 
dispersion, was observed to be significantly higher for 
the maximum height (p = 0.035) and diameter (p = 
0.001) of the FS. The evaluation of the right (p = 0.015) 
and left (p = 0.048) MSs revealed that the diameter 
was significantly higher in males, compared to females 
(Table 2).

Table 2 Parameters related to the reproducibility analysis

Validation coefficientsa Mean ± SD (cm) Variation coefficientb

  Cronbach’s α Hotelling’s T- Squared ICC Total Females Males p valuec Females Males p valued

FS height 0.999 <0.001 0.997 2.92 ± 1.13 2.65 ± 0.93 3.19 ± 1.26 0.018 35.1% 39.5% 0.035

FS width 0,993 <0.001 0.967 5.21 ± 1.73 4.99 ± 1.59 5.43 ± 1.85 0.201 31.9% 34.1% 0.406

FS diameter 0.993 <0.001 0.967 1.12 ± 0.39 0.96 ± 0.26 1.28 ± 0.43 <0.001 27.1% 33.6% 0.001

RMS height 0.999 <0.001 0.994 3.65 ± 0.49 3.48 ± 0.45 3.82 ± 0.47 <0.001 12.9% 12.3% 0.699

RMS width 0.999 <0.001 0.994 2.83 ± 0.51 2.70 ± 0.42 2.95 ± 0.56 0.011 15.6% 19.0% 0.337

RMS diameter 0.998 0.074 0.998 3.92 ± 0.38 3.83 ± 0.25 4.02 ± 0.46 0.011 6.5% 11.4% 0.015

LMS height 0.999 <0.001 0.999 3.67 ± 0.50 3.51 ± 0.45 3.84 ± 0.49 0.001 12.8% 12.8% 0.966

LMS width 0.999 <0.001 0.994 2.82 ± 0.49 2.66 ± 0.41 2.98 ± 0.51 0.001 15.4% 17.1% 0.287

LMS diameter 0.947 0.351 0.781 3.92 ± 0.36 3.82 ± 0.27 4.02 ± 0.41 0.004 7.1% 10.2% 0.048

MS(x--[R;L]) 1.000 0.028 0.998 8.59 ± 0.94 8.21 ± 0.97 8.96 ± 0.74 <0.001 11.8% 8.3% 0.467

FS, Frontal sinus; ICC, Intraclass correlation coefficient; L, Left; MS, Maxillary sinus; R, Right; SD, Standard deviation; (x--[R;L]), Arithmetic 
mean between R and L measurements.
aIntra observer reproducibility.
bInter observer reproducibility.
cStudent t- test.
dLevene’s test.

Table 3 Summary of the sensitivity, specificity, positive-/negative- predictive values, accuracy and likelihood ratio pertaining to the study varia-
bles (cm) to estimate sex

Estimated sex

Sens. (M) Spec. (F) PPV (M) PNV (F) Accuracy LR (95% CI)F (n = 50) M (n = 50)

FS height 26 35 70.0% 52.0% 59.3% 63.4% 61.0% 2.53 (1.11–5.74)

FS width 29 29 58.0% 58.0% 58.0% 58.0% 58.0% 1.91 (0.86–4.22)

FS diameter 34 35 70.0% 68.0% 68.6% 69.4% 69.0% 4.96 (2.12–11.58)

RMS height 34 34 68.0% 68.0% 68.0% 68.0% 68.0% 4.52 (1.95–10.46)

RMS width 34 32 64.0% 68.0% 66.7% 65.4% 66.0% 3.78 (1.65–8.65)

RMS diameter 39 33 66.0% 78.0% 75.0% 69.6% 72.0% 6.88 (2.83–16.74)

LMS height 32 29 58.0% 64.0% 61.7% 60.4% 61.0% 2.46 (1.10–5.49)

LMS width 37 26 52.0% 74.0% 66.7% 60.7% 63.0% 3,08 (1.33–7.15)

LMS diameter 41 30 60.0% 82.0% 76.9% 67.2% 71.0% 6.83 (2.73–17.09)

MS height(x--[R;L]) 34 31 62.0% 68.0% 66.0% 64.2% 65.0% 3.47 (1.52–7.90)

MS width(x--[R;L]) 35 30 60.0% 70.0% 66.7% 63.6% 65.0% 3.50 (1.53–8.01)

