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Aim: To assess the validity of the maxillary sinus in age estimation using CBCT.

Materials and Methods: This study analyzed 230 cone beam computed tomography (CBCT) scans of patients over the age of 18.
The patients’ records for CBCT were obtained from the archives of the Department of Oral and Maxillofacial Radiology at Ain
Shams University’s Faculty of Dentistry. The patients were categorized into two age groups: Group A, consisting of individuals
under 40 years old, and Group B, comprising those over 40 years old. Linear measurements of the maxillary sinus were taken, along
with assessments of the three-dimensional volume.

Results: The results in this study revealed there was a Weak Negative correlation of age with volume, height, width, and depth. Also
the older age group exhibited a statistically significant reduction in mean height, width, depth, and volume compared to the younger
age group. Furthermore, the volume had the largest correlation with age.

Conclusion: The application of the maxillary sinus for age estimation has limited accuracy; however, the volume of the maxillary
sinus serves as the most reliable indicator for age estimation in human identification.
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Introduction
Forensic medicine involves the
integration of medical expertise with legal
matters and investigations. It includes various
medical disciplines focused on the
assessment and diagnosis of individuals who
have suffered injuries or have died under
atypical or questionable conditions. This area
is vital to the criminal justice system, as it
supplies scientific evidence that can be
utilized in legal proceedings. Forensic
medicine plays a crucial role in revealing the
truth in legal matters, aiding in the
identification of victims, establishing causes
of death, and supplying vital evidence that
can facilitate the resolution of criminal
inquiries. %3
The maxillary sinus, the largest of the
paranasal sinuses situated within the maxilla,
has become increasingly important in the
fields of forensic anthropology as a key
anatomical feature for examining skeletal
remains.  Its  distinct  morphological
characteristics ~ display notable  sexual
dimorphism and variations associated with
age, rendering it a crucial resource for
forensic experts aiming to create biological
profiles of  unidentified individuals.
Evaluating the maxillary sinus can yield
essential insights in multiple scenarios, such
as determining sex, estimating age, and
aiding in identification during criminal
investigations. %> ¢
Recent developments ~ in  imaging
technologies, particularly cone beam
computed tomography (CBCT), have
significantly enhanced the precision and
reliability of maxillary sinus examinations.
These imaging techniques enable detailed
visualization of the dimensions and
morphology of the sinus, facilitating
quantitative assessments that enhance the
accuracy of forensic investigation. As a
result, the maxillary sinus serves not only as
a key anatomical landmark but also as an
essential resource in the ongoing efforts to

improve forensic methodologies and
contribute to the pursuit of justice. % 7-%°

The application of the maxillary sinus for
age estimation remains a topic of debate.
Consequently, this study aims to explore the
effectiveness of the maxillary sinus in
estimating age through the use of CBCT
technology.

Materials and methods
Sample selection

Patient records for CBCT were
retrieved from the archives of the department
of Oral & Maxillofacial Radiology, Faculty
of Dentistry, Ain Shams University.
Clearance for the study was obtained from the
institutional ethics Committee (FDASU_ Rec
EMO012105).

According to the statistically calculated
sample size, and after exclusion of cases with
fractured maxillary sinus walls or facial
bones, congenital diseases, craniofacial
deformities, and patients less than 18 years of
age, 230 cases were analyzed. The age of the
selected cases wasn’t less than 18 years old.
Patients divided into 2 age groups:

A. Less than 40 years old

B. More than 40 years old

CBCT acquisition and Data analysis

All scans were retrieved using i-CAT
Next Generation scanner (Imaging Sciences
International, Hatfield, PA, United States)
operating at tube voltage 120 kvp. Image
detector was 20 x 25 cm flat panel detector.
Scans were selected with maximum FOV to
cover the maxillary sinus on both sides. All
measurements were performed using the
OnDemand 3D  software  application
(Cybermed.Co, Seoul, Korea) version 1.0
(Build 1.0.10.7462) (x64 Edition). After
going through different slices in axial and
coronal sections, the greatest measurements
were obtained.
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Linear measurements of maxillary sinus
were

1) The height of maxillary sinus was
measured on the coronal view with the
linear measuring tool. The height was
measured from the deepest point of the
inferior wall to the highest point of the
superior wall. Figure (1.A)

2) The depth of maxillary sinus was
measured on the axial view with the linear
measuring tool. The depth was measured
antero-posteriorly from the most anterior
point of the anterior wall to the most
posterior point of the posterior wall.
Figure (1.B)

3) The width of maxillary sinus was
measured on the axial view with the linear
measuring tool. The width was measured
from the outermost point of the lateral
wall of the maxillary sinus to the most
medial point of the medial wall. Figure

(1.0)

i .