MS diameter(x--[R;L]) 40 30 60.0% 80.0% 75.0% 66.7% 70.0% 6.00 (2.45–14.68)

Width between both MS 37 37 74.0% 74.0% 74.0% 74.0% 74.0% 8.10 (3.31–19.80)

CI, Confidence interval; F, Female; FS, Frontal sinus; L, Left; LR, Likelihood;M, Male; MS, Maxillary sinus; NPV, Negative predictive value; 
PPV, Positive predictive value; R, Right; Sens., Sensibility; spec., Specificity;(x-- [R;L]), Arithmeticmean between R and L measurements.
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The measurements of the MS were significant predictors 
of sexual dimorphism
The ROC curve- based (Figure 4) cutoff  points for the 
estimation of sexual dimorphism are shown in Table 4. 
Most of the AUC values were significantly higher, 
compared to the null axis of the ROC curve (>0.500); 
higher AUC values were observed in relation to the 
maximum width of the MS.

The maximum width of  the MS displayed the 
maximum sensitivity with regard to the identifica-
tion of  the male sex (74.0%), as shown in Table  3. 
Among females, the diameters of  the left (82.0%) 
and right (78.0%) MSs, and the mean diameters of 
both sides (80.0%) presented the most significant 
values of  specificity. The mean maximum width of 
MS (74.0%) displayed the highest accuracy with the 
highest likelihood ratio (8.10; 95% confidence interval 
(CI)=3.31–19.80).

Age-related subgroup analysis
The frequency distribution of the age on the basis of 
gender is shown in Table 4. The current study observed 
that 23 of the 65 (35.4 %) measurements of the patients 
below the age of 30 years showed lower values, compared 
to the total sample. Moreover, 41 of the 65 measure-
ments (63.1%) of the patients above the age of 30 years 
showed lower values, compared to the total sample.

In the subgroup comprising the subjects below the 
age of 30 year, the distance between the right and left 
MSs (76.9%) displayed the highest sensitivity with refer-
ence to the identification of the male sex. Conversely, 
the diameter of the left MS (83.9%) displayed the 
highest specificity with regard to the identification of 
the female sex. The highest accuracy was observed in 
relation to the distance between the right and left MSs 
(78.6%). Analysis of the CT scans of the patients above 
the age of 30 years revealed that the height of the FS 
(90.9%) displayed the highest sensitivity with reference 

Figure 4 ROC curves demonstrating the cutoff  values, sensitivities and specificities of the measurements of the frontal sinus (a), right (b) and left 
(c) maxillary sinuses and bilateral maxillary sinuses (d). Continuous thick line = maximum height; continuous thin line = diameter; discontinuous 
thin line = individual width; discontinuous thick line = maximum width.
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to the identification of the male sex. Furthermore, the 
diameter of the FS (84.2%) displayed the highest spec-
ificity in relation to the identification of the female sex. 
The highest accuracy was observed in relation to the 
diameter of the FS (80.0%).

Formula for sex estimation and external validation
A multiple linear regression model was designed to 
obtain the adjusted β values, which were inserted in 
a linear formula to estimate the sex.24 On the basis of 
the coefficients of collinearity with sex, the following 
formula was constructed to distinguish between females 
(value <0) and males (value >0):

 

Sex = 0.196 ∗ (A)− 0.406 ∗ (B) + 0.446 ∗ (C)
+ 0.318 ∗ (D) + 0.176 ∗ (E)0.168 ∗ (F) + 0.060 ∗ (G)  

where A, FS height; B, FS width; C, FS diameter; D, 
MS width; E, arithmetic mean of the right and left MS 
height; F, arithmetic mean of the right and left MS 
width; G, arithmetic mean of the right and left MS 
diameter.

Subsequently, a ROC curve with a statistically signif-
icant AUC (0.757 ± 0.002; [CI 95% = 0.619–0.894]; p = 
0.002) was plotted, and an optimal cutoff  point value of 
2.23 was estimated (Figure 5). In addition, the current 
study performed a sample size calculation, in order to 
estimate the sample size for external validation. On the 
basis of the best measurements of this study (FS diam-
eter: females = 0.96 ± 0.26, males = 1.28 ± 0.43), the 
estimated sample size required to perform the valida-
tion of the formula, in accordance with the statistical 
approach, was 20 patients per group (power 80% and CI 
95%; t- test).

In an independent sample comprised of 40 CT scans 
(20 females and 20 males) that were not part of the orig-
inal study sample, the estimated cutoff point showed 
a sensitivity of 80.0% (males), a specificity of 95.5% 
(females), a positive- predictive value of 94.1% (males), a 
negative- predictive value of 82.6% (females) and a like-
lihood ratio of 76.00 (CI05% = 7.70–750.49), as shown 
in Table 5.

Power of the sample size
On the basis of the sensitivity (80.0%) to determine 
the male sex and the specificity (95.5%) to identify 
the female sex, the present sample showed a power of 
89.4 and 99.9%, respectively, thereby rejecting the null 
hypothesis (50.0%) with reference to sexual dimorphism 
in relation to the linear measurements of the MS (chi- 
squared test).

Discussion

The present research evaluated the MCT images of the 
MS and FS, in order to investigate sexual dimorphism. 
Previous studies have used conventional radiographs of 
the craniofacial complex,5,23,25 cone- beam CT (CBCT),12 
and magnetic resonance imaging to estimate determine 
the sex. There are few studies involving MCT that have 
developed and validated the formula for estimating the 
sex by combining the morphometric (linear distances) 
measurements of the MS and FS.22 To the best of our 
knowledge, no Brazilian studies with similar methodolog-
ical aspects have been published to date.

Besides the application of MCT in surgical proce-
dures, exploration of the utility of this method in the 

Table 4 Variation of the predictive values with reference to sex estimation, in accordance with the age groups

Up to 30 years >30 years

  
Sens.
(M)

Spec.
(F)

PPV
(M)

PNV
(F) Accuracy

Sens.
(M)

Spec.
(F)

PPV
(M)

PNV
(F) Accuracy

Frontal sinus height −5.9% −0.4% 3.2% −10.1% −2.4% 20.9% 0.6% −6.7% 27.5% 5.7%

Frontal sinus width 3.5% −9.6% 2.0% −8.0% −2.3% −12.5% 15.7% −8.0% 12.0% 5.3%

Frontal sinus diameter −0.8% −9.9% −1.1% −9.4% −4.7% 2.7% 16.2% 4.1% 14.8% 11.0%

R maxillary sinus height 1.2% 3.0% 7.0% −3.3% 2.0% −4.4% −4.8% −18.0% 7.0% −4.7%
R maxillary sinus width 2.7% 6.2% 9.8% −1.5% 4.0% −9.5% −10.1% −23.8% 3.4% −9.3%
R maxillary sinus diameter 0.7% −0.6% 3.8% −4.7% −0.6% −2.4% 0.9% −11.4% 9.3% 1.3%

L maxillary sinus height 3.5% 3.7% 8.9% −2.1% 3.3% −12.5% −6.1% −23.2% 4.3% −7.7%
L maxillary sinus width 4.4% 3.4% 9.2% −2.2% 2.7% −15.6% −5.6% −26.7% 4.3% −6.3%
L maxillary sinus diameter 4.1% 1.9% 6.4% −2.2% 1.9% −14.5% −3.1% −21.3% 4.2% −4.3%
Maxillary sinus height (x--[R;L]) 2.1% 6.2% 9.8% −2.0% 3.6% −7.5% −10.1% −23.1% 4.6% −8.3%
Maxillary sinus width (x--[R;L]) 4.1% 10.6% 13.9% 0.5% 6.4% −14.5% −17.4% −31.0% −1.1% −15.0%
Maxillary sinus diameter (x--[R;L]) 1.5% 0.6% 5.0% −4.2% 0.0% −5.5% −1.1% −15.0% 8.3% 0.0%

Width between both maxillary sinuses 2.9% 6.6% 9.3% −0.5% 4.6% −10.4% −10.8% −24.0% 1.0% −10.7%