Figure 1: (A)The height of the maxillary sinus on the
coronal view measured from the deepest point of the
inferior wall to the highest point of the superior wall.
(B)The depth of maxillary sinus was measured on the
axial view with the linear measuring tool. The depth was
measured antero-posteriorly from the most anterior
point of the anterior wall to the most posterior point of
the posterior wall. (C)The width of maxillary sinus on the
axial view, measured from the outermost point of the
lateral wall of the maxillary sinus to the most medial
point of the medial wall.

The volumetric analysis of the sinus
-After data loading, the 3D module was
chosen
- The ROI area was adjusted by dragging the
dotted lines on the multiplanar (MPR)
windows.
-The threshold was adjusted to view the
maxillary sinus through the fine tuning bar.
It ranged between (-500: -300).

- The segmentation process was conducted
utilizing the object mask tool, which
involved selecting random points within the
maxillary sinus region. By employing the
region growing technique, the software was
able to automatically calculate the volume of
the maxillary sinus in cubic centimeters
(cm?). Figure (2)

Figure 2: The volume of Maxillary sinus.

Statistical analysis

All Data were collected, tabulated and
subjected to statistical analysis. Statistical
analysis was performed by SPSS in general
(version 20), while Microsoft office Excel
was used for data handling and graphical
presentation. Simple linear regression
analysis was used in case of age and volume
alone. Quantitative variables were described
by the Mean, Standard Deviation (SD), the
Range (Minimum — Maximum), Standard
Error (SE) and 95% confidence interval of the
mean.  Independent samples t test was
applied for comparing two groups means.
Pearson correlation coefficient was used for
correlation analysis.

Results

The Pearson correlation coefficient
was employed for the correlation analysis.
The coefficient for the relationship between
age and height was found to be -0.147, with a
p-value of 0.02598. In contrast, the
correlation between age and width yielded a
Pearson correlation coefficient of -0.135,
accompanied by a p-value of 0.04116.
Additionally, the correlation coefficient for
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age and depth was -0.128, with a p-value of
0.05249. Finally, the correlation between age
and volume demonstrated a Pearson
correlation coefficient of -0.298, with a p-
value of 0.000. (Table 1,2 Figures 3,4)

Discussion

Forensic medicine frequently utilizes a
range of radiological methods to assist in the
age estimation. A notable technique involves
the radiological assessment of the maxillary
sinuses. These air-filled cavities, situated
within  the maxilla, exhibit unique
characteristics akin to fingerprints, thereby
enhancing their utility in forensic analysis. As
the largest of the paranasal sinuses, the
maxillary sinus possesses distinct anatomical
features that can be compared with
antemortem radiographs to facilitate the
identification of unidentified remains.
Research has shown that the maxillary sinus
often remains preserved even when the skull
ar;d surrounding bones are severely distorted.
1,

There is still controversy regarding the
use of the maxillary sinus in age estimation;
therefore, the aim of the current study was to
assess the validity of the maxillary sinus in
age estimation using CBCT.

The present study was conducted utilizing
CBCT. This imaging modality presents
several significant benefits that improve the
accuracy, dependability, and efficiency of
forensic analyses. Its capacity to deliver high-
resolution, non-invasive, and comprehensive
imaging significantly enhances the precision
and reliability of age  estimation.
Additionally, it facilitates the accurate
measurement of maxillary sinus dimensions,
resulting in elevated accuracy rates in age
identification. Moreover, CBCT allows for
the acquisition of detailed quantitative data
regarding the maxillary sinus, encompassing
parameters such as volume, height, depth,
and width. This quantitative dimension is

essential for conducting statistical analyses
that aid in age estimation. * % 10-11
The study utilized a sample of 230

cases, specifically selected to include both
maxillary sinuses and individuals aged 18
years or older. The minimum age requirement
was set at 18 years to ensure that individuals
have reached full growth and development.
Exclusions were made for cases involving
fractured walls of the maxillary sinus or facial
bones, congenital disorders, and craniofacial
anomalies to prevent any influence on the
size and dimensions of the maxillary sinus.