CI, Confidence interval; F, Female; FS, Frontal sinus; L, Left; LR, Likelihood;M, Male; MS, Maxillary sinus; NPV, Negative predictive value; 
PPV, Positive predictive value; R, Right; Sens., Sensibility; spec., Specificity.
x-- = arithmetic mean between left and right measurements. Bold numbers represent reduced values of accuracy measures.
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estimation of sex by means of the measurements of MS 
and FS has been limited over the years. In fact, very few 
diagnostic accuracy studies that evaluated both paranasal 
sinuses using MCT images have been published to date 
(Supplementary Material 2). In view of the fact that this 
imaging modality requires standardized measurement 
methods to obtain reliable results, the present investiga-
tion used validated coefficients (Cronbach´s α, Hotelling’s 
T- squared, and ICC) to assess the intraobserver agree-
ment. The current study observed an almost perfect agree-
ment, which was concurrent with the results reported by 
Sahlstrand- Johnson et al10. In addition, it should be high-
lighted that a mean value was obtained after the evalua-
tion of five consecutive MCT slices, which guaranteed a 
higher fidelity of the measurements.

The present, cross- sectional investigation adopted the 
method of convenience sampling, in order to obtain the 
MCT scans that were used to compare the tridimensional 
measurements of the MS and FS in males and females. 
A dataset of MCT scans with a large FOV was used, as 
the tomographic investigations that follow this acquisition 
parameter were necessary and justified for the purpose of 
clinical and surgical planning. Although MCT is a radio-
graphic investigation that emits a higher dose of radiation, 
compared to CBCT,26 the investigation is frequently used 
in hospitals to assess patients with cranio- maxillofacial 
trauma. A previous study has reported similar precision 
and accuracy of the linear measurements obtained using 
MCT (0.6 mm resolution) and CBCT (0.25 mm resolu-
tion). An additional advantage of MCT, compared to 

Figure 5 ROC to establish an optimal cutoff  point for the estimation of sex.

Table 5 Summary of the sensitivity, specificity, positive-/negative- predictive values, accuracy and likelihood ratio pertaining to the external vali-
dation of the formula developed for sex estimation

Estimated sex

Sens. (M) Spec. (F) PPV (M) PNV (F) Accuracy LR (95% CI)F (n = 20) M (n = 20)

19 16 80.0% 95.5% 94.1% 82.6% 87.5% 76.00 (7.70–
750.49)

CI, Confidence interval; F, Female; LR, Likelihood; M, Male; NPV, Negative predictive value; PPV, Positive predictive value; Sens., 
Sensibility;spec., Specificity.
Sens., sensibility; spec., specificity; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood; CI, confidence interval; M, 
male; F, female.
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CBCT, is the high accuracy of soft tissue measurements, 
which plays a substantial role during the preoperative 
planning in orthognathic surgery.27

In the context of forensic sciences, the paranasal sinuses 
are highly individualistic, like fingerprints. The aforemen-
tioned observation supports the use of the FS measure-
ments in scenarios that warrant quantitative reasoning 
for forensic identification.16 Regarding the MS, although 
literature includes previous studies that focused on their 
anatomical aspects, Sahlstrand- Johnson et al10 mentioned 
that there are dimensions related to these anatomical struc-
tures that need to be investigated further. Hence, both the 
paranasal sinuses that were assessed in the present study 
are recommended to be used as reliable indicators in the 
current literature on sexual dimorphism. Moreover, the 
development of a formula that combines the measure-
ments of two paranasal sinuses has not been reported to 
date, which highlights the relevance of the current research. 
Further studies involving other population- based samples 
and similar study designs may be conducted to evaluate 
the accuracy of the measurements of MS and FS in distin-
guishing between males and females.

Both the paranasal sinuses displayed significantly 
higher values of measurements in males, compared to 
females, which is concurrent with the FS- related data 
reported by previous studies from Brazil28 and Iraq,29 and 
the MS- related findings reported by the studies involving 
the individuals from Iraq2,17 and Turkey.30 In addition, 
the present results were obtained from a miscegenated 
population, as the ancestry was shown to be a mixture of 
predominantly European and Amerindian population,31 
which partially explains the dissimilar values, compared 
to other studies. Farias- Gomes et al24 highlighted certain 
factors that can influence these differences, namely, the 
sample size, age, type of radiographic investigation, 
methods used for measurement and statistical protocol.

The height of the right MS displayed a sensitivity of 
68% in the identification of the male sex, which was higher, 
compared to females. Furthermore, previous studies 
involving non- Brazilian populations9,10,17,18,30,32–34 showed 
that height is a useful variable in sex estimation, owing 
to the ability to provide a faster method of identification, 
thereby facilitating the work done by anthropologists.35 In 
addition, the other linear measurements of the sinuses that 
were evaluated in the present study (width and diameter) 
are considered to be significant for gender differentiation, 
as reported by previous studies that involved computed 
tomography evaluations.36,37

The FS was assessed for sexual dimorphism in 2014 
by Belaldavar et al38, who evaluated the width, height and 
sinus area on posteroanterior plain radiographs from an 
Indian population. The authors reported a sex estimation 
index of 64.6%, which is concurrent with the results of the 
present study (range of linear measurements: 61 to 69%). 
Regarding the FS measurements, Luo et al39 reported 
medium significance for sex estimation while employing 
the area and an index calculated using the height and 
width. The accuracy of the height and width of the FS in 

the current study was 61 and 58%, respectively. The afore-
mentioned results confirm the significance of the parame-
ters in sex estimation.

In the present study, the most significant values of 
accuracy for the estimation of sex with reference to the 
type of paranasal sinus were 74% (MS) and 69% (FS). In 
a study that involved the Turkish population,30 the accu-
racy rate in relation to the MS was 69.3%. A previous 
study by Ekizoglu et al40, which involved comparable 
population and methodology, reported an accuracy of 
77.1%. Uthman et al16 employed CT evaluation to assess 
the measurements of the MS in an Iraqi population, and 
reported an overall accuracy of 73.9% with regard to 
sex estimation. Akhlaghi and colleagues conducted two 
separate investigations involving Iraqi individuals. The 
first study9 did not recommend the use of FS parameters 
to estimate sex among Persian adults. The second study 
performed in 201717 reported that in young Iranian adults, 
the width of the MS displayed considerable accuracy 
(65.6%) with reference to the identification of the correct 
sex.

The mean distance between the right and left MSs 
showed an accuracy of 74% and a likelihood ratio of 
8.10 with regard to the accurate identification of males, 
thereby emphasizing the role of this measurement using 
MCT scans in the field of sexual dimorphism research. 
Moreover, the aforementioned finding was concurrent 
with the results reported by previous studies involving the 
Iranian population,9,16,17 which reported a high sensitivity 
with regard to the identification of the male sex using the 
measurements of the MS.

In the current study, the estimated accuracy pertaining 
to the diameters of the right and left MSs were 72 and 
71%, respectively; the accuracy of the width of the right 
and left MSs and the height of the right MS were 66%, 
63%, and 68%, respectively. Regarding males, Ekizoglu et 
al40 obtained the highest precision rates while assessing the 
diameter of the right MS (75.7%) and the mean height of 
the right and left MSs (71.4%). Uthman et al16 reported an 
accuracy of 60.5 and 72.1% with regard to the width of 
the right and left MSs.

The maximum distance between the right and left MSs 
(74%) and the FS diameter (69%) showed high precision 
with reference to sex estimation, whereas the width of the 
left MS and FS displayed low accuracy rates. In a study 
that involved the evaluation of MS, the best variables for 
sex estimation were observed to be the height and antero-
posterior diameter of the left MS.16 Teke et al30 reported 
low accuracy (67.7%) for the linear measurements of the 
left MS and the distance between the right and left MSs, 
which is in contrast with the results of the present study. 
Regarding the FS, Akhlaghi et al17 reported a precision 
of 61.3% with regard to the height of the left FS and a 
low precision rate (51.3%) with regard to the width of 
the right FS. Furthermore, the present study evaluated 
the maximum width of the MS, as previous studies have 
shown that it is a valuable parameter in the assessment 
of sexual dimorphism using MCT.16,19 In addition, in 
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2010, a previous study by Uthman et al16 reported that the 
maximum width of MS displayed an accuracy of 73.9% 
with regard to the estimation of sex.