The independent samples t-test was
conducted to compare the mean variables
between the two age groups. In terms of
height, the older age group exhibited a
statistically significant lower mean height
compared to the younger age group.
Similarly, for width, the older age group
showed a statistically significant reduction in
mean width relative to the younger group.
Regarding depth, the older age group also had
a statistically significant lower mean depth
than the younger age group. Finally, for
volume, the older age group demonstrated a
statistically significant decrease in mean
volume compared to the younger age group.

The Pearson correlation coefficient was
employed to assess the strength of the linear
relationship between two variables. The
analysis revealed a weak negative correlation
between age and height, which is statistically
significant. - Similarly, a weak negative
correlation was found between age and width,
also statistically significant. In contrast, the
correlation between age and depth was weak
and statistically non-significant. For volume,
there exists a weak negative correlation with
age that is statistically highly significant.
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Table 1: Descriptive Statistics of different parameters

Height 95% Confidence
N Mean SD SEM Interval for Mean Minimum Maximum
Lower Upper
Bound Bound
Less than 40 years 96 39.06 5.13 0.52 38.02 40.09 25.20 54.67
More than 40 years 134 37.05 5.35 0.46 36.13 37.96 18.27 54.85
All cases 230 37.88 5.34 0.35 37.19 38.58 18.27 54.85
Width
Less than 40 years 96 27.12 3.45 0.35 26.43 27.82 17.92 34.50
More than 40 years 134 25.99 4.17 0.36 25.27 26.70 14.89 40.32
All cases 230 26.46 3.92 0.26 25.95 26.97 14.89 40.32
Depth
Less than 40 years 96 39.61 3.08 0.31 38.99 40.24 30.24 46.61
More than 40 years 134 38.64 3.63 0.31 38.02 39.26 24.06 45.96
All cases 230 39.05 3.44 0.23 38.60 39.50 24.06 46.61
Volume
Less than 40 years 96 20.93 5.59 0.57 19.80 22.06 13.13 33.15
More than 40 years 134 16.96 5.48 0.47 16.02 17.89 5.51 33.01
All cases 230 18.62 5.85 0.39 17.85 19.38 5.51 33.15

Table 2: Independent samples t test for comparing the mean values of the variables between the two age groups

95% Confidence
Interval of the
Difference
Height N Mean SD SEM Mean SED Lower Upper t df P Value
Difference
Less than 40 years 96 39.06 5.13 0.52
More than 40years 134 37.05 5.35 0.46 2.01 0.70 0.62 3.40 2.86 228 0.00464*
Width
Less than 40 years 96 27.12 3.45 0.35
*
More than 40years 134 25.99 4.17 0.36 114 0.52 0.12 216 219 228 0.02934
Depth
Less than 40 years 96 39.61 3.08 031
More than 40 years 134 38.64 3.63 0.31 0.97 0.46 0.07 1.87 212 | 228 | 0.03486
Volume
Less than 40 years 96 20.93 5.59 0.57
More than40 years 134 16.96 5.48 047 3.08 074 2.52 543 538 228 0.0000%*

The older age group exhibited a statistically significant reduction in mean height, width, depth, and volume when compared
to the younger age group.
P value > 0.05 is insignificant, *p value < 0.05 is significant, **p value < 0.001 is highly significant
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Scatter plot of age and volume
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Figure 3: scatter plot of age and volume. The points
were widely spread around the regression line
indicating low correlation Pearson Correlation
coefficient R=-0.298 R2 = 0.088

Small R squared value indicating that the model
wasn’t suitable for proper prediction.
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Figure 4: Regression line of age and volume with
95% confidence interval. Due to the low correlation
and small R squared value, the confidence interval
for prediction were too large as shown in the
diagram by the two red lines around the trend line
JIn fact the deviation from trend line was about +/-
24 years makes the prediction of no practical value.

The previous analysis indicates that
volume exhibits the strongest correlation with
age, prompting a simple regression analysis
of these two variables. The scatter plot
illustrating the relationship between age and
volume displays a regression line with a
slight negative slope, while the data points
are widely dispersed around this line,
suggesting a low correlation between age and
volume.