Furthermore, the current study developed and vali-
dated a mathematical equation to estimate the sex in a 
sample of adult individuals from Northeast Brazil. Owing 
to the differences in methodological approaches, compar-
ison with published data pertaining to the Brazilian popu-
lation is limited. Farias- Gomes et al24 used a formula based 
on the three- dimensional volume of the MS that was 
assessed using the CBCT images of a south- west Brazilian 
sample population and reported an accuracy of 84% for 
sex estimation. However, the aforementioned study used a 
single paranasal sinus, whereas the formula developed in 
the present study used a multivariate statistical approach, 
based on the linear measurements pertaining to the FS 
and MS. Wanzeler et al41 reported that the probabilities 
of accurate estimation of sex by means of CBCT- based 
volumetric analyses of the male and female subjects from 
North Brazil were 96.2 and 92.7%, respectively. Neverthe-
less, the authors included the measurements of the sphe-
noidal sinus in their formula, which was not included in 
the present study.

On the topic of the validation study, the reliability of 
the formula was tested in another sample of the Brazilian 
population, which was selected without the restrictions of 
the selection criteria, such as the age or the presence of 
posterior teeth, as recommended in a previous investiga-
tion on sexual dimorphism.24 The cross- validated formula 
showed moderate accuracy (74%) and low error. Although 
the formula developed by the present study used simple 
and relatively easy- to- apply anthropometric measures of 
selected paranasal sinuses, it should be validated prior to 
the application in other ethnic groups by means of further 
investigations.

In the current investigation, with advancing age, the 
accuracy in sex estimation of the measurements pertaining 
to the MS were significantly reduced, which may be 
attributed to the bone resorption and age- related degen-
erative changes. Akhlaghi et al17 reported that age influ-
ences the reduction of predictive anthropometric indices 
of the MS with reference to sex estimation. Regarding 
the individuals above the age of 30 years, the FS provided 
better measures of accuracy regarding the estimation of 
sex, which was concurrent with the previous reports in 
literature.17

The present study has certain limitations. On account 
of the rigorous inclusion criteria, a sample of 100 MCT 
scans were included in the study. Although the sample size 
in the present study was not large, it was similar to that in 
the study reported by Sherif et al22, which evaluated the 
MCT scans of 100 adult Egyptians. The current study 
performed a sample size calculation, in order to minimize 
the selection bias. There was a relatively subjective selec-
tion of the slice with the highest measurement. However, 
a substantial intrarater agreement was observed and the 
methodology used in the present study involved the esti-
mation of the mean of five consecutive measurements 

(thickness of 0.6–2.0 mm). The formula that was devel-
oped in the present study was based on a linear relation-
ship between specific measurements and a category (0: 
female; 1: male), which is not constantly encountered in 
sex estimation. Hence, intersection ranges between the 
variables can influence the final sex estimation. However, 
it is worth mentioning that the present study adopted a 
multivariate model that was able to determine the different 
weights with respect to each measurement by means of 
an interassociated approach. After this adjustment, it was 
possible to develop a formula with a sensitivity of 80% 
and specificity of 95.5%, which are significant values in 
forensic research. Another limitation of the present study 
was that the MCT scans that were included were obtained 
from symmetrical individuals, which probably represent 
a minority of the subjects or bodies that are discovered. 
Hence, tomographic studies involving sexual dimorphism 
should include samples of asymmetrical patients, in order 
to cover the aforementioned aspect.

The development of a formula to estimate sex using 
MCT- based linear measurements is a topic that is rarely 
addressed by accuracy studies. Consequently, it was the 
primary aim of the present study. An advantage of the 
linear measurements is that the data assessment and 
volume procurement do not require any specific software, 
which could enhance the reproducibility of the meth-
odology. Hence, the authors believe that a multivariate 
statistics- based formula may provide better precision in 
relation to the differentiation between males and females. 
The current study recommends that this approach can 
be used in future investigations involving other imaging 
modalities or the evaluation of other bones for the 
purpose of studying sexual dimorphism. Furthermore, 
future studies could address the volumetric analysis of the 
paranasal sinuses.

Conclusion

The present study observed that higher mean values 
of measurements of the paranasal sinuses were chiefly 
observed in males. The most significant values of accu-
racy for sex estimation were observed in relation to the 
MS, followed by the FS. High precision was observed in 
relation to the distance between the right and left MSs. 
In addition, the present study developed and validated 
a formula that showed high precision for sex estimation. 
The data obtained through the current study highlight the 
importance of MCT- based morphometric assessment of 
FS and MS as a complementary tool for sex estimation in 
the field of forensic sciences.
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