The use of maxillary sinus dimensions
for age estimation remains a topic of debate.
Some studies in the literature suggest that the
volume of the maxillary sinus can serve as an
indicator of age, while others propose that its
height and depth may also be relevant.
Conversely, some research indicates that the
maxillary sinus is not a viable tool for age
estimation.

Numerous studies in the current literature
have utilized various imaging modalities to
evaluate the maxillary sinus for the purpose
of age estimation. In accordance with our
study, Rani et al.'> conducted a study
involved 60 participants, consisting of 30
males and 30 females, aged between 21 and
73 years. Each participant underwent MRI
examinations, during which measurements of
width, height, and depth were taken. The
volume of each maxillary sinus was
calculated using a specific equation. The
analysis of age groups revealed significant
differences in the four variables (volume,
width, depth, and height), all of which
decreased with advancing age. Additionally,
the study found no statistically significant
difference between the estimated age and the
actual age of the patients, suggesting that the
dimensions and volume of the maxillary
sinuses can serve as indicators for age
estimation.

Moreover, Kog et al.!* performed a study
involving 164 CBCT scans. They examined
the applicability of sphenoid sinus and
maxillary sinus volumes in assessing gender
and age through the analysis of CBCT images
from a population in Eastern Turkey. The
results indicated no significant correlation
between age and any of the sinus volumes.

Also, Hamdy et al.!* performed an analysis
of 120 CBCT images of the maxillary sinus,
maintaining an equal ratio of male to female
participants. The subjects were categorized
into three age groups: 20-30, 30-40, and 40-
50 years. The height, depth, and width of the
maxillary sinus were measured. The study
revealed no  statistically  significant
differences in the mean dimensional values
across the various age groups.

Furthermore, Ceena et al.'> performed an
analysis involving 80 CBCT scans, with
participants aged between 20 and 54 years.
They divided the subjects into three distinct
age categories: <25 years, 25-30 years, and
>30 years. The objective of the study was to
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evaluate the accuracy of the dimensions and
volume of the maxillary sinus for the
purposes of sex and age identification. The
specific parameters assessed included the
superoinferior and mediolateral dimensions,
as well as the overall volume of the maxillary
sinus. Upon analysis, the researchers
observed that the measurements of
superoinferior and mediolateral dimensions,
along with the sinus volume, were consistent
with age, showing no statistically significant
differences. This suggested that age didn’t
play a significant role in determining the size
of the maxillary sinus.

On the other hand, Abd-alla et al.'®
conducted an investigation on the maxillary
sinus using a sample of 110 cadavers. The
researchers assessed the length, width, and
height of both the right and left maxillary
sinuses. The subjects were categorized into
four distinct age groups: group 1 (20-29
years), group 2 (30-39 years), group 3 (40—
49 years), and group 4 (50-59 years). They
found that Group 1 (ages 20-29) exhibited a
lower mean value compared to the other age
groups. Group 2 (ages 30-39) demonstrated
an increase in both the width and length of
MS, while the 40 to 49 age group experienced
a slight rise in both dimensions. The final age
group recorded the highest mean value.

On the contrary, Barros et al.!” conducted
a study utilizing CBCT images from 238
patients to assess the height, width, and
length of the maxillary sinus on both sides.
The participants were categorized into three
age groups: 6-11 years, 12-17 years, and 18
years or older. The findings indicated that the
12 to 17-year age group exhibited greater
maxillary sinus height and depth compared to
the 6 to Ill-year group. Additionally,
individuals aged 18 years and older showed a
significantly greater maxillary sinus height
compared to those aged 12 to 17 years.
Furthermore, the height and depth of the
maxillary sinus were also significantly
greater in the 18 years and older group

compared to the 6 to 1l-year group.
However, the width of the maxillary sinus
was notably smaller in the 18 years and older
age group.

Moreover, Kitchlu et al.'® conducted a
study utilizing CT images from 118 patients
aged between 20 and 50 years. The
participants were categorized into three
distinct age groups: 20 to 30 years, 31 to 40
years, and 41 to 50 years. The researchers
measured the length, width, and height of the
maxillary sinus, with volume calculated
using a specific equation. Notably, in the 20
to 30 years age group, the width of the right
maxillary sinus was greater than that of the
other groups. The most significant increase in
maxillary sinus volume was recorded in the
2] to 25 years age group, with a general
increase in sinus volume observed from ages
20 to 30 and again in the 51 to 60 years age
group, followed by a decline thereafter.
Additionally, the height of the left maxillary
sinus in the 31 to 40 years age group showed
significant results. In the 41 to 50 years age
group, both the right and left maxillary sinus
heights were significant. Furthermore, it was
noted that beyond the age of 40 years, there
was a reduction in the dimensions of the
maxillary sinus.

Also, Tiwari et al.!” conducted a study
involving 90 CT scans, comprising 49 males
and 41 females, aged between 18 and 55
years. The participants were divided into
three distinct age categories: 18 to 25, 26 to
40, and 41 to 55 years. Measurements were
obtained from both 2D and 3D reconstructed
images of the maxillary sinuses. Linear
measurements included anteroposterior (AP),
superioinferior (SI), and mediolateral (ML)
dimensions, as well as the distance between
the right and left maxillary sinuses, assessed
in both coronal and sagittal planes. The
volume of the sinuses was calculated using a
specific formula. The results indicated that
the third age group (41-55 years) exhibited
the highest mean values, while the lowest
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values were recorded in the 18 to 25 age
group.

On the other hand, Naduvinkeri et al.?°
performed a study involving 300 Ilateral
cephalograms from patients aged 11 to 40
years. The participants were categorized into
three age groups: 11-20 years, 21-30 years,
and 31-40 years. The researchers assessed the
maxillary sinus by measuring its height,
width, and the index, which is the ratio of the
sinus width to its height. Their findings
indicated that the maxillary sinus index was
the most effective parameter for age
estimation across all age groups.

The observed inconsistencies may be
attributed to  variations in  patient
demographics, sample sizes, radiographic
methodologies, and analytical approaches.
Additionally, the specific measurement
techniques and the software employed could
potentially influence the outcomes. °

In conclusion, the results in our study
revealed that there was a Weak Negative
correlation of age with volume, height, width,
and depth. Also the older age group exhibited
a statistically significant reduction in mean
height, width, depth, and volume compared to
the younger age group. Moreover, the volume
had the largest correlation with age.

Conclusion

The application of the maxillary sinus for
age estimation has limited @ accuracy;
however, the volume of the maxillary sinus
serves as the most reliable indicator for age
estimation in human identification.

Funding
This research did not receive any
specific grant.

Data availability

All data included in this study are
available from the corresponding author upon
request.

Ethics approval

Ethical approval was granted from the
research Ethical Committee at Faulty of
Dentistry, Ain-Shams University. (Approval
number FDASU Rec EM012105).

Informed consent
For this type of study, formal consent
is not required.

Competing interests
The authors declare that they have no
competing interests.

References

1. Mallett X, Blythe T, Berry R, editors. Advances in
forensic human identification. CRC Press; 2014
Jan

2. Xavier TA, Terada AS, da Silva RH. Forensic
application of the frontal and maxillary sinuses: A
literature review. Journal of Forensic Radiology
and Imaging. 2015 Jun 1;3(2):105-10.

3. Waluyo RF, Priaminiarti M, Yuniastuti M,
Soedarsono N, Susilo BT. Measurements of sex-
related differences in maxillary sinus and
mandibular canal characteristic using cone beam
computed tomography. Forensic Imaging. 2020
Jun 1;21:200371.

4. Teixeira LC, Walewski LA, de Souza Tolentino E,
Iwaki LC, Silva MC. Three-dimensional analysis
of the maxillary sinus for determining sex and age
in human identification. Forensic Imaging. 2020
Sep 1;22:200395.

5. Otsuki K, Kodani I, Zangpo D, Nakatome M, lino
M. Development of New Formulas for Sex and Age
Estimation by Assessing Maxillary Sinus
Morphology on; CBCT. Yonago Acta Medica.
2023;66(1):112-9.

6. Mahmoud HS, Ahmed GS, Zidan A, Eid A.
evaluation of maxillary sinus dimensions in sex
and age determination among a sample of
Egyptians using computed tomography. The
Egyptian Journal of Forensic Sciences and Applied
Toxicology. 2022 Sep 1;22(3):17-25.

7. Najem SS, Safwat WM, ELAziz RA, Gaweesh YS.
Maxillary sinus assessment for gender and age
determination using cone beam computed
tomography in an Egyptian sample. Alexandria
Dental Journal. 2021 Aug 1;46(2):63-9.

8. Demiralp KO, Cakmak SK, Aksoy S, Bayrak S,
Orhan K, Demir P. Assessment of paranasal sinus

Three-Dimensional Analysis of Maxillary Sinus for Age Estimation in Forensic
Human Identification | Reim Mohamed Elshentnawi et al. MARCH2025.



ASDJ March 2025 Vol 37 Oral Medicine, Periodontology and Oral Radiology section

parameters according to ancient skulls’ gender and
age by using cone-beam computed tomography.
Folia morphologica. 2019;78(2):344-50.

9. Ebrahem, A., Gaber, R., Mekhemer, S., El-
Abedeen, M. Radiologic and Histological
Evaluation of Allogenic Bone graft Blocks in
Bounded Anterior Maxillary Alveolar Ridge
Defects. Ain Shams Dental Journal, 2024; 35(3):
182-188. doi: 10.21608/asdj.2024.287280.1274

10.zaki, L., Al-Sadat, O. Assessment of patient’s
centered prosthetic maintenance of two different
materials and design of mandibular fixed hybrid
prostheses. Ain Shams Dental Journal, 2024; 35(3):
24-32. doi: 10.21608/asdj.2024.313043.1450

11.Elkhateeb, S., Abu el Sadat Ali, S. Validity of
CBCT for Soft Tissue Examination in the
Maxillofacial Area: A Review of the Current
Literature. Ain Shams Dental Journal, 2024; 35(3):
134-148. doi: 10.21608/asdj.2024.283922.1252

12.Rani SU, Rao GV, Kumar DR, Sravya T,
Sivaranjani Y, Kumar MP. Age and gender
assessment through three-dimensional
morphometric analysis of maxillary sinus using
magnetic resonance imaging. Journal of forensic
dental sciences. 2017 Jan 1;9(1):81-5

13.Ko¢ A. Are maxillary and sphenoid sinus volumes
predictors of gender and age? a Cone Beam
Computed Tomography study. Cumhuriyet Dental
Journal. 2020 Dec 31;23(4):348-55.

14.Hamdy HT, Kamel AM, Abo Zaid FA. Evaluation
of Maxillary Sinus Dimensions Using Cone Beam
Computed Tomography in Egyptian Population.
Al-Azhar Assiut Dental Journal. 2021 Oct
1;4(2):197-204.

15.Ceena DE, Bhoraskar M, Natarajan S, Binnal A,
Bastian TS. Morphometric and volumetric
evaluation of maxillary sinus as an aid in sex
identification in forensic odontology—A cone-beam
computed tomography study. Journal of Forensic
Science and Medicine. 2023 Jan 1;9(1):12-6.

16.Abd-alla MA, Mahdi AJ. Maxillary sinus
measurements in different age groups of human
cadavers. Tikrit Journal for Dental Sciences. 2013
Jun 30;3(1):107-12.

17.de Barros F, da Silva Fernandes CM, Kuhnen B,
Scarso Filho J, Gongalves M, da Costa Serra M.
Maxillary sinuses’ height/width/depth of Brazilian
subjects and influence of sex, age, skin color, and
nutritional status: A CBCT study. Forensic
Imaging. 2022 Dec 1;31:200522.

18.Kitchlu J, Gupte B, Gupta A, Sharma AK.
Dimensions of maxillary sinus in correlation to age
by computed tomography (CT scan). European
Journal of Molecular and Clinical Medicine. 2022
Jul 15;9(7):3812-9.

19.Tiwari ST, Shrikrishna U, Jaseemudheen MM.
Gender determination by measuring maxillary
sinus volume using computed tomography. Journal
of Health and Allied Sciences NU. 2023
Jan;13(01):064-72.

20.Naduvinkeri PD, Ara SA, Nandedkar MY,
Chuniyani V, RD M. Age and Gender
Determination using Maxillary Sinus and Sella
Turcica on Lateral Cephalogram: A Retrospective
Digital Radiographic Study. Indian Journal of
Forensic Medicine & Toxicology. 2024 Apr
1;18(2).

Three-Dimensional Analysis of Maxillary Sinus for Age Estimation in Forensic
Human Identification | Reim Mohamed Elshentnawi et al. MARCH2025.